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ABSTRACT

The Wallapai distriet is in the Cerbat lMountains, a renge composed
chiefly of erystalline rocks that are pre~Cambrien in age, The oldest rocks
are quartzite, miea sechist, hormblende~diopside schist, and emphibolite.
Younger and larger in amount are granite gneiss and granite. Iuch of the
gneiss 1s believed tc be a product of granitization. Gabbroic and dioritiec
gneiss, pegmatite, aplite, diabase, and mylonite also occur as part of the
basement complex. The originael rocks were disposed in an orogenic fold
system, but igneous intrusion and granitization have obliterated all but a
few remnants of the folds. The rock types and the pre~Cambrian history are
gimiler to those of the CGrand Canyon area.

The region contains no trace of Paleozoic rocks and probably none of
Mesozole age. Intrusions of granite porphyry in the Chloride and Mineral
Parl districts are believed to be Tertiary in age, Granite porphyry, pegmas
tite, aplite, and lamprophyre dikes are associated with these intrusions.

2mall areas of andesitie and rhyolitle extrusive rocks, presumebly of
Tertiary asge, exist along the flanks of the Cerbat Range. Thin sheets of
Cuaternary basalt cep these rocks along the west side of the range. This
basalt also lies on and interfingers with alluvium. HNumerous rhyolite dikes
and a few andesite and basalt dikes occur within the basement rocks.

Jeveral periods of faulting and erosion are visible in the wvolcanie
rocks., The latest faulting is of besin-range type and has outlined and
caused the elevation of the present mountains. The greatest displacement
has becn on the west side, and the Cerbat Range is an easiward tilted fault
bloek, modified in part into & horst. This mountain building seems to have
oceurred in late Tertisry end Cuaternsry time. Large quentities of detritus
have accumulated in the adjoining basins, and a pediment hes been cut along
the base of the range. Recent faul t-bloek movement is sugoested by the
presence of terraces within the canyons and by the dissection of the pedi~
ment at the west base of the range.

Mineralization is believed to have oceurred after the close of Tertiary
volecanic aectivity. The first phase consisted of "porphyry copper™ minersl-
ization in a strongly shattered poriion of the granite porphywry stock in
the Mineral Park district., This was succeeded by the profuse formation of
fissure veins, which carry the lead-zine ores of the region. The velns are
superimposed upon and grouped symmetrically around the ¥porphyry copper"
mineralization. Tectonic action is postulated as the fundamental control
for the emplascement of the granite porphyry stock and for the two types of
sulfide mineralizetion that are areslly associated with the stock.
Turquoise deposits have developed by supergene processes in the capping
of the "porphyry copper" deposit.

A late fault cuts the =lluvium west of the Mineral Fark district.
This fault and the adjaecent alluvial blanket heve been mineralized by
chrysocolla and form the fmerald Isle copper deposit. The chrysocolla
is believed to be hypogene in this deposit.
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TITTRODUCTION

LOCATION, CULTURE AND ACCESSIBILITY

The wWallapai distriet is loeated in lohave County, in the exbreme
northwest portion of Arizona {see Figure 1l). It is largely within the
Chloride quadrangle, which 1s bounded by meridians 114 degrees and
114 degrees 15 minutes west, and parallels 35 degrees 15 ninutes and
35 degrees 30 minutes north. The town of Xingman is avproximstely B
niles due south of the quadrangle. Hoover Dam is approximately 50
miles to the northwest.

The only town in the area ls Chloride (see Figure £), center of
the Chloride mining district. This town, which has a population of a
few hundred and the only post office in the guadrangle, is located in
the northwest seetion of the quadrangle, 20 miles from Kingman. Suce
cesslvely to the south of the Chloride district are the Mineral Park,
Stoclkton Hill, and Cerbat districts. Once fairly populous, they are
now largely deserted. Collectively, these four districts constitute
what is known as the Wallapal or Hualpal mining distriet., A few scat-
tered ranch houses are the only habitations outside the mining areas.

U. 8. Highway Numbers 93 and 466, the route between Kingman and
the Hoover Dam, cuts across the southwest section of the quadrangle.
State Hi-hway Humber 62, 3% miles of paved road, connects Chloride
with this mein routes In addition, numerous unsurfaced county roads
lead to all the mining areas and to the various ranches, Roads to the
ranches sre kept in a meod state of repair, Those to the nines are
maintained only when the mines are being worked, and neny are now ine
passable. The closest reilroad connection is at Kingman, vhich is

gerved by the main east-west Atchison, Topeka, and Banta Fe line,
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Figure 2 -~ Chloride, Arizona . « 1948,
View looking east from Silver Hill.
Main ridge of Cerbat Mountains in
background,
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PHYSICAL FEATURES

The Chloride quadrangle is within and close to the eagtern border
of the Basin and Renge Frovince. % is puart of the "nmountain region
of Arizona, a northwest-southeast belt defined by Ransome 1/ as adjoin-
ing the Colorado Flateau region on the northeast and the "desert” region
on the southwest (see Figure 1)« The region displays the characteristie
Bagin and Range features of narrow mountain renges separated by flat
valleyvs.

The Cerbat Mountains oceupy a central strip, covering approximately
two-thirds of the quadrangle. They are a continuous range, starting ime
mediately north of Kingman and continuing beyond the northern border of
the quadrangles The range trends north in the southern helf of the quad-
rangle, veering to the nortiwest in the northern half., It varies from
6 to 10 miles in width within the cuadrangle, the widest portion being
in the north. The topography of the mountain mass is unifornly mgged
and some of the slones are precipitouss The highest feature is Cherum's
Peak, near the center of the quadrangle, with an elevation of 6,978 feet.
The lowest point has an elevation of 2,900 feet, in the extreme northeast
corner of the quadrangle. This gilves a total relief of 4,078 feets The
average relief, however, from the base of the mountains to the erestline
is about 2,000 feet for the southern half of the range énd 3,000 feet
for the northern half,

The mountains are flanked on the east by the Mualpai Valley and on
the west by the Smeramento Valleys, Roth these valley are alluvium
covered basins with gentle gradients sloping away from the nountains,
The Sacramento Velley, 8 to 10 nmiles wide, with drainage to the south,
is bounded on the west by the Black Mountains, which run parallel to

the Cerbat Range. The Colorado River flows along the west base of the
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Black Mountains and is approximately 20 miles from the Cerbat Range.
The Hualpai Velley, approximately 15 miles wide, is terminsted on the
eagt by the Cottonwood Cliffs and the Crand Wash Cliffs, impressive
boundary scurps of the Colorado Platesu. Its flat surface is intere
rupted in its southern portion, between the Cerbat Mountains and the
Cottonwood Cliffs, by numercus isolated hills, inecluding the relatively
low Peacock Mountains, Immediately north of this area, between the
Cerbats and the Grand Wesh Cliffs, the Hualpal Valley displays the
expansive even surface of the Red Lake playa, which covers an srea of
almost 100 square miless

The western side of the Cerbat Mountaing presents a relatively uni-
form face, which rises abruptly from the flat skirt of the Sacramento
Valley, Numerous canyons and washes, orviented more or less at rizght
angles to the trend of the crest, break the continuity of the face, but
a gtraight lire of demarcation still exists between range and basine
On the east side no such line is visible., Instead a fingering of wide
flat waches and mountain spurs oceurs, with an abundance of isolated
ridges and buttes extending out into the Hualpsi Valley.

A flat pediment, as much as 1 miles wide, is visible slong the
west base of the mountains, It is a comperatively even surface, cut
without discerinination across all the rock types that compose the moun-
taing, and it has the same general gradient as the surface of the Sacro-
mento Valley. The pediment is veneered with a thin layer of alluvial
naterial in meost places, but recent dissection has remoted enough of the
veneer to reveal the continuity of the pediment surface. A sinilar pedi-
ment may exist along the eastern mountain base. A Tew small and scab-
tered bedrock exposures, showing through the alluvial cover, seen to
indicate a pediments The presence of an extensive erosion surface eane

not be proved, however,
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The mountains are drained by canyons and washes, most of which open
at rizht angles to the adjoining alluvial basinsg, There are no truly
permanent streems, although short portions of vatercourses mey be ine
duced to flow the year round by discharge from mine tunnels or from small
springs. Normally, strean Tlow is maintained only by active rainfall.
Run~off is short lived and that discharged into the velleyssinks rapidly
into the alluvial £ill,

dater for donestiec use in Chloride is ﬁipe& from the upper reachss
of Samoa suleh, The volume is neither large nor constent, and the supply
is augmented by wells and rain-water cisterns within the town., The storage
of rein-water is desirable, as that obtained frem springs, wells, or mines
is extremely hard., Water in the other mining areas is obtained from wells,
tumnels, shafts, and a few cisterns. The ranches have been able to develop
water from smell sprinze and wells within the mountein areas., Vells have
been sunk in the alluvial £ill of the velleys, but none is known to have
encountered water,

The erystalline nature of the bedroek throughout the quadrangle pre-
cludes any appreciable primery porosity and permeability. Nevertheless,
the well developed jolnting noymelly assures a small but adequate supply
of groundwater, both for humsn consumption and mill operation. However,
following one or two years of subs-normal rainfall the water supply will
become eritically short.

Subsurface Wabter Level - The level of the water table fluectuates

from year to year, depending on the amount of rainfall the rezion receives,
Sehrader 8/ found the water level at a maximum depth of 400 feet and in
some places "eonsiderably nearer the surface" when he visited the area

in the winter of 1906-1907. During the summer of 1941, following a wine

ter of exceptionally heavy rainfall, the level was much higher, Shafis
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in the pediment areas along the base of the mounbtains were filled with
water to within 5 or 10 feet of the collars. On the higher slones the
water levels in the shafts varied from 20 feet to as much as 60 or 70
feet below the surface. In 1947 and 1948, after two years of relatively
dry weather, the level had dropped considerably. In the pediment areas
water stood as low as 50 to 100 feet below the surface, while on the

mountain ridges it was cerrespondingly lower.

CLIBMATE® AND VEGETATION

The quadrangle lies just inside the elimatie zone that has been de=
fined by R. J. Russell 3/ as "very hot summer desert". His modified
Koppen symbols for such a region, "Hihh," signify that the mean January
temperature is greatgr than 32 degrees ¥, and that the mean maximun teme
perature for at least three months is over 100 degrees ¥, Thig probably
holds true for the bulk of the area, but on the higher mountain slopes
it is likely that a cooler classification obtains. High temperatures
prevail during summer days, but the low humidity and nommslly clear skies
allow repid cooling at night, and a diurnal temperature range of 50 to
60 degrees F, is not umusual, Temperatures are moderate to cool in the
winter, with freezing conditionsg common at nishb,.

There are no weather records avallable for the guadrangle, but the
climatic data in Table I have been accumulated at Kingman,.

Both temperature and mainfall vary with elevation., Conditions simi-
lar to those at Kingman, which has an elevation of 3335 feet, prevail
along the base of the mountains and over the adjoining valley aress,
where elevations vé& between 3,200 and 5,800 feebts ith increased alti-
tude, temperatures are lower and average rainfall is increased. As can

be seen in Table I, the rainfall is seasonal, oceurring chiefly in the
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TABLE I

Temperature and Painfall at Kinoman, Arizona

25 Vear Record - Degsrees F 35 Year Record
Bxtrene max | Extreme min| Hean Temp| Average Rainfall

Inches
Jan 78 8 4348 1,22
Teb 81 i1 47,8 1458
Mar 88 16 5044 1.11
Apr 102 20 8848 58
May 106 30 65.2 «31
Jun 110 34 7345 16
Jul 110 35 7846 1,01
Aug 117 43 80,8 1.53
Sep 107 a 73547 77
Oct 99 27 6245 70
Hov a9 13 5343 «60
Dec 77 11 4344 1.7
Total Ave, Rainfall 10,94

Data compiled from Leusen 4/ and U.S. Dept. Azvie. 5/

winter and summer months, Brief, convectionalecurrent thunderstorms
characterize the period from July to Zeptember. Very heayy showers
may accompany these stomms, but the rainfall is ususlly limited to

a small arca, as little as a few square miles in extent. Heveral such
storms may be in progress at the same tlme, and rain-curtains falling
simnlfaneously over isolated arens are not upusual sizghits during summer
dayse Bapid surface run~-off follews these showers, and the washes may
then be full 1o overflowing for a short btime.

In the winter months, from December to Merch, when the hemispheric
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belt of eyelonic storms is shifted to the south, the area is subjected
to occasional widespread rain, fThe fall received from these stoms is
typically much more gentle and persistent thau that recelived in the S
mer showers, and the degree of surface rul-off is correspendingly less,

Vegetation -~ The lower portions of the region have a cover of
short desert scrub, Creosote bush and several varieties of ssge are
abundant, including the bladder sase, The latter possesses numerous
geed~filled, parchment-like pods which, when disturbed by & field boot,
simulate an angry rattlesnake, Evenlta the initiated, & traverse through
these shrubs is disturbing. Yucea ig common, as are the prickly pear
and cholla cacti. Barrel cactus oceurs in a few places, Hany varieties
of desert grasses flourish in wet years. Even during dry periods, 1,000
to 2,000 head of cattle can be supported on the range within the gquade
rangles |

A thick stand of Joghua trees grows in the southwest corner of the
muadrangie, and juniper trees oceur on somé of the pediment and slluvial
eress near the mountains. Catsclaw {mimosa} and mesguite (prosopis)
trees line most of the dry stresm courses,

lio definite line of demaremtion exists, but on the higher slopes
most of the desert serub is replaced by & growth of pinyon pine, Juniper,
manzanita, and scrud oak trees. In places on the high ridges there is
a dense cover similar to the California chaparral. large cottonwood

trees grow along the upper portiocns of some of the Conyons,

FIKID #ORK AUD SCOPE OF REPORT

In the investigation of a mineralized area one of the principal aims
ig to determine factors of relationship between geology and ore deposi-
tion. Of particular interest, from both scientific and econonic sgband-

points, are those factors which have exerted controlling influences in
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mineralization. A search for these factors of necessity entails a
study of every phase of geolosy within a distriet, in as much detail
as possible. However, persvective is also important. For example, a
single mine may yield information which might anpear conclusive as to
the sequence of mineral deposition. TYet, when compared with data from
other mines in the same area, this information mey prove to be income
plete, 3imilarly, observations confined within the limits of a mining
district can lead to erroneous general conclusions.

{ith the above in mind, the field work .as conducted in two phases.
The Chloride district was chosen for mepping which included the location
and plotting of all the veins. (see Plate 1). The benefits of this
choice lie in the faet that the Chloride district is the largest and
most important of the mining areas and includes features of general
seology, especially structure, that are absent in the other districts.
Tiis first rhase of mapping was carried out in the swmmer of 1941, The
base map used for the work was the advance edition of the U,3, Ceological
Survey's topographie map of the Chloride guadrangle, surveyed in 1939
and issued in 194l. This preliminary sheet has a seale of 1:48,000,
or 1 inch to approximately threee=quarters of a mile, with a contour
interval of 25 feet. It was found to be accurate and highly satisfactory
for this part of the work, A small area west of Chloride, not covered
by the topographic sheet, was mepped through locations made by inter=
section, using Brunton compass sights on features within the quadrangle.
In addition to surface mapping, all accessible undersround workings in
the district were studied, including both idle mines that could be enter=-
ed and those few in active operation,

In the summers of 1947 and 1948, following an interruption oce-

casloned by world War II, some additional time was spent in the Chloride
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distriet, and the second phase of mapping was conducted, VWith the purpose
of gaining the necessary perspeetive, the areal zeclogzy of the balance
of the mineralized belt was mapped and also a seetion along the east side
of the Cerbat liountaing., (see Plate 3). Nuch of the mepping on the east
side of the mountsins was of reconnaissance nature, which satisfactorily
furnished the regional information desired. The U.8. Geological Survey's
final topographic sheet of the quadrangle, issued in 1944, was used as
a base maps This has a scale of 1:62,500, or about 1 inech to a mile,
and a contour interval of 50 feet. Althousgh detailed mapping in the rest
of the mineral belt was not feasible, comparative collections were made
of the rocks and ores, and data were taken oni;any mines and veins asg
nosgible,

In the course of mavping, four distinet types of nineralization were
found. The principal one ig base~metal ore in an extensive pattern of
veins extending from the Chloride district on the north to the Cerbat dige
trict on the south., It is with this base-metal nineralization that the
present report is primarily concerned., Though details are largely restricte
ed to the Chloride area, discussion of general features/;;plieable to the
entire zZoney

A “éarphyry copper” type of mineralization cceurs in the Mineral
Park district, coineident in location with a portion of the baseemetal
belt, Inouch date were obtained to warrant brief diseussion of the"pore
phyry copper® mineralization in this reports PFull justice could only be
done with more thorough study, fThough to date no commercisl depogits have
been discovered, the area of minerslization is large and offers a problen
for detailed investigation,

Cther types of mineralization, which can be discussed only summarily,

include a unigue copper-silicate deposit in late gravels and turguoise
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deposits in the Mineral Park area.

In addition %o containing a variety of ore deposits, the Cerbat
Mountains are strategiecally loceted a seant 15 miles from the edge of
the Colerado Platemu, They are approximately 35 miles due south of the
Virgin Mountains, in Nevada, which also face the plateasu., As stated by
Longwell in his report on the Muddy and Virgin Hountains 6/

"the location of the reglon near the boundery between the Basin Renges
and the plateau provinee gives it a critical interest, because the
stratigraphy, structural, and physiographiec relations of basin to pla-
teeu must be determined lergely by & study of this border zone."

The Chloride quadrangle, in compsrison with the Virgin and Muddy Moune
taing and the plateau, exhibits both features of similarity and of
marked differences Iuch of the data that have rggional bearing une
fortunately falls in a class of geologie omission rather than presences
However, 1t is hoped that the coverage afforded the physical and hisbori-

cal geology in this revort will add an increment to the understanding

and interpretation of these broad problems.

PREVIOUS WORK

Probably the first geologist to vigit this general ares was Julee
Marcou, He cerossed the region in February 1854 as & member of the
inipple survey 7/. Marcou named the Cerbat Mountains but applied the
term to all the ranges between the plateau country and the Colorado
River, and even beyond. Hlie seant, though accurate, observations are
summarized in a geological mep and seetion prepared from his notes by
#e Ps Blake.

J« 8. Hewberry traversed the rezion and made sonme brief obser-
vations on the Cerbat Range nineral deposits, during his work with the
Ives expedition in 1857-58 8/,

A party from the Wheeler survey 9/ visited the region in the fall

of 1871 and rnde a briel report on the veins and activities of the
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"Hualapais" district. A second theeler party, under the direction of
Oscar Loew ;g/, examined the district in 1875. 1In addition to a descrip-
tion of mining activity, Loew gives an aceurate list of the ore minersls.

The first comprehensive geologic reconnaissance to ineclude the Chloride
quadrangle vas made by W. T. Lee in 1903 end 1904 11/, His disenssion
includes the rock types, topography, and structure of the Cerbat Mountaing
and the adjoining valleys. A few specimens of igneous rocks from the area
were determined by Albert Johannsen,

The only thorough reconnaissance of the mining districts was made by
¥y Cu Schrader in 1906-1907 12/, Iis observations and conclusions resard-
ing the general geology and ore deposits are execellent, and his report
gbill serves as a "bible™, not only for the Cerbat region, but for the bulk
of the mining areas in Mohave County, Schrader's report has been the chief
source for most of the few short summeries that have been written subse=
quently. His descriptions of the prineipal mining properties are valuable
for their detalled record of early history, development, and production.
Miecroseopic determinations on the rocks and ores were made by Waldemar
Lindgren and Re S. Butler.

R+ Ms Hernon has made the nost complete recent summarw'gé/e His re=-
port is brief and adds little to the genersl descriptions and coneclusions
previously dravn by Schrader,

Fe Se Bastin studied some of the rich silver ores from the standpoint
of secondary enrichment.gg/. His conelusions concerning the paregenesis
of the silver minerals are valuable, as those minerals are now extremely
searce in the ore deposits.

Short papers have sppeared in various mining »ublications from time
to time, but they have been restricted to technical mining features or short

geological descriptions of single mines and prospects,



14.

GEQLOGY

GENERAL OUTLINE

The Corbat Ranze is composed essentially of massive erystalline
rocks, the bulk of which are pre-Cambrian in aze, The oldest rocks are
guartzite, mieca schist, hornblende~diopside schist, and emphibolite.
Younger, and more ebundant, are granite gnelss and granite. Mueh of
the rock is orbhogneiss, but perhaps an equal smount represents grani-
tization of the older schists, Lit-par-lit migmatites are numerous,
and minor anounts of gabbroie and dioritic rocks also arve associated
with the granitie bodies. Pegmatite, aplite, and diabase dikes are
widespreed. The original rocks were disposed in an orogenic fold sysw
tem, but igneous invasion and granitization have left only remnants of
the folds. localized intense shearing produced nylonites, which are
scattered throushout the basement complex.

The area is devold of Paleozole rocks and probably of Hesozoice
rocks, Intrusions of granite porphyry in the (Ohloride and Mineral Park
districts resume the geolosie record, These are clussed ag Tertiary
in this report. They were accompanied by the injection of numerous
granite porphyry dikes and were followed by minor amounts of pegmatite
and aplite and abundant lamprophyre dikes,

Snmell areas of voleanic rocks exist along the flanks of the range,
The roecks consist of a lowermost andesitic series, & middle rhyolitic
series, and & topmost andesite flow, all presumably of Tertiary age,
Thin sheets of Guaternary olivine basalt cap the sequence along the
west slde of the range, This basslt also lies on and interfingers with
alluvial depcsits. Numerous large and small rhyolite dikes and & few

andesite and basalt dikes oceur within the basement rocks.
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Several periods of faulting and erosion are indicated by the vole
cenie roeks, The latest faulting is of basinerange type and has oute
1ined and ceused the elevation of the present mountaings The greatest
vertical displacement has been on the west side, and the Cerbat Range
is essentially an eastuard-tilted fault block, in part modified into
a horst. This mountain meking is believed to have cceurred in late
Tertiary and quaternary time. It was accompanied by the accumulation
of large quantities of detritus in the adjoining basins. Recent vertis
cal displacement is postulated from terraces within the eanyons and
the dissected nature of the pediment at the west basze of the range.

Sulfide mineralization seens to have occurred after the close of
the Tertiary voleanie period. The first phasec consisted of "porphyry
copper" mineralization in a highly shattered portion of the aranite
porphyry stock in the Mineral Park distyict. This was succeeded by the
profuse formmtion of strong fissure veins, which carry the base metal
ores that have mace the exploitable deposits of the region.

4 late fault cuts the gravels west of the Minersl Park district.
This has been mineralized, along with the immediately surrounding ale

luvium, and forms the Imerald Isle conper deposit.
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DETAILED DISCUSSIONS OF TiHE ROCKS

CEREAT COMPLEX

Distribution and Relation to Other Formations -~ A basement asge
semblage of metamorphic and igneous rocks, for which the temrm Cerbat
Complex is proposed, forms approximetely 90 percent of that portion of
the Cerbat Renge ineluded in the Chloride suadrangle. Granite gnelss,
of both metamorphic and igneous origin, is the mogt abundant rock type,
It eonteins discontinuous layers of erystalline schists, small dioritie
and gabbroic bodies, highly porphyritic granltes, and pe:matite, apllite,
and diabage dikes.

The eomplex is ecanped along the extreme eastern and southsrn borw
ders of the renge by iselated Tertiary volecanic rocks, most of which
have been nreserved in downedropped faullt segments. Alcong the western
edge of the Chloride district nost of the basement is terminated by the
Sacramento fsult, (see Plates 1 and 3) which has also preserved Tertiary
volesnics on its downedropped side, In bhe Chloride and Mineral Park
districtas the eomplex has been intruded by granite porphyry of Tertiary(?)
age. Numerous young silicic and mefic dikes, along with a host of veins,

heve likewise invaded these basement rocks,

VETAMONPHIC ROCKS

Vertical to steeply dipping layers of hornblende-dliopside sehist
and smphibolite, biotite schist, quartzite and li£~par~11t gneiss come
prise the oldest group of rocks in the reglon. They mey be encountered
anywhere in the Cerbut complex. They t pically oceur together but in
no particular or consistent sequence, ZIxposures, though numerous, are
digcontinuous, and more abundant granite gneiss surrounds, interleaves,

and gredes into the schists. However, in several places enough of these
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layered rocks have been preserved to reveal their disposition in frage
ments of large folds. These folds, and evidence of original bedding in
the quartzites, suggest that the layered rocks were originally a series
of stratified deposits.s No estimate of the initial thickness of the
geries ¢an be made, but the sum of individual layers in the limbs of a
large antleline in the Chloride district suggests that it would be
meagured in thousands of feet.

In addition to the litepar-lit rocks, many of the asgsociated gneisses
are believed to be nmigmatites.

Buperimpoged on all the major rock types of the Cerbat complex are

parrow zones of mylonite, which were formed by localized intense sheare

ing.

QUARTZITE

Digtribution -~ Quterops of quartzite are scattered and rare, Dige

contimous layers 2 to B inches thick occur in the north end of Silver
Hill, in the wash north of the Empire mine, and northeast of the Towne
veiny, A bed 2 to 5 feet thick is exposed zlong the north slope of the
ridge just north of Merit Spring. One notable occcurrence is a sbteeply
dipping layer 40 to 50 feet thick, which is ineluded in a series of
pegnatite and hornblende schist layers lying adjacent to the northern
boundary of the Ithaca Pesk porphyry intrusion of the Chloride District.
4n execellent outerop of this bed is exposed in the northesst corner of
823, TR4N, R18W, just north of the intrusive contact, In all places

the quartzite is associated conformably with layers of hornblende schist.
It has no distinetive topographic expression,

Petrogravhy and Origin -- The rock is charecteristically light gray,

weathering to a moderate brovms It is finely laminsted and can be split
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into thin plates, along very fine-grained dark layers which contain
concentrations of biotite. The texture ig interpreted as being bhlastow
psammitic, on the basis of apparent relict sub-ansular to sub-rounded
grains, Discrete grains as much as 0.5 millimeter in diameter are visi~
ble in hand specimen,

In a thin section made from the quartzite that occurs in the north
end of Silver Hill, what seem to be original quartz grain boundaries,
putlined by tiny specks of darker minerals, can be seen in ordinary
light, Under erossed nicols much of the original zrain arrangement
is not visible. Recrystallization has occurred, resulting in the formae
tion of irregular grains and bands of quartz, Nost of the bands are
elongated parallel to the layering of the rock. The quartz inter-
locks in an intricate pattern and is characterized by the presence of
gtrain shadows, In negligible quantity, and averaging O.1 millimeter
in size, are dark brown grains of biotite, wisps of muscovite, irregular
grains of magmetite, sericitized srains of andesine feldspar, and stringers
of pale chlorite. Tiny needles of apatite are common in much of the
guartz,

Hicroscopic examination of the rock from the outerop north of Merlt
Spring reveals similar features, except that it contains approximately
15 percent andesine, as anhedral graing O.1 to 0,8 millimeter in size,
interlocked with the quartz. Biotite is also more abundant, making up
about 1 percent of the rock. Strain shadows in the quartz are largely
absent.

The quarbzite is significant because it indicates that the oldest
_geriecs of rocks in the Cerbat Complex is, in part, sedimentary in origin,
Though some removal and addition of material may have taken place during

recrystallization, the almost wholly siliceous composition, and the
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apparently reliet fine bedding and blastopsarmitie textures, are ro-

liable signs of an original layered, fine-grained, quartz sandstone. 15/

BIOTITE SCHIST

Digtribution -~ Biotite sehist is widely scattered throughout the

Cerbat Complex. It occurs both as narrow septa in litepar«lit gneiss,
and as layers forming separate rock units.

The discrete strata of biotite sehist are generally only a few inches
to a few feet thick, and are commonly interleaved with hornblende«diop-
side sehist and fine~grained granite gneiss., In some places biotite
schist seems to be gradational with the hornblende-diopside rockse The
oceurrence of mmall pegmatite or quartz stringers in the schist is not
unueusls The widest exposure seen is & 15 to 20 foot-thick layer in
the ridge due east of Mayswell Peek, The well-developed gehistosiby
of the always staeply-dipping or verbical strate promotes thorough
weabhering, avd the schist is typleally soft and friables

Petrogrephy and Origin == The sehist is dark gray to black where

fresh and moderate brown where weathered. Texbures are lepldoblastic
with porphyroblastic phases. A specimen from the ouberop east of Hays-
well Peak gives & typieal pieture under the microscopes It iz a gnarled,
porphyroblastic type, containing 50 percent bictite. The biotite occurs
as plates in the groundmass, everaging 0.25 to 1.5 millimeters in dia-
neter, with parmllel to decussate orlentabion, It is fresh and strongly
pleochroic from dark brown and grecnish brown to light yvellow, Inclus
sions, which are gcant, are sphene, leldspar, magnetite, and apatite,
The balance of the groundmass, making up 35 percent of the roeck,
consists largely of feldspar and quartz. Approximately one~half of

this is oligoclase (Ang,), one-guarter orthoclase, and one-quarter
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quartz. These minerals occur as clear grains, whiech are roughly equant
to slizhtly elongated, Os4 t0 046 millimeter in average diameter, and
contain poikiloblastic inclusions of sphene, apabite, and biovtite., Mage-
netite is the most abundant of the minor minerals., It oceunrs as euhedral
grains as much as 1.2 millimeters long, and as dust and specks along
cleavage lines in the biotite., Some grains are partly altered to hematites.
Bphene and apabite have formed feirly numerous idioblastic erystals as
much as 0.5 millimeter long, which are included in the other minerals.

The perphyroblasts, which compose 15 percent of the rock, are mostly
olizoclase, but some sre orthoclase, and microcline, They form "eyes"
up to 5 millimeters in diameter, which are xenoblastic to roushly recw-
tangulaer in shape, heve highly irregular borders, and are intergrown
with the adjoiring mineralse The feldspars are uniformly elear, with
unoriented small and large inclusions of the graundmass minerals, notably
biotite, Only one crystal shows spote of alteration to sericite, The
nature of the inelusions, as pointed out by Goodspeed &g/, nlug the
clarity, and stages of growth represented by emall and xenoblastic, to
larger, rouchly idioblastie crystals, are indicative of true porphyro=
blasts and not reliet grains or phenoerysts.

The original nature of the schist cannot be determined conclugively.
The roek oceurs in a crystalline schist seyies derived partly from sedis
ments on the one hand and partly from what are believed t¢ have been maﬁ%c
igneous rocks (now hornblende-Riopside sechists) on the other, The gen-
eral composition of the biotite schist ig such that it may represent
elther sediments or lgneous rocks. EZ/ Furthermore, the preseat come
position very likely is partly a result of subtractions and additions of

material during metamorphism. The layers are narrow and unversally in
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intrusive igneous surroundings, and a certain amount of metasomatism
would be expected, However, it is believed that the biotite sehist
probably represents former argillaccous sediments which were intere

bedded with thin sandstones and mafic volcanic rOocKs,

HORNBLENDT-DIOPSIDE SCHIST AND AMPHIBOLITE

Distribution and Surface Bxpression -=- Somber-hued layers of horne

blende-diopside schist mele up the bulk of the crystalline schist series
and occur throughout the Cerbat Complex. They vary Ifrom a few inches

in width to layers over 400 feet scross and in places are several miles
long, Thieck representative leyers are abundant in the lower slopes

of the Chloride district. ‘

The rock is resistant to weathering and eromion and tends to dee
velop distinet low ridges and tabular outerops. A good example of the
latter can be seen east of the Johnny Bull elaim, where low “"gravestoneg"
Jut out from the hillside. One lerge mass of sehist, along the east side
of Tennessee Wash, has formed a black butte that rises 350 feet above
the wash and serves as & landmark that is visible for many miles (see
Pigure 5).

Petrozyanhy and Origin «= In fresh specimens the sechist ranges from

grayish black or greenish black %o medium gray. A apeckled or banded
appearance is common, from an alternation of lisht and dark minerals.

The sehigt characteristicelly weathers to & moderate or 1isht brown,

Yost specinens are fine~grained with varying degrees of acicular schighe
osity, but patehes of the rock are massive, either fine or coarse grained,
and ere best dermed amphibolites. leny exposures contain narrow stringers
of pegmatite, which are digposed in small folds (see Figure 4) or in

erenulatod and contorted ptycmatic petterns. Presumably all of the sehigts



Figure 3 ~~ View north along Tennessee Wash, showing
large mass of hormblende schist. Dump of
Sehenectady mine in center of picture,



Flgare 4 == Smell folds in hornblende sehist,
Road~cut along crest of ronge, approximately
1/4 mile southeast of Summit mine.,



have been intricately Tolded, but the effects are not revenled by the ap=
parently simple linesr schistocity,

Under the microseope, the rocks are seen to consist ecasentially of
brown and green varieties of hormblends, ealcie rlagloclase, diepside,
and hypersthene. All gradations exist, from facies containing only
hornblende and plagioclasc to those with only dlopside and plagioclase,
The compositional varieties and their gradotional relationshins are shown

in Teble 2, which was prepared with deta from 11 thin-sectiong,

N

MANTYY €
TADLE 2
AR WY R

Mineral Gamposition‘gg Hornblende-~Diovside Schist and

Amphibolite Suite. rigures in Percent.

Hornblende | Feldsper |Diopside | Hypersthens | niotite Remarks

{Color) (% &n)
80 Oreen | 20 (75) Amphibolite
75 " 85

55 Brown | 45 (55)

50 ® 50 ( ’} PI" oaent

20 Green | 80 (70) Prosent

60 Brown | 35 (50) 5]

35 b 35 (45) &

20 s 35 (50) Present 45 Present

20 Gpeen | 10 (ea)| ' 12 7% Sphene
50 (82) 45 5

70 Prown 10 15 5 Amphibolite

The two colors of hornblende are matually exelusive in any one specimen,
Both have strong pleochrolsm whers unaltered, In the brown type ¥ 2 nale

yellew, Y % lizht brown, and 2 % light greenish brown, In the green type
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X = clear yellow, ¥ = bluish or brownish green, and Z * blue green,

The average composition of the feldspar is Aneo, with a range from

Angg to Anyxe The diopside is colorless, has weak dispersion, and

ZnC = 35 to 40 degrees. The hypersthene, in both observed instances,
has only weak pleochroism, in which X #® reddish yellow, Y = pale yele
low, and Z = pale green. Minor minerals are magnetite, apatite, sphene,
and biotite, though the latter, as shown in Table 2, can occur in
moderate proportions,

The average grain size is 0.5 millimeter or less; however, poikilo=
blastic erystals of hornblende,diopside, or hypersthene occur as plates
measuring ag much as 5 by 10 millimeters, giving a distinet porphyroe
blastic texture, Inasmuch as the series ranges from schist to amphie
belite, the textures include everything from mematoblastic to granoe
blastic patterns., Tension cracks, perpendicular to the schistosity,
are abundant in the nematoblastic varieties.

Specimeng commonly show little alberation. Secondary products
formed from hbrnblende, however, inelude chlorite, magnetite, biotite,
and epidote, whereas fibrous uralite (actinolite), chlorite, and mage
netite were observed as products of déopside. Secondary products
after feldspar are sericite, calcite, epidote, zcisite, and clay mineral.
Hematite and limonite have formed from magnetites.

The rocks that contain contorted stringers of pegmatite are similar
to those that do not, The only observable difference, aside from the
veinlets, is the presence of isolated grains of cuartz, orthoclase,
and mierocline in the usual assemblage of hornblende, plagioclase, and
pyroxenes The veinlets themselves, which are characteristically a few
millimeters wide,are alse composed of quartz, orthoclase, and micro-

cline, 1In the thin section examined, quartz is most abundant (90 percent),
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with orthoclase and mierocline about equally divided. Much of the felde

spar is microperthitic, and the quartz contains numerous strings of tiny
inclusions. The grains have an average diameter of 046 millimeter and
are irregularly intergrown, both with themselves and with included and
bordering hornvlende end plagioclase., Host of the grains show faind
undulatory extinetion,

It is possible for rocks of this general nature to be derived from
chloritic, caleareous sediments 18/, but the cormon source of hornblende
schists end amphibolites is mafic igneous rock 19/ Buddington has dese
eribed amphibolites with the same mineral assemblage (labradorite, diope
?side, hypersthene, hormblende) derived from gabbros in the Adirondack
complex of northeastern United States 20/. In the Cerbat complex the
hornblende schists ocecur in narrow, tebular bodies, which undeniably
are elements of folds. Therefore, the original rocks are believed to
have been basaltie flows or tuffs, It is concelvable, of course, that
gome oy all of them may have been sillelike intrusions in an original
serieg of sediments, An extrusive origin, however, is in accord with
that attributed by Campbell and Maxson to similar amphibolites that oceur

in the Grand Canyon, whieh display relliet pillow structures 21/

GRAPHITE SCHIST

~ Schrader mentions a graphite schist, occurring between Mineral Park
and Stockton Hill 28/, and a specimen of grephite schist was donated by
lr, Lyon XKay, of Mineral Park, who stated that it had come from the east
side of the Cerbat Range. The sraphite, though rare, is an indication
of the presence of carbonaceous maberial in the original rocke of the
Cerbat complex.

The specimen received from Mr., Key is derk silvery gray, with a well

developed lepidoblastic textﬁreg Microscopically it is seen to contain

35 to 40 percent graphite, which oceurs as abundant mieroseopic inclu=-
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sglons and as ragged lamellar erystals as much as 0.2 by 0.8 nillimeter
in section. The crystals are oriented in a schistose, slightly crenue
lated pattern. The balance of the rock consists of about 25 percent
orthoclase feldspar, 25 percent cordierite (?) and 10 nercent quartz,
All three of these minerals are irregular in chape though elongated,
average 0.3 by 0.5 nillimeter in size, and are highly poikiloblastic
vwith graphite inclusions. Some of the orthoclase is mieroperthitic.
Minor minerals are apatite and sphene. The roek has heen selectively
altered, for the orthoclase is clear and fresh, whereas much of the
cordierite has changed %o pinite (?)s Stringers o limonite occur along

gome of the cleavage planes in the rocke.

HIGUATITE

Litepar-lit Gneigs FPhase

Distribution -= Lit-par<lit gneiss, like the crystalline scéhiste,

is distributed throughout the Cerbat complexs Outerops showing dise
tinctive streaked patterns very in width from a few feet to more than

50 feets The bodies are tebular and may extend longitudinally for hundréds
of feet but are discontinuous and typically have indistinet centactes

All are steeply dipping to vertical in attitude, The rock is ordinarily
registant and may form bold outcrops that stand as much as 10 to 15 feet
above the surrounding country.

Petrography and Origin -- The gneiss is medium gray in general hue,

and weathers to a noderate brown. It has been formed by the injection of
sheets of aplitie and pegmatitic grenite into bodies of biotite and
hornblende schist, producing an alternation of dark and light bands, (see
Figures 5 to 8).

The dark bands are composed in part of the minerals previougly dese
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¢ribed as present in the schists, namely biotite, orthoclase, microw
eline, oligoelase, and quartz for the blotite schists and hornblende,

iotite and caleic plagioclase for the hornblende schists, The minor
minerals magnetite, sphene, and apatite are also present, but noe pyroxene
wag observed in the specimens exanined, The presence of biotite in the
hornblende sehists that are now part of a lit-par-lit rock is probably
essential, for a completely acicular schist would not be susceptible to
sheet injeetion., In sddition to the above minersls, plnk almandite (%)
garret is commonly presente In one specimen, from an outerop just east
of the Tennessee mine staffhouse, an cmerald green garnet (uvarovite?)
oceurs, as well as almandites The specimen is further distinctive in
that it conteins mbout ¥ pereent sillimanite. The sillimenite is pre~
gent principally as the variety fibrolite, in elongate masses of inter~
lascing needles, intergrown with biotite, garnet, quartz, snd feldspar.
Small petches of £ibrolite were observed in other specimens, but on the
whole the mineral is rars. Vé&ing gquantitiss of the invading granitie
material are interspersed with the cther minersle in the dark bands.

The lisht bands typieally contain 50 percent or more of guartz,
and varying emount of orthoclase, microcline, and godic plagioclases
Mefic minercls are completely lacking in the central portions of the
wider bands, Undulatory extinetion in quartz and curving tw; lamellae
in feldepar =re common, and many specimens show some crushing and granuw-
lation of the larger graing, Huch of the feldspar is nieroperthitic.
Some of the bands ave fine grained and aplitic in texture, and some are
pegnatitic. Graphic intergrowthe of quartz and feldspar occur in places.
Poth light and dark bands vary in width from a fraction of a milli-

meter to more than ten centimeterss The licht bands in places pinch

and swell irpegularly, and the dark bands follow their confisuration
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Figure § == Litepar-lit gneiss, just west of road
to Clay ranch, and 3/4 mile due north of
Arizona Megma mine. '
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1760 6 == Seme
Figure ‘é'lee Litepar-lit gneiss
ﬂlity as Figum Ba )
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Figure 7 == Litepar~lit gneiss in north side of Cerbat
Canyon. T 228 N, R 17 W, west center section 8.

Figure 8 == Litepar-lit gneiss. Seme locality as
Figure 7.
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{see Figure 7)., Some dark bands are interrupted or fade out in places
put continue after an interval. This Pesature of disconbtinuity is present
poth nieroscopieally and in field relations, The contacks of many bands
appear sharp in hand specimen, though the border minerals always Interlock,
whereas some contaets are hazy and indistinet., All degrees of transition
exiet belween bands of aplite or pegnatite and sehist, and thorough mixzw
ing has produced many nerrow layers that cannot be distinguished from the
granite gnelss that fomis the bulk of the Cerbat complex. The fisld bounde
aries of the ecxposures of lit-par-lit gneiss are of similar transitionsl
nature.

Ptygmatic folds are always present in the pegmatite and aplite sheebs,
These folds show the usual characters of extreme contortion, lack of
correspondence in form with the fabrie of the enclosing schist, lack of
eompetence, and absence of correlation between forms amssumed by different
layers in a single outerop or speeimen, Difference in form ig well de~
monstrated where a contorted layer exists adjecent to reélatively straight,
undeformed sheets. 7There seems to be a uniform trend to the sxial planes
of the folds, roughly parallel to the foliamtion of the host rock,

The folietion of the lit-par-lit gneiss is, in all observed exposubes,
conformeble with the structural grain of the region, Nothing was seen to
indicate that the attitude of the invaded schists had been disturbed,

All the asbove features are strikingly similar to those described by
Fenner for pre-~Cambrian injection gneisses in northwestern New Jersey §§/,
Pennerts analysis of the mede of origin of these gneisses is believed
to apply equally well in the Chloride quadrangle. This rodd is one of
active invasion by a highly fluid silieic magma. The magma entered among
the layers of a foliated rock in a quiet manner, cauging no violent dige
turbance of the attitude of the folia. The host rock was impregnated and

somewhat softened by an "advance dilute portion" of the magma, which
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facilitated the irjection process and initiated transformation of much
of the invaded material,

Other Composite Cneiss Phases -~ A detailed consideration of the

possibility that mueh of the gneiss, both granitic and mafic, may be
migmatitie instead of magmatic in origin will not be attempted. In
the lit~par-lit gneisses all degrees of transition from schist bands

to granite gneisg océ}, The clasgsification of the latter ss a con~
posite rock, formed by proecesses of netasomatiom and magmatic injection,
is valid, at least for the areas whefe such gradational relationships
existe @hether exbrapolation may be applied, and a einilar mode of
origin assumed for gneisses that look the same but lack exposures showe
ing gradation, is largely a matter of opinion. It is believed that a
large amount of the gneiss, perbaps 50 percent or more, is nizmatite,
whereas the balanee represent "normal® magma.

In support of this view is evidence that there ave at least two
distinet ages of gneiss. For example, along the erest of the range in
the Summit mine area, thin septa and lenses of flne-grained gray gneiss,
which are transitional with layers of hornblende sehist, are surrounded
and cut by & later medium-grained gneiss. The sharp transgressional
boundaries of the latter are taken to indieate that it is an igneous
or orthogneiss, whercas the former is apparently a migmatite derived
from hornblende sehist, Repetitions of these relationships oceur
throughout the ranges

A suggestion that migmatite is present in lerge amount is pre-
sented by the numerous areas where granite gnelss is btransitional with
lavers of scbist and litepar-lit gneiss, This is illugtrated in the
hizh mountein slopes east of Chloride, where grarite gneiss composes

at least 90 percert of the rocks yet rarely continues for more than
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a few hundred feet without grading into discontinucus septa of biotite
and hornblende schigt or patches of lit-par-lit gneiss.

The presence of ptysmatiec folding in aress of granite gneiss is
thought to indicate migmatization, This feature is well exposed in a
road cut along the crest of the range in the east center of seetion 5,
T2EN, R17W. As shown in Figure 9, highly contorted pegmatite veinlets
exist in what otherwice appears to be & simple granite gneiss, The
walls of the veinlebts are distinet, but the border minerals interlock
with the minerals of the gneiss, The axial planes pf the folds are
roughly parallel with the foliation of the roclks

An argument which could be used to uphold widespread mignstization
is that throughout tha Cerbat complex the foliation in the gneisgses is
gonformable with the texturel end structural grain of associated schists.
Undoubtedly some of this foliation has been inherited from previous
schists, However, emplacement of intrusive rocks has been laflusnced
by pre~existing structure and any floww-banding should be conformable
to this structure., Furthermore, uniform directional stress apparently
exigted prior to, during, and after intrusion of most of the igneous
rocks in the complex, and foliation produced by it would likewise para-
llel the regional trend, Granitization, in the sense that it is synon=
ymous with ﬁigmatization 24/, has seemingly been of ccnsiderﬁblé‘1m~
porbunce in the formation of a large partion of the Cerbat complex,
However, even with extremely detailed study, precise resolution of areas
of granitization and areas of purely igneous gneiss would be diffieult,

if not impossible,

MYLONITE

Digtribution -- "In view of the often complex tectonic operations
with whieh regional metamorphism is closely conneeted, it cannot be sup-
posed that shearing stress merely sulfers, like temperature. a stedd:
deeline., Rabher must we expect incidental revivals of more or lesg ine
tense shearing stress, recurring, it may be, at various stages of the
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Zigure 9 ~=- Phygmatic folding of pegmatite
veinlet in grenite gneiss. Road cut
east center section 5, T 22 N, R 17 W.
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continued fall of temperaturev,

The shove generalization by Harker 25/ is well borne out in the
Cerbat complex, where effects of continued stress are visible in the
mierostructures of hoth metamorphie and igneous rocks, Intense, local
shearing is evidenced by zones of mylonitic rocks, which were observed
ot many widely seattered points in the complex, Examples are exposed
just southwest of the Arizona Magma dump, in the Boulder Dam c¢laim, at
the Tovme mine, south of Mullen ranch, and in the saddle of the ridge
in the extreme southeastern portion of the quadrangle. In all places
the mylonite has a northeast trend, parallel with the general structural
grain. The zones vary from a few Teet to 10 or 12 feet in width, They
have no distinet borders but pass zradually into the surrounding gneissose
or schistose rocks.

Petrogranhy -= In hand sreecimen the mylonites are greenish gray

to dark gray and appear much like a norphyroblastic slate or phyllite,
They are ecither massive, or {inely laminated, In some places slickenw
sided surfaces exist, Augen of feldspar are commonly present, renging
in size from barely visible specks to lentieular erystals over an inch
long., The larzer grains were observed where pegnatite vednlets seemed
to be part of the pavent rock,

Under the microscope the effects of inbense shearing and erushing
are reflected in dark laminae which are composed of mineral aggregates
g0 fine-grained that they are sometimes not resolvable under highest
magnification. Where identification is péaﬂible, the minerals are seen
to be principally sericite and chlorite, with some epidete, quartz, and‘
feldspar (probably albite). Interleaved with the dark bands are aggre-

gates, lerticles, and stringers of gquartz, typieally inter-crystallized
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with small erains of orthoclase, Sinuous, pinching and swellinz bands
of quartz, with uniform opticsel orientation over distances as great as
2 millimeters indieate flowage and reerystallizations Augen of niero-
perthitic orthoclase are numercus and augen of microcline occur in some
gpecimens, The everage length of the erystals is 1 to 2 millimeters,
They are typlcally ellipsoidel and are enclosed and wrapped by the finely
granular bands. The interiors may be strongly fractured, and the borders
are always crushed and granulated. In addition to mieroperthite, myrme-
ite and inclusions of biotite and oligoclase were noted in some dR the
augens All the auren seem to be reliet grains of previous rocks and are
affected by cataclasis but not by reerystallization. Other reliet minerals
observed are tiny greins of almanndite garnet, scattered sparsely along
one or two laminas of a specimen, occasional flakes of blotite, and a few
erystels of sphene. These are anomalous minerals, as they are hichesmde
retanorphic products, @xisting in roecke which have suffered extrens
catacldsis with aceompanying recrystallization to the low-grade mineral
assemblage sericite-chlorite~epidote. On the besis of their retrogressive
metamorvhice character, the mocks may appropriately be elassed as phyllonites
{phyllite mylonites),

Aze == The localized intense shearing and the resuliant zonss of
mylonite are assigned to the pre~Cambrian. This is based esgentially on
the nepative evidence that wide mylonite zones were ohaerved to cecur
only in the areas of the Cerbat complex. Inasmuch as a gap in'the geonlogie
record, involving probably all of the Paleozolc and Hesozoie, exists in

the area, this is a tenuous assigament, but the best that can he nedes

CONDITIONS OF METAMORPHISH

The mebamorphie rocks of the Cerbat complex have svolved through

the asction of several motasorshic processes, The chief causes have been
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orogenic forces and plutonie igneous intrusion.

The first major phase of metamorphism was produced by orogenesis,
with strong directed pressure and probably much heat of geothermal and
mechanical origin, Originally layered rocks were squeezed into large
folds and recrystallized to form a series of crvstalline schists. These
dynsmothermal effects encompass and extend beyond the area studied and
the action may be termed "regional® metamorphism. The essential chare
acteristics of the erystalline schists are believed to stem from these
early effects,

A second phase of intensive mebamorphism was imposed through igneous
intrusion, whiech appears to hsve followed elosely or to have been cone
comitant with the last stages of orogenesis. The intrusion was chare
acterized by injection phenomena and the production of migmatite. The
netamorphism attributable to it is classed as "plutonie®, ¥ollowing
Turner!s definition, this means essentially deep-seated reglional metae
morphism, at high temperatures and nressures, accompanied by deformation
and characterized by me@asomatism, infiltration, and injection pheno-
mena derived from igneous intrus ion 26/.

Using the concept of metamorphie facies 87/, the grade of metas
morphigm that evolved under these combined dynamothermal and plutonic
conditions can be determined. The hornblende-diopside schists and
amphibolites provide the critical sensitive mineral assemblage needed
to indicate the grade. A broad classification can be made on the basis
of the occurrence together of hornblende and calcic plagioclase, This
amphibolite facies embraces both medium and highe-grade regional neta-
morphism and corresponds in general to the sillimanite, kyanite, stauro-
lite, and, in part, the garnet zones of the Scottish Highlands 28/,

A more precise definition ig glven by the occurrence together of plagiow-

clage~-hornblende~diopside~hypersthene, which is indicative of high-grade
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regional metamorphism 29/. This assemblaege represents a spec¢ial highw
grade subfacies which not only cen be assigned to the amphibolite facies,
but which has characteristics of the gramulite facies. It is analogous
with a mineral assemblage in the Archean rocks of the Adirondacl complex,
where intense regional metamorphism has been accompanied and aided by
injection of granitic batholiths g@/. It also corresponds to the
sillimanite zone of regional metamorphism. In connection with this,
the previously described lit=par~lit gneiss that contains the assemblage
sillimanite~almandite~orthoclage is noteworthy.

No conclugions ecan be drawn as to the evolution of the nigmatites,
Hechanieal injection of pegmatitic and aplitic materisl is indicated in
the lit-par-lit forms, and megmatic soaking and impregnation of the host
rocks probably preceded and accompanled injection. The source of the
pegmatite and aplite is obscure, They may have been of igneous origin,
but their production by differential fusion (anatexis) is perhaps more
likely, becamuse the pegmatite and aplite sheets cannot be correlated
definitely as differentiztes of aﬁy adjacent large intrus ion, The
anomalous appearance of pegmatite and aplite, as the Tirst plutonie
products in the Cerbat complex, is more easily explained as a function
of differential fusion than of late differsntiation of a hidden batholith,
considering the presumably great depth of ervosion of Archeen terrains,

Deformation anpears 40 have continued from the early phases of
metamorphism, through the plutonie stages, and even to have outlasted
the crystallizaiion of the igneous rocks, thereby resulting in retrograde
motamorphismes The existence of contimued stress during the injection
of magma is suggested by the ptygmatie folding in the migmetites. There
is correspondence between the outlines of the folded igneous layers

and the trend of schistosiby in the host rock, which implies injeetieon



40,
under conditions of active deformation, and signifies that orogenic
folding was not yet complete at the time of first magmatic intrusion,

Retrograde Metamorphism -~ In regionally metamorphosed rocks

retrogressive changes may be brought about by deelining temperatures
and by variations in stress, producing both mineralogical and struce
tural modificationss Both types of change have affected the metae-
morphic rocks of the Cerbat complex, but the effects of stress far oute
weigh those of temperature,

Ignoring near-surface changes due to weathering and restricted
alteration caused by hydrothermal sulfide mineralization, only a few
mineralogical changes can be attributed solely to deeclining temperature
at depth. These include small amounts of chlorite developed from garnet
and biotite, amphibole from dlopside, blotite from hornblende, distinet
erystals of zoisite and epidote from plagioclase (rather than hydr04
thermally produced obscure graing in ssussurite), possibly some sericite
from potash feldspar, and much mieroperthite in orthoclase and microeline,
The exsolution of albite is the most common mineral change,

Structural changes are much more in evidence. Contimation and
perhaps intensification of shearing stress during the gredual decline of
temperature, has left its widespread mark. Cheracteristic features are
fractures and displacements in garnet, vyroxene, and hornblende, granu=
lation and crushing of the component grains in the rocks, especially
gquartz and feldspar, undulatory extinction and deformation of twin lamellse,
the presence of sheared "augen" in many gneisses, and extreme: comminution,
giretching, and milling in the mylonites. The mylonites are the best
examples of well-developed retrogressive metamorphism, for in them
intense deformation has been accompanied by miperalogleal roconstitution

from a high-grade assemblage to one conteining the low~grade minerals
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chlorite, epidote, scriciée, and albites

INTRUSIVE ICIEQUS ROCKS

GRANITE GNEISS

All the granite gneiss in the reglon is discussed under this heading.
It should be kept in mind, however, that granitization or mismatization
is believed to have been widespread, and that many of these rocks may

actually be composite in origin,

Digtribution and Surface Expression -~ Granite gneiss is the prine
eipal consiituent of the Cerbat complex and accordingly is the most
abundant and widely distributed rock type. It forms massive rugged sur-
faces, with individual evosional shapes tending toward spheroids or
ellipsolds. Where jointing is strong, sheerewalled bloeks and columnar
crags have developed.

Petrography -- The rocks are characterized by diverse texture and
structure but relatively uniform composition. ZExposures exist that have
no obvioug gneiseic banding, but these are in the minority. The majority
show every range from faintly banded tipes to flaser greisses with welle
dewdoped "augen" of feldspar. Aside from phenccrysts (or porphyroblasts
oy porphyroclasts, as the case may be) which reach more then 3 cenbimeters
in length, the rocks are predominantly fine grained (grains less than
3 millimeters). The granmlarity is rarely uniform, different degrees
of porphyritic texture being the rule, MNost specimens are light to
mediun gray when fresh, but some are pinkish gr.y and others light bluish
grays The weathered surfaces ave ordinarily light brown to moderate
yellowish brown. Segregations of biotite as much as 6 millimeters in
dianmeter give & specitled appearance to many specimens.

Undex the microscope, the diversity of texture and structure is even
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more maried. ost of the gneiss has been cataclastieally deformed, and
the component minerals are éurrounded by a microcgpystalline mosaic of
erushed grains., However, some specimens have strong gneissic banding
but show no erushing or granulation. In the eataclastically deformed
rocks undnlatery extinction and curved twin lanellae qomplament the
"mortar? structure. Recrystallization of the arushed‘;aterial is orde
inarily not advanced, but in some sveeinens myrmekite’saems to have
developed under the influence of stress, and gramlated quar%% shows
solution and recrystallization to an interlocking patternf |

The principal mineral ls orthoclese, which oceurs in guantities of
50 to 70 percent. In large graines it is characteristieally pcikilitie
{or peikiloblastie}, with inclusgions of one or more of the minerals
quartz, akblte, biotite, apatite, and oligoclase, In most specimens
mierocline is present in proporbtions of 10 to 15 percent. Both these
potash feldspars are typically mieroperthitic, Oligoclase (average Anog)
agcounts for O tc 10 pereent and quartz 10 to 20 percent of the rocks,
The only charecterizing mafic mi&ar&l which appears consistently is
blotites This oceurs as fresh, dark brown to greenish brown flakes, in
vantities averaging 4 barcant; In pot uncommon assoeistion with the
biotite, and produeing strong pleoehroic halos in it, app orystals of
allenite, A few gruins to a few percent of green hornblende, and some
sodic andesinae, were observed in some darker colored granite gnoisses.
Transitional borders with nearby bodiss of sehigt point to a mizmatitie
origin for some of these varieliess

Minor accessory minerals are scattered grains of apatite, sphene,
magnetite, and zircon., Secondary minerals are nefligible. Those obe
served are chlorite and magnetite farmed‘rrnm blotite, sericite from
orthoclage and nicroeline, and sericite and caleite from oligoclase.

Origin -~ It has been emphasized, in the discussion of mignatite,
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and at the hend of this section, that the gneisses may be of either
composite or igneous origine. If the belief that the two types are
present in about cqual proportions is reasonable, their widespread
occurrence indicstes that the ignecus nmenbers represent an intrusion
of batholithie preportions, which has engulfed, assimilated, displaced,
and mignetized lerse quantities of schist.

The gneigsic structures are of complex derivebtions Some of the
foliation has been inherited from schists, some provably represent
flowaze conbrolled by structures of the intruded roeks, end sone may
be due to crystelliization under directional stress. Superimposed on
these ig cataclastic deformation, which hesg emphasized the foliation
et times, and which in places may have been the sole rasponsible agent.
This later shearing, while lncalized in intensity, was parallel with the
already established shtructural trend and did not produce any noticeable

discordant features.

MATIC GAEISSES

Mafic varieties of gneiss are included under the category of ig-
neous rocks with less assurance than in the case of the granite gneisses,
No large exposures oceur, but examples are abundant throughout the areas
of the granite gnelsses. The chances are that mogt of these mmall igo-
lated bodies ere composite rockse On the other hand, some might be
mafie sesregatione of magma, Several distinetly tabular hodies could
represent either migmatized schigts or intrusive sills,

Patrography == The rocks are medium to dark gray and weather 4o
a moderate brown. They are Tine to nmedium-grained, may be gxanular
massive, but usuelly show faint if not stroqg gneissic banding, Tonae

lite and quartze~sabbro were determined under the microscops,
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Quartz-cabbro veriety (Rankin Tunnel dump) -- This rock has a

porphyritie, hypidiomorphic gramlar - texture, with an average grain size
of 1} millimeters. labradorite (An,,) makes up about 60 percent of the
roeck, The labradorite oceurs in two sizes, one as saussuritized phano=
erysts (?) 2 to 6 millimeters long, and the other as fresh grains, 1 to
2 millimeters long, in the groundmasse. The gmaller grains are partly
sericitized but otherwise unaltered. The only additional felsic conw
stituent is clear quartz, in the proportion of © percent, whieh oeccurs
as anhedral, interstitial grains about 0.5 nillineter in size,

Biotite, highly pleochroic from dark greenish brown to light
yellowish brown, and brownish green hornblende are present in guantities
of anproximately 15 percqnt each, in grein sizes of 1 to 2 millimeters,
@imilar sized crystals of pale green sugite (ZAC = 52 degrees) compose
about B percent of the rocks IMuch of the augite is altered to fibrous
uralite and chlorite, Magnetite is present, especially on the ends and
alonz the cleevages of the biotite, Numerous tiny crystals of apatite
and a few grains of zlircon occur as accessories, |

e anomalous quartz has apparently been derived from a ped of
granite pegmatite, which oceuples one corier of the specimen.

Tonalite variely {¥ew loon mine area) == The texture in this speci=

men is hypidiomorphie gramular, porphyritie, with distinet though erude
gneissie structure, Fhenoerysis {?) 1.5 to 5.0 millimeters long, mostly
of sodiec andesine (Anﬁg}, but gsome of guartz and orthoclase, meke up
about 60 percent of the rock, The other 40 percent is groundmass, with
grains about 0,6 millimeter in average gsize, OF these, andesine mekes
up 55 percent, orthoclase 5 percent, quartz 10 percent, biotite 25 per-
cent, and ﬁ%arsthene 5 percent, with a few scattered grains of miero=-
cline, ‘The orthoclase and microcline are vartly microperthitic and in

places have growths of myrmckite, Mueh of the quartz has undulatory
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extinetion, but there ame no crush structures, The most ahundant minor
aceessory is magnetite. Apatite needles are numerous, and sphene occurs
sparingly. Zirecon is included in some of the blobtites
“geondary products are minor but inglude sericite and kaclin affer
the feldspars, maznetite and chlorite after blotite and hyversthene,

and some bastite afber hypersthensc.

DIANA GRANITE

The Dians granite is a unit of the Cerbat complexe. It is & coarsee
1y porphyritic intrusion, which was mapped separately in the Chloride
digtrict, Other porphyritic granites ocecur elsewhere, notably along
the east side of the range. They ave similar in general appearance and
might be mapped as correlatives if detsiled work were applied to the
entire quadrangle., The neme Diana granéie is proposed, after the Diana
(Arizona Magma) mine which occurs approximately in the center of the

mapped area,

Digtribution and Surface Expression -~ The area occupied by this
coarsely porphyritic body is in the central part of the western hélf of
the Chloride distriets It is roughly circular, with a diameter of aboub
1-3/4 niles, In an eastewest direction it extends from Silver Hill to
a point one~eighth of & mile from the western boundary of the quadrangle.
To the north it is sharply defined against schists and fine-grained gnelss
half & mile south of Clay ranch., To the south it is capped by alluvium
and dissppears just beyond State Highway 62.

The medium to coarse-grained texture of the rock makes it partie
cularly susceptible to weathering and ercsion. 7This, together with the
fact that it is located along the base of the mountain range, has con=
t#ibnted substantially to the development of a nediments The effect
has been so marked that the pediment reflects the distrg%ﬁticn of the

rock, forming a reentrant into the mountains which outlines the dimensions
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of the body. (See Figure 10) The surface is essentially flat, sloping
gently to the southwest, and it blends insensibly with the overlanping
alluvium, The pediment is subject to interruptions only where isolated
septa or pendants of more resistant older schist and gneiss oceur, A
few more resistant portions of the Diana granite have yielded spheroidsl
boulders, but these are infrequent.

Relations to Other Rocks ~= The emplacement of the Diana granite

was a fuhction of the distribution of the crystalline schists, for the
granite fills the core of a large northeast-pitching anticline and is

virtually surrounded by steeply dipping layers of schist, gneiss, and

pegmatite, Broadly, and many places in detail; its contacts with the

schist and older gneiss are distinet, However, in places interaction

and apparent assimilation have taken place, producing narrow zones of

compogite rocks. In some border schists, intimate sheet-injection was
observed that seemed to stem from the Diana granite.

One thick septum or pendant of schist and gneiss, 1% miles long
and three~sixteenths of a mile wide, occurg in the eastern portion of
the intrusion and forms a distinetive ridge in the otherwise uniform
surface. Obher discontinuous bodies of older rock are scattered through
the granite, but the largest of these is only 200 by 800 feet at the
surface.

The Diana granite is cut by moderate amounts of pegmatite and has
served as host for numerous younger mefic and silicie dikes, Along
part of its western border it is in fault contact with a series of Tere
tiary extrusive volcanic rockss

Petrography -- The rock is medium gray on fresh fracture and weathers
to a light or moderate brown, Many of the outerops show weak foliation,

and some exposures are highly gneissic or mylonitice The texture is
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Figure 10 -~ Flat pesdiment surface developed on
Diane grenite. Calico Peak in background.
Arizona Magme mine left center. View
looking north.
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porphyritie, with a medium-grained groundmasse.

Tabular, slightly embayed orthoclase phenoerysts make up about
20 percent of the rock, Most of these phenocrysts are 1 to 2 centimeters
long, but some measure as much as 5 centimeters. The ortheclase is
poikilitic, containing small inclusions of chloritized biotite and ninor
amounts of tiny quartz blebs. The phenoerysts are typically microperthitic,
with heir-like stringers of albite.

The average grain size in the groundmass iz 2 millimeters. Forty
pereent of the groundmass consists of orthoclase, whiech is mieroperthitic.
Some slight alteration to sericite and kmolin has taken place in the
orthoclase, and small patches of myrmekite oceur on the borders of sone
cerystals, Hicroellne acecounts for 30 percent of the groundmass, while
clear quartz makes up 15 percent. Under crossed nicols some of the
quartz digplays strong undulatory extinetion, and a cataclastic "mortar
structure" is present in some specimens. Ten percent of the groundmass
is composed of oligoclase (Angx). An early generation of oligoclase,
which erystallized prior to orthoelase, is thoroughly saussuritized,
Whereas crystals that formed at about the same time as the orthoclase
are comparatively fresh., The rest of the groundmass is composed of wisps
and shreds of dark brown blotite. Much of the blotite has altered to
green chlorite, with the release of abundant granules of megnetites
Apatite, sphene, and zircon occur as additional accessories,

Origin and Ave -« Various features suggest a plutonic igneous ori-
gin for the Diana granite. Its relative purity, contrasted with the
heterogeneous and thoroughly nized areas of schist and older granite
gneiss, is one feature. Its control by pre-existing structure, with
limitation to the cofe of an antieline, is another. Perhaps the most
indicative is ;ts igneous texture, particularly the large phenoerystse

These, though ﬁaikilitic, do not contain wholesale inclusions of all the
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other minerals, such aé ogcur in the poikiloblastic "sieve" pattern
g0 characteristic of metamorphic rocks.

The strongly greissic phases are not abundant and seem to have
formed in response to the same localized post-consolidation shearing
stresses that were imposed on the rest of the Cerbat complex. HNylonites
in the Diana granite have the same northeast trend as those elsewhere.
Cneissic structures at and parallel to the borders of the 1ntrué:ion are
eclassed as flow banding,

The age of emplacement of the Diana granite seems to be later than
the Pormation of much of the Cerbat granite gneiss on the basis of 1ts
discordant relations with bands of granite gneiss that sre interleaved
with schists. Its inclusion in the pre-Cambrian, with the other members
of the Cerbat complex, is warrented, so far as direct evidence goes, only

by the lack of any better determination.

PEGUATITE

Digtribution ~-~ In addition to the pegmatite layers that are part

of the migmatites, dikes of all siZes are numerous in the Cerbat complex.
These range up t0 masces as much as 600 feet wide and a mile or more
long, and their distinetive outerops are often discernible from a dig-
tance of several miles. Large while pegmatite bodles are particularly
well displayed in the limbs of the large anticline in the Chloride dis=-
triet. Here they have been injected as sill-like masses between layers
of darl schist and stand out in a sharp contrast of colore. The patiern
in Calico Peak is a good example of this (See Figure 11)¢ In addition
to dikes or sille, some pegmatites are in the form of irregudar lenses
and pockets. Pegmatite is common in the walls of the gquartz-sulfide
veins.

Petropraphy == The pegmatites are of simple granitic composition.
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Gray to milky quartz composes 30 4o 40 percent of the rock, with the
remaird€T made up of orthoclase and minor smounts of light bluish
gray microcline. Hicroperthite is well developed in the feldspars,
Small amounts of sericite and kaolin are present as alteration products,
A wide range of granularity is present, with some erystals as mueh as
4 or 5 inches in size. Many of the bodies, however, are uniform in
texture, CGraphiec intergrowbhs of gquartz and feldspar are nunerous,
Many dikes display effects of shearins etress waich is shown by undue
latory extinetion and microscopic gramlation in thineseetion and by
negascopic elongation and foliation,

Departures £rom the prevailingly simple composition were noted
in only a few pegmatites, In a specimen from the area just east of the
Alice elaim all the feldspar is oligoclase, which is stwongly anti-
perthitic with stringers and patehes of orthoclase. A dike northwest
of the Dorothy prospect contains a small amount of black btourmaline
{sehorlite) in a graphie intergrowth with gray quartz., Museovite was
observed in several dikes, but on the whole it is rere. Tiny rutile
erystals oceur in some of the muscovite, A mmaell suantity of bervl was
found in pegmatite on the elaim at the south end of the Jim Xane group
31/. At the open pit mine of the Consolidated Feldspar Corporation, on
the southeast slope of Bull Hountain, large masses of quartz and orthoclase
contain small seams and segregations of biotite and rough prismatic
crystals, a few inches long, of black vitreous~appearing gadolinite.
Detailed study of this deposit might reveal the presence of other rare
minerals,

Origin and Age ~- At least two ages of pemmatite are present in
the Cerbat complex. The earlier cceurs as sheets and veinlets in the
litwpar-lit gneisses. It is interpreted as the oldest intrusive rock

of the complex and is possibly a product of differentisl fusion (anatexis).
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1l -= South face of Calico Peak., White
pegmatite interleaved with dark schist
bands, in north 1imb of large snticline,
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Hany of the larger intrusions of pegmatite may also be of this agee

A later sge is attributed to pegmatites that cut the Diana granite
and similar porphyriti¢ granite bodies in the complex. Their posteDiana
age suggests an origin as late products of megmetic differentiation.
The dikes that contcin tourmaline, muscovite, beryl, and gadolinite,
which require volatile "mineralizers” in their formation, probably Le-
long to this later groups Other dikes, lacking such minersls, and whieh
cannot be correlated with the Diana grenite, may bslong %o either age
as far as composition and appearance are concerned,

The interpretation of the pre-~Cambrian pegnatites is complicated
by the fact that some of the dikes in the complex are probably of poste
Jsmbrian age, for the later Ithaca Peak granite porphyry intrus:ian Was
followed by pegnatites that are similaer to the simple granitic types

discussed above,

APLITE
Aplitic phases oceur in the pegmatites, and isolated small aplite dikes
oceur in some places, The preceding section on origin and age of the
pegmnatites is equally applicable to the aplites.

Petrography -~ Textures are allotriomerphic granular, with an
average grain size of 1 millimeter. Crushed, microgranular borders are
present around the grains in some gpecimens, ‘The composition is sitilsy
to that of the simple pegmatites except that microcline and ortlioclase
are more abundant, and quartz is less abundant. Furthermore, many miall
dikes carry 1 to & percent of almandite (?) garnet, occurring as dodew
cahedra, scattered uniformly through the rock. Some of the garnets cone

tain small inclusions of guartz, and many are partly sltered 1o chlorite.

DIABASE DIKES

Distribution == Fine to mediumegrained diabase dikes cut all the
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other rock types of the Cerbat complex. The dikes vary in width from
a few leet to as much as 150 feet, and some can he traced for more than
a miles ZExcellent examples can be seen at the Y-rcules and Nidnight
nines and in the arees just north of the Arizona lMsgme nine. Verticsl
to steeply dipping attitudes are typleal, but three dikes that cut the
ridge east of the Mary Bell mine strike N 40 to 5O éegrées ¥ and dip
at angles of only 15 to 40 degrees B, Disbuse oceurs in onhe or both
walls of many of the quartz~sulfide veins.

Yetrography -~ Fresh speciens are dark srey, and the weathered
forms are light brownish gray to moderate brown. Most of the dikes
have been thoroughly altered either by weathering or by hydrothermal
action, but the roeck is easily igentified in a bhand gpecimen by its
diabasic texbure. The dikes range in gramlarity from very fine-grained
chilled border facies to coarse=grained examples in which the average
length of the feldspar laths exceeds 3 millimeters,

An ezceptionally fresh specimen, from a dike in the north side
of Cerbat Canyon, was exﬂﬁined in thin section. Approxzimately 65 pope
cent of this dlabase consists of labrmdorite (Angg), in the fomm of
evhedral laths 0.2 to 043 nillimeter wide and 1 to 2 nillimeters long.
Anhedral grains of pigeonite (27 = 10 to 20 degrees, variablej ZAC =
38 degrees), in proportions of 25 to 30 percent, are interstitial with
the feldsper laths. The pigeonite grains are as mich as 3,5 nilli=
meters in sizes Assoclated with the pigeonite is 1 or 2 percent of hyper=
sthene, as anhedral grains averaging 1 millimeter in sige. Hagnetite
oceurs to the extent of about 5 pereent, filling interstices and replace
ing the Teldspar and pyroxenes. Some of the negnebite erystals measure
as much as 2 millimeters in diameter. Irresular flakes of biotite are

seattered through the rock, in close assoeintion with magpétite in most
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placess Apatite is abundant as tiny grains and needles included in
the feldspar.

Secondary products in this specimen are minors A few grains of
labradorite are partly altered to a saussuritic nixture of culeite,
epidote, zoisite, albite, and chlorite, the hypersthene is partly al-
tered to bastite, and some of the pigeonite has been pdrtly replaced
by pyrite, biotite, green chlorite, and caleite. Pyrite also has rew-
placed parts of some hypersthene and megnetite gralns.

In many specimens the feldspar laths are both sericitized and
saugsuritized, and the interstitial mefic minerals are completely altered
to fibrous green hornbleﬁde, chlorite, caleite, end epidote.

In seweral places the dimbase dikes invaded fraciure lineg pree
viously occupied by pre~Cambrian pegmatites. Appréciable digestion of
the pegmatite took place and the result was bthe formetion of a pink-
tinted hybrid rocks Clumps of partielly consumed pegmatite, grading
into the general mixture, serve to identify the node of formation,

Age == Diabase was not observed to intrude any rocks other than
those of the Cerbat complexz. On the basis of this relationship it is
asgigned to the pre~Cambrian. IHowever, as the youngest intrusive rock
of that group, it could be of almost any ages It possibly came in at
the same time @s the diabases of the Guand Canyon, in which.event it

would be Algonkian in age 32/,

ARCIIBAN MISTORY OF THE CERBAT COMPLEX

The Archean history of the Cerbat complex can be divided into four
broad stages:
(1) The first decipherable event in the region was extensive volw

eanism, with the accurmlation of problibly thousands of feet of basaltic



55,

rocks, At intervals throughout this period quartz sandgbonesand shales
were depositedy possibly grading in places into volcanic material, The
amount of these sediments seems to have been small, but granitization
and igneous intrusion heve masked a large volume of the older rocks, much
of whieh was perhaps sedimentarys

(8) An intense orogenic distrubance {Arizonan revolution 33/) folw
lowed the mccumulation of bhe voleanic and sedimentary strata. The beds
were folded and subjected to highegrade regionel metamorphien, with hori-
zonbal compression imposing e uniform northesst structural trend on the
region., Probably near the end of the orogeny pegmetitic granite magma
or masmetic solutions invaded the deformed roeks, Litepar-lit injection
took place on a large seale, and all the rocks seem to have become soft
and plastic, for ptygmatice folding was widespread. Huch migmatization
of the schists oceurred, obseuring parts or all of many folds. However,
the resulting granite - gneiss migmatite inberited the structural grain
of the schists, and the foliation is, in general, conformable to the
recional trend. In places the foliation clearly follows the course of
plunzing folds. Fundamentally unchanged directional stress continued
through and beyond this stages.

{3) Intrusion of grenitie magma, possibly batholithic in scale,
followed this preliminary "soaking” and sheet injection phasge., The
emplacement of the granite bodies was influenced by the structure of the
sehists, and much primary gneissic banding, parallel to the guiding
schist layers, is believed to exist. What process was most important
in the intrusion of the magma is not known, Some displacement of the
pre~existing rocks probably %éok place, and stoping is suggested by the
oecurrence of wenoliths. Assimilation producte are well developed at

the contacte of bodies such as the Diens granites whatever the process,
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the result has been the obliteration of continuous folds, of which only
seattered remnants now remaine ‘The introduction of large quantities of
pegnatite, vith auxiliary aplite, marks the close of this intrusive stage.

Continumtion or revival of stress, with unchanged orientation, ime
pregaed secondary folistion or heightened primmry gneissic gtructure in
the bulk of the igneocus intru&Zians, Localized intense shearing, after
eongolidation of the plutonic bodies, formed narrow zones of mylonite
throughout the Cerbat complex,

{4) The final event was deep erosion and peneplanation to & sure
face of virtually no reliefs This may have taken place in late Archean
time, However, the portions of the surface that are preserved lie bee
neath Tertiary voleanic strata, and erosion during intervening ages
could have formed or perfected this surface,

The disbase dikes of the Cerbat complex are not sccounted for in
the above higtory. They are believed to be much later, thoush possibly

gtill pre«Cambrian (Algonkian) in age,.

AGE AND CORRELATION OF CERBAT COMPLEX

The complete lack of fossiliferous rocks in the Cerbat range pree
eludes any conclusive age determinations, and the Cerbat complex is
placed in the Archean on the basle of its petrolozice ginilarity to other
Archean terrains. “Archean cheracteristics®™ that it possesses are a
high-grade of reglonal and plutonie metamorphisn, extensive injeetion
of marmetic meteriel under conditions of general softening end plasti-
city, and the dominance of true granite in the intrusive members,

The most logzical and accurate correlation 3o be made is with the
Archean rocks of the Crand Canyen, whiéh possess lithologicael, structura&;

and historical features similar to those of the Cerbat complexs Campbell
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and maxson.gé/ have described four pveriods in the Archean history of the
Grand Canyon: (1) deposition of thick, monotonous sedimentary formations,
dominantly sandy clays with quartz sands; (2) eruption of basalts, with
intercalated thin sediments; (3) orogeny and sranitie intrusion; and (4)
erosion, ith the exception of the lack of thick sediments {(whiech may
have heen granitized) in the Cerbat eomplex, this sequence of events
and the resulting essemblage of quartzites, miea schists, hornblende
schists, amphibolites, many migmatites, and large volumes of granite
and pegmatite, are almost identical in the two vegions. Rppllcation
of orogenic forces vas likewise the same, resulbing in 2 norbheast
stmetural trend, Campbell and Maxson suggested restricting the name
Vishmu series to the metawsediments, and in that eense it has no cor-
relative in the Cerbat complex, In the broader sense, as uscd by
Hovle 35/, howeved, the Vishnu sehist can be correlated with the Cerbat
sehisto.

Lithologically and structurally the Cerbat complex is gimilar %o
the Archean rocks in the core of the Virgin Range, Hevada, briefly desw
eribed by Longwell §§/¢ with other areas correlation is weak and can
be based only on the northeast strmctural trend, In Yilson's summary
of the pre~Cambrian of Arizona basin ranges 37/, this general northeast
grain is seen %o be characteristic wherever the ecarly nre=~Canbrian has
been deseribed in Arizonma, ineluding the Pinal and Yavapal sehists of

the soubh and central areas.

TTHACA PRAY PORFHYRY

Distribution and Topogrephie Expression -- Two intrusions of

"
i

granite porphyry, within the Cerbat complex but presumably nuch younger,
are exposed along the western flank of the range, one in the Chloride

district and the other in the Mineral Park district, They are similar
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in texture and composition and are assumed to be the sane age., Both
are designated Ithaca Peak porphyry, after the imposing crag of that
name in the Mineral Park district.

The intrusion in the Chloride district is in the form of a curved,
steeply~dipping sill from 2,000t0 5,000 feet thick, The arce=like oute
erop forms the northern boundary of the western half of thé district.
The eastern limb of the are rises from alluviun just south of the town
of Chloride, and underlies the pediment on which the town is built,

The outerop extends north of Chloride 1} miles, thence curves to the
west and southwest, ending against the Sacramento fault and Tertiary
voleanic strate just beyond the western border of the guadrangle., The
maximun inside chord of the are is 2% miles. MNorth of Chloride the
granite porphyry has been eroded into a group of rugged ridges and peaks
that rise to heights of 1,000 feet above the town. The remainder of the
arc, to the west, consists essentially of one main ridge that is much
less rugged and which, aside from isolated peaks, deecreases gradually
in elevation from east to west,

The intrusion in the Mineral Park distriet is apparently a roughly
equidimensional stoek, 3% to 4 milee in diameter, with itz center ape
proximately at Gross ranch. The word "epparently " is used here, as
the intrusion is flanked on the west by alluviunm and contimues an une
known distance beneath the surface of the Saeranento Valleys Several
thiek tongues extend out from its southeast side, the largest reaching
a mile and a half through Union Basin to the Colconda mine. A gently
rolling pediment, with exposed widths up to a mile, has been developed
along the western side. The nortion of the stoek within the mountains
has been eroded into a cluster of steep rugged neaks with an average

relief of about 700 feet, These stand out in sharp contrast to the
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surrounding areas of the grayish Cerbal complex, as they have weathered
to light brown and reddish brown, and also have rougher slopes (See Figures
12 and 13). Most of the rough slopes and erags are due to silicification
of the rocks

In addition to this large sill and stock, numerous thin dikes or
gills and a few small plugs of granite porphyry have inveded the Cerbat
complexs Dikes are espeeclally abundant in the Chloride district.

Petrography «= Fresh specimens are a light gray. Surface exposures
weather to light brown or pale reddish brown and in parts of the Mineral
Park stock to dark reds and browng, A large portion of the stock has
been mineralized, and the oxidation of pyrite accounts for much of the
reddish colors

Parts of both intrusions are foliated, and some border facies are
strongly gneissic. Foliation is better developed, however, in the
Chloride district sill than in the Mineral Park stock.

The texture of the rock is hypidiomorphic porphyritie, with a fine-
grained to microerystalline groundmess. Microerystalline, interlocking
grains of quartz and feldspar compose 10 to 15 percent of the rock,
Phenocrysts of orthoelase, in quantities up to 50 percent, average
3 millimeters in size, and in exceptional cases phenoerysts reach 2
centimeters, Of the fineegrained minerale, which average 0,5 millimeter
in size, orthoclase aecounts for about 50 percent. NMany of the grains
are microperthitic. A small amount of microcline, some microperthitic,
is present in most speeimens, while oligoclase oceurs in proportions
of 3 to & percent, Clear quartz is abundent in the groundmass (about
40 percent) and phenocryste up to 2 millimeters in size are not rare.
The ehief mafic mineral is biotite (5 to 10 percent), which occurs in

irregularly resorbed browm to green plates. Small guantities of pale
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Figuxe 12 == Itheoe Peak, Mineral Perk district. Note
~distinetive light color and rough, steep slopes.
White secar at left is dump of turquoise workings.
View looking southeast,

Figare 1B == West face, Mineral Park portion of Cerbat
Range. Cherum's Pesk at left, Hills of Ithage
Psak porphyry in center,
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green hornblende were observed in a few specimens,

Accessory minerals inelude magnetite, sphene, zircon, apatite, and,
in some specimens, garnet, Alteration products, in unmineralized areas,
consist of chlorite and magnetite after biotite and hornblende, and
gericite and kaolin after feldspar.

Specimens with secondary foliation are characterized by varying
degrees of crushing and granulation, Undulatory extinetion characterizes
the quartz grains, and some feldspar phenoerysts are stretched and sheared,
In several placcs loeal intense shearing was observed in the Chloride
intrusion. In one specimen a leonitie layer one-quarter of an ineh
thick oceurs in an otherwise only faintly foliated roek.

In a plug epproximately 250 feet in diameter, at the head of Cerbat
Cenyon, a Tiner-grained phase has developed, evidently under conditions
of more rapid cooling, This rock is light gray where fresh, weathering
to a grayish brown. Phenoerysts of orthoclase nmake up 80 percent of
the total composition. These are 1 by 3 millineters in average seetion,
partly microperthitie, poikilitie with quartz, biotite, and apatite,
and some ghow Carlsbad twinging, The erystale ere invariably rounded
and resorbed. The balance of the roek consists of en exbrenely finew
crained to eryptocrystalline groundmass, Quartz, orthoelase {average
0406 millineter) and biotite (average 0405 by 0,1 millimeter), with faip-
1y abundant specks of magnetite and a few erystals of apatite, account
for threc~quarters of the groundmass, The remeinder is cryptoerystalline
material, interstitial with the identifiable zrmins. Doth phenoerysts

and grains in the gpoundmags sre oriented in a planar f£low pattern,

Origin and Intrusive Relstiong == The microerystalline phase of
the groundmass in the Ithaca Pealk porphyry suggests that 1t is a ree

latively shallow, hypabyssal intrusive. This is its chief distinguighe
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ing cheracteristic, in comparison to the plutonic rocks of the Cerbat
complex, for in composition and even in gneissic structure it is high
agimilar to much of the pre~Cambrian granite.

The body in the Chloride distriet was intruded concordantly into
curved layers of Archean schist and gneiss, and its exposure serves to
emphasize the banded nature of the outerops that surround a central
gore of Diana granite, It can be classed best as & curved sill that
was injected in a near-vertical attitude into a steeply-pitehing large
enticline,

The Mineral Parl stoek was likewise influenced by pree-existing
gtrueture, though not %o the same degree. Its northwestern edge follows
a steeply-pitching enticline, and anticlinal septe of Archean rocks
are present in the northern portion of the stock, The eonfiguration
of its southern border, and the attitudes in the adjacent Cerbat complex,
suggest that 1t has elso followed an anticline there, In many places,
however, its contacts are parallel to the Toliatlon of the ad jacent
country rock but do not follow distinet foldse In a few places it is
strongly discordant with neighboring structure.

The eontacts of the intrusions are sharp, though the schistosity
of surrounding Archean rocks has in places led to narrow zones of elogelys
spaced injected sheets of granite porphyry. The highegrade regional
metamorphic and plutonic igneous nature of the host rocke has prevented
the development of any obvious contact metamprphie effecto.

The Mineral Park stock is believed to have been emplaced by a com=
bination of Toreceful injection and piecemeal stoping. The structural
guidance of folds and the planar low structures at and near meny of

the eontacts hphold the former, The presence of igolated pendants (7)
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of the Cerbat complex in therinterior of the stock supports the labtter.
In the Chloride district sill some stoping may have taken place, though
gpreading of the anticlinal layers coneceivably could have provided the
necessary Space.

Age ~- Injected es 1t ig irto pre-Cambrian schist and gneiss, the
Ithaca Peak porphyry might be assigned t0 almost any geologic period,
Sehrader classified it as late Jurassic or early Cretaceous, and thought
it to be of the same period of intrusion as the batholiths of California
and western Nevada 38/, THowever, he also believed the intrusions to be
ellied with similar bodies in the Oatman district, some 25 miles to the
southwest of Mineral Pmrk, These wore later mapped as intrusive into
voleanic strate and asgicned to the Tertiary'gﬁ/, A Tertiary age is
assumed for the Ithaeca Peak porphyry, in this report, on the basis of
its close areal and structural relations with the Tertiary veln systen
in the Cerbat Range. These relations are disecussed in the section on

ore genesiss

GRANITE PORPHYRY DIKES

Vertical, or nearly verticel, tabular sheets of pranite porphyry
are scatbered throughout the areas adjacent to the Ithaca Pesk porphyry
intrusions, They are profuse in the eastern part of the Chloride dise
trict. Although many of the sheete are concordant with tho sehisbosity
of the host rocks and should properly be ¢alled sills, for purposes of
diseussion they will be classed ag dikes in this pepers

The dikes range in size from discontinuous sheebs a fow inches
thick to layers as much as 200 feet thick end several miles longs
Though meny of the prominent dikes have an easte-northeast strike, the
major trend is northwest, OGranite porphyry is common in one or both
walls of the guartze-sulfide veins,

Some of the dikes form ridges, but most have no distinetive topo-
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graphie expressions They are easily ildentified in the field by their
appearances All the dikes, both large and esmall, seem to have under-
gone some hydrothermal alteration and silicification, even where they
are not in direet associetion with quartz veins. As a result, the dikes
exhibit a bleached whitish to yellowish brown color, which stends oub
apaingt the srays and blacks of the surrounding gneigses and schists,.

Petrography =~ A porphyritic texture in the dikes ie provided by
relatively few ortho¢lase phenoerysts, whiech, howerer, occur as crystals
as much a8 several millimebters in length. A common dextural wvariation
ig provided by the occurrense of small stringers, lenses, and pods of
white pegmatite, whieh is apparently later in age bdut closely related
menctically to the granite porphyry. The bulk of the rock is finee-grained
and aplitic in hand specimen, A typical feature is the presence of brown
limonitew~stained joini lines and faces, with strong steining extending
Prom the fyactures into the rock as much as 1% centimeters, Nany of
these fractures are lined with chaleedonic quartz,

Under the microscope the groundmass is revealed as an allotrios
morphic aggrezate of quards, mieroperthitic orthoclase, and a few grains
of microeline, with an sgerage grain size of 0.6 milimeter, The felde
spar is poikilitile with blebs of quartz and dusty negnetite (?). A
few small aggregates of chlorite, quartz, meznetite, and limonite apper-
ently have been forned Trom original biotite flakess The nreceding
assemblage, with a few phenoerysts, composes approximately 75 percent
of the rocks The ramining 20 percent consists of an interstitial mosaie
of eryptocrysialline to mieroerystalline quartz and orthoclase, acw
companied by mch sericite and murky gggw&vlimﬁnite‘

Quartz acecounts for as much as 30 to 40 percent of the total come

position, HMuch of this has been added hydrothermally, as shown by tiny
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seams of mierogranular quartz whiech transgress feldspar zraing but dige
appear in adjacent quartz grains,

Hany of the dikes show weak gneissic sbructure, Observed folistion
wag parallel to the walls and was probably formed by planar flow. However,
he possibility of secondary foliation is ndieated by minor cataclastie

erushing and granulation, seen under the microg 0D W
Age <= The granite prophyry dikes were in ected shortly prior %o
or simultaneously with the introduction of the It haca Peall porphyry eill

and stoeck, for none were found transeres ging these intrusions,

SLGMATITE AID APLITE

Small dikes, lenses, and irregular masses of pegmatite, and anell
aplite dikes occur within %he Ithaca Peak porphyry. They are more abunse
dant in the Mineral Park stock than in the Chloride sill, The rocks are
petrographlieally the zame ag tue ef imple pegmatites and aplites in the
Cerbat complex. They rvepresent the firpst differentiation produets that
were injected following consolidiation of the upper portions of the Ithaca

Peak porphyry masns .

LAMPROPHYRE DIKES

Lamprophyré;{}s‘ are present in numerous steoply-dipping to vertiesl
dikes., These are located prineipally within and near the lthaca Pealk
porphyry sill and stoek, thoush exemples oceur as far oway &s the eastern
base of the Cerbat range. Lamprophyres sre common in the walls of quartze
sulfide veins,

VOGESITR

-

General ﬁescription =~ Vogesite dilkes oecur in noderste number and

excellent exposures exist immediately northeast of 1le Tintic wine, just
west of the Mary Rell mine, and on the ridse northwest of the Mimnesota~

Connor mines Host of the dikes follow a northwest trend, They are from
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5 to 20 fecet thiek and normally ean be traced for only a few hundred
feet, However, the dike just west of the Mary Bell mine is 100 Teet
thick and extends more than half a mile, The rock is dense and resistant
to weathering, and some of the dikes project as irregular ridges, rising
% to 10 feet asbove the surrounding country.

Petrography ~~ Fresh specimens are dark gray to dark greenish gray,
and weathered surfaces are licht olive gray to brownish sray, Altered
feldspar and hornblende are discernible under a hand lens. The rock
slnost invariably conteins medium to coarse=grained, rounded crystals
or quartz, accompanied in some specimens by crystals of orthoclase
Peldspars These nminerals appear to be xenocrysts and not original
constituents of the rock, thongh it is possible that some of the felde
spar erysbals are phenoerysts, The occurwence of exbraneous quarta
and feldsper is not peculiar in vie: of the predominantly granitie
nature of the eountry rock, and the embayed and corroded crystalsz
probably represent the remains of granite fragments that were surrcunded
by the inwading dikess Tﬁe majority of the xenocrysbs measure only a
Pew millineters in dianmeter, although one specimen, from the dike just
noptheast of the Tintle nine, eantainsigrthaclase erystal 1 by 2§ centi-
meters in sections

Alteration products are normally so abundant that the determination
of the rock isg difficult, The texturé is porphyritic, with a very finee
grained grounduasss Relatively unaltered portions of phencerysts were
debernined as both orthoclase and plagloclase, In the groundmass, brown
hornblende needle. averaging 0.2 millimeter long are abundant., The
borders, znd often the entire erystals, are altered to a murky, brownish
black substance. Orbhoclase and plagioclase laths, also about 0,2 millie

meter long, abundant apatite needles, and & fev grains of nagnetite
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make up the balance of identifiable primary nminerals. There seems to
be slightly more orthoclase than plagioclases Large quantities of pale
green chlorite, with caleibe, sericite, kaolin, epidote, and zolgite,

have formed as alteration products.

CTTHN GO T
SERSSARTITE
A S e L I A o

General Degscrivtion -- Spessartite dikes are numercus. They range

from 12 inches to seoveral feet in widbth, and most of them have a north=
wesgt trends One dike, 5 to 6 feet wide, forms a low ridge immediately
north of the Tennessee mihe tailinges dump. Other examples oceur west
of the Singlow claim, in the west wall of the Mayflower vein, and in
assoeciation with the vein lumediately south of the Copper Age mine.

-= The rock is brownigh gray on weathered surfaces and

Patrosranig

is dark greenish gray where feeshe A characteristic feature of the rock
is the development of large phonveryste of hornblende and feldspar,
Buhedral erygtals 2f to 4 centimeters long, sct in e fine-grained ground-
mass, are not umusuel, In a portion of the dike west of the Singlow
elain elusters of these phenoecrysts form 5O to 60 percent of the rock,
Yost of the erystals are rounded and corroded.

A fresh specimen fvom the dike soubth of the Copper Age mine was
exanined under the microscopes FPaenoeryste 1 to 5 millimeters in size
compose § to 10 pereent of this rock. In orddr of abundance, these con=
sist of brown hornblende, augite, and completely altered feldespare The
hornblende oceurs in two generations. In one the erystals are completely
altered to & nixture of chlorite and epidote, whereas in the other the
eryatals are freshs The augite is partly chloritized, ard the feldspar
is thorouchly saussuritized. Fresh feldspar phenoorysts from other
specimens were determined as andesine (Anéo). The relative abundance

of hornblende and feldspar phenocrysts varies widely. In some specimens
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feldspar crystals are twice ag numerous as are the hornblende erystals,

Mogt of the groundmags ‘consists of laths of andesine approximately
0¢l millimeter long, They are typically arranged in sheafelike clusters
and are partly altered to caleite. Eghedral hornblende crystals make
up 10 to 16 percent of the groundmass, Thege erystals averscse aboub 0,2
nillimeter in length and ave incompletely altered to epidote, caleite,
and ehlorites FParily albtered, cquant grains of augite, 9.1 to 0.2 milli-
reter in diameter, are almost as abundant as the hornblende, and grains
of mepnctite, usually less than 0.1 millimeter, are nunerous in the grounde
maess  Apatibe needlss are also eormon.

Tenoerysts of elear or milky quartz, as much as 6 nillimeters in

diameter, were observed in some specimens. The eryvstals sre rounded and

EERSATITE

A dike of kersantite occurs in the footwall of é short veln that
strikes Il 80 degrees W, and dips 76 degrees N, in the nose of the ridge
immediately west of the Boulder Dam clain, The dike has & maximum
thickness of b feet, It is pre-nineral in agc.

Petrography ~- The rock is a graylsh brown where fresh, wherpas
weathered and hydrothermally aliered specimens ape darl greaﬁish‘gxay
and very soft and punky. The texbure is powphyritic, with a microery=
stalline groundmass. kost of the phenocrysts are blotite plates avere
aging 2 millimeters in diemeter, Some of the biotite is fresh and clear,
but mostﬁﬁ@iit is altered, Clear calecite ls the chief alteration mineral,
and the é;ieite is without exception partly or totally rimmed by harrow
growths of fibrous brown chlorite. Feldspar phenccerysts, averaging 045
by 1.5 millimeters in section, ere altered (o caleite that is murky

with an aggregate of sericite and other asliervation products and is
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typically cut by veinlets of brown chlorite. The nature of the altere
ation products suggests that the originsl feldspar was a calcic plagioe
clases
The groundmass, which consists of 0,01 to 0,04 millimeter grains,
is about 30 percent fresh blobtite, 10 percent magnetite granules, and
the balance ehlorite and caleite. A few crystals of sphone are present.

76 of Lemprophyres -=- The lamprophyre dikes were injected after

the consolidation of the Ithaca Peak porphyry and prior to the guartz-
sulfide vein minerslization, Their time relationships with the volevamnie
dikes and extrusive rocks are not known, Though the different varieties
are thought to be closely related in origin, and therefore of about the
same age, the vogesites seem to have preceded the spessartites, as a
dike of the latter cuts a vogesite dike in the area weste-northwest of
the Singlow c¢laim, The relative position of the kersantite has not

been determined.

TERTIARY ERUPTIVE ROCKS

Volecanic strata once probably covered the entire Chloride gquade
ranzles Remnants oceur west of Chloride and discontinuously along the
east flank of the range. The oldest eruptive rocks are flows, tuffs,
and breccias predominantly aﬁﬂesitie in composition, These rocks rest
upon a surface cub on the pre-Cambrian Cerbat complexs They are termed
the Bull Hountain series, as they forn the impressive capw-rock of thab
peak, Overlyingz these basel andesites, with apparent disconformity,
are rhyolite tuffs, breccias, and flows., They are designated the XKinge
man series, as they are best exposed in and around Kingmen, Vest of
Chloride, on the north side of the mouth of Big Wash, an andesite flow

lies unconformebly on rhyolite tuff and breccia, This "Blg Vash andedite"
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was not observed elsewhere in the area mapped.
Aze -- These voleanic extrusions have previously been assigned to
the Tertiary by Schrader 40/ and Lee 41/, Therevis no proof that all
of them are Tertiary. Ilacking evidence to the contrary, however, thelr
inelusion as part of the Tertiary volcanic gystem so widespread over the

Basin and Range province is believed reasonable.

BULL MOUNTAIN SERILS

The Bull Mountain series of flows, tuffs, and brececias occurs ohly
along the east side of the range. They were not studied in detall, as
the mapping in this arem was done vepidly, with the purpose of determine
ing only genersl rock distribution and structure. The series covers
several square miles in the southeastern part of the quadrangle, This
arca is thenorthernmost gxtension of the large voleanic masse known as
the Kingman Mesa, and the topography is that of a well dissected, blocl
faulted table-land. The strate reach a thickness of almost 1,000 feet
in this seetion, hundreds of feet being exposed in sheer cliff faces.
The beds strike predominantly northeast and dip at low angles to the
southeast, PFarbher to the north the Bull Mounteln series oceurs as
isolated small cappings of ridses and buttes, with a maximum thickness
of 350 feob.

The series consisgts mostly of flows of medium gray to grayish red
purple andesite, with some dark gray basalt members. Intercalated with
the flows, and especially sbundant in the busal section, are beds of pink
and red seorimceous breccia and yellow to red tuff and lapilli.

In every place where the basal beds are exposed they lie upon an
almost flat surface of pre~Cambrian rocks. The maximum relief observed

in this surfsce is not over 50 feet. (See Figures 14 and 15). The
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surface and the superimposed volecanic strata dip at low angles away from
the mountains, In the southern part of the range the dip is southeast,
whereas north of Vock Wash it is northeast. In places the voleanie rocks
pass beneath the alluvium of the Huaslpai Valley.

If detailed mavpping were done, the series must be divided into at
least two units, for, after an initial pericd of voleanic activity, the
beds in some places were cut by faults and the uplifted portlons were
removed by erosion, The maximum observed displacement in this faulling
is only 250 feet, and the periocd of erosion was sufficiently long to
reogtore a flat survace. The remaining beds were then covered by e later
sequence of andesitié material, Any tilting which accompanied the faulbe
ing mwst have been slight, as no distinet anguler unconformity exists
between the lower and upper strata.

In several places the Kingmen rhyolite series overlies the Bull
Mountain series with cencordant attitudes. Howewer, in the sectlon
north of Voeck Wesh, faulting and erosion of the andesitic gtrata seem
to have taken place prior to the extrusion of the rhyolite, and the
relationships are disconformeble, &bt least in that erea, This period
of faulting and crosion might represent the intra-Bull Mountain series
brealk, if the upper andesitie beds had not been deposited or had been
stripped away prior to the outpouring of rhyolite. However, the faulte
ing and erosion is thought more likely to have oceurred after cessation
of andesitic voleanic activity and to represent an inter-volcanic breaks

Host, if not all, of the voleanic exposures slong the east side of

he range have been »roserved by dovn-dropping along northwest brending
nommal faults, which are later in age than the Finguan rhyolite series.

Gorrelation of Bull Mountain Series ~= The Bull Hountain series

corresponds to the "older andesite™ of Lee 48/, and occuples the same
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Figure 14 -~ Bast face Bull Mt., showing Bull Mountein
voleanic series resting on almost flat surface of
Cerbat camplex. Consolidated Feldspur Corporation
workings in center of pileture.

Zigure 15 -~ Ridge, SE cormer Chloride quadrangle.,
ull Mountain veoleanie series resting on surface
of low relief of Cerbat complex. View looking west.
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stratigraphic position as the Alcyone and Esperanze trachytes, Oatman
andesite, and Gold Road latite of the Oatman distriet in the Black

Mountains &5/,

ETVCHMALT SVRIRS AND BIG WASH ANDESITE

CELORIDE DISTRICT

Zmall patches of stratiforn voleanic roecks ocour along the wesbern
edge of the Chloride district, on the Gownedropped side of the Saeramento
fault {See Plate 1)s The beds have & northwest gtrike, dip at varying
angles to the southwest, and form a series of igolated low hills along
the fault line, The volcanic rocks disappear to the west beneath the
alluvium of the Sacranebto Valley and tonsues of alluvium separate the
hills,

Kin§§§§<§ggggg =« Explogive rhyolitie products of the Kingmen sories
are the oldest exzposed voleanic rocks, Several different beds can be
distinguished, all conformable, with a strike of I 50 to 60 degrees Wy
and a dip of 25 to 30 degrees southwest, Inmasmuch as the Sacramento
fault, against which the beds terminate, strikes 17 45 degrees i, and
the beds dip away to the southwest, the lowest strata should oocur farthe
est to the north elong the foult line. However, this cannot be relied
upon, as auxiliary feulting, at high angles to the Sacramento fault, has
broken the stratigraphiec continuity.

Petropraphy -~ The two northernmost mapped exposures contain a
vigible section approximately 700 feet thick, composed of coarse reddish
breceias. The rocks are distinetly stratified and well consolidated.

In the three exposures to the south several hundred feet of strata
must be represented, but the maximum thickness of any one seetion is
about 80 feet. Three rock types ere present, The lowest and thickest

is a loosely consolidated grayish yellow to light brown tuff that is
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magsive in hand specimen, It is 1lizht, porous, and can be dented easily
with a picks Zesentially a vitrie-lithie tuff, it is composed mostly
{90 to 95 percent) of pumice fragnents which vary in size from a few
tenths of a millimeter to 1 centimeters, The remainder of the rock
consists of angular, accidental rock fragnents which vary from 1 millie
meter to 2f centimeters in greatest diamcter, Most of these fraguents
are gray Lo red&is?éorphyritic andesite, but a few ave light gray pore
phyritic rhyolite. Sparse, isolated crystals of feldspar occur in some
specimnenss

Overlyirg the unconsolidated tuff is a bed of welded tuff, 10 to 15
foet thiek., Hand specimens of this are nale yellowish brown to grayish
red, with a streaked and layered structure that is visible even in tinmy
Pragmontss The streaks consist of compressed blebs of black volcanie
gless. In some places there are distinet beds of vitrophyre a foot or
more thick, Tho roek is compact and breaks with o roush conchoidal
Tracture,

Under the microscope a compressed and welded vitroclastic texture
is visible, The percentages of the constituents vary, depending on the
emount of obsidian present in a bed, but the bulk of ar uverage specimen
consists of distorted glass shards which range from 0.1 to 0.5 nillinmeter
in sizes These have a refractive index of approrimately 1,504, which, on
the basgls of George's tables 44/, indicates a rhyolitic composition. The
central portions of the larger ghards, and the entire smaller fragmerts,
are partlally devitrified and are a clear yellow, with a faint gray
birefringenees All the shards show the effeats of flatbening and elongas-
tion, and some are bent around isolated e¢rystals of feldspar,

Fragments of collapsed punice and flattened blebs of obsidian are

abun&éht. These fragments may be less than 1 millimeter to over 1} centi~-
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meters long, and 0,1 millimeter to 3 or 4 millineters wide., Tiny come
plicated folds ocecur in the puniee, and both the punmice and obsidian
are devitrified along fine lines parallel with the general banding.
Some of the amaller Bragments and parte of the lerger ones are devitrie
fied to a cryptoerystelline mosaic of guartsz (?) and feldspar (?). Sone
of the obsidian is porphyritie, containing euhedral groins of sphene
and megnetite, plates of biotite, and resorbed crystals of sanidine
and oligoclase. A few tiny spherulites and erystallites are also
present.

Diserete erystals that must heve been explosively separated from
the original magma are comaon. They inelude biotite, sanidine, oligow
clase, quartz, and small greing of msgnetite, most of which is altered
to hemative, Aceldental erystels of andesine, labredorite, light green
augite, and hypersthenc oceur in nost specimens, Accidental roek frage
ments of gray to veddish porphyritic andesite are not unusual,  These
occur as smell auguler pebbles and display no effects of deformation or
flattening, Phenoerysts of andesine, labradorlite, augite, and hyper-
sthene, set in a pilotaxitie to hyalopilitie groundmasgs, polnt %o a
COMMOn an@esitic source for both the aceidental free crystals and the
rock fragmente. Resorption effocts on some of the pebbles sugzest that
the andesite fragments were included in the rhyolitic magma prior to iis
ejection, _

Above the welded tuff, but with what scem to be zradational row
lationships, lies a reddish brown tuffacecus brecoie, A maximum thicke
negs of approximately 30 feet of this brecela is exposed bencath a
basalt cappings The rock is composed of fragments of punice from 2 to
4 gentimeters in diameter, set in a watriz of puniceous ash and small

lapilli., Uamercus accidental fragments of andesite, 2 to 10 millimeters
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in size, are also scattered through the rock., The pumice and andesite
fragnents are essentially the came in composition as those in the
welded tuff, and the pumice fragments in the breceia are collapsed
into wafer-like forms. The chisf digtinetion between the brecela and
~ the welded tuff lies in the degree of coarseness,

Devitrification is more advanced in the pumiece of the breeceia than
in that of the welded tuff,and caleite and tridymite ere abundant in
the groundmasses of both punmice and ardesite frogments Har occvrmn e Breecia.

Big Uash Andesite -~ A flow of ardesite 50 to 60 feet thick uncone

formably overlies the pyroclastic rhyolite beds in the rortlernmost
mapped exposures of voleanic rockss The andesite st ikes 1T 45 degrees
W, essentially parallel to the course of the Secramento fault, and dips
about 15 degrees to the southwest, Platy jolnting is well developed
in the bed and is expressed through the development of ledge-like oute
cropse |

Petrography -« The andesite is medium light gray and weathers to
a light brownish gray. It ls vesicular, amygdaleidal, anrd norphyritie,
Abundant enhedral laths of feldspar are visible mesascopiecallys. The
most numerous faldspar%ﬁ%ths* which range from 1% to 5 millimeters 4in
length, ave andesine (Angg)e Many are concentrically zmoned, howe
ever, with centers of andesine ard rims of oligoclase (Ansy), and less
numerous laths, 042 to 1.0 millimeter in size, consist entirely of
oligoclase, All the feldsper phenocrysts exhibit effeets of resorption,

Crystals of light green augite, as much as 1 millimeter long, oceur
in small amount. Hypersthene grains, 0,3 millimeter in average length,
are a little more sbundant than augites The hypersthene is invariebly
partly altered to pale green bastite, and some grains ave completely

altereds Irregular graing of magnetite, 0.1 to 0,3 nillimeter in diae
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neter, are abundant.

The groundmass has a microerystalline pilotaxitic texture and
consigts of a densely felted mass of tiny untwinned feldspar laths,
with many interstitial grains of magnetite, some of which are altered
'to hematite, A few needles of apatite and granules of augite are also
present.

Cristobalite, filling vesicles, is invariably present, and calcite
oceurs in some specimens.

History == All the rhyolite along the Sacramento fault is pyro-
clastic. Although the exposures are limited, the beds are thick, and
extensive volecanism is indicateds Following their deposition, the rhyoe
lite beds were tilted to the southwest about 15 degrees. A long enough
period of erosion followed to permit thorough plaration, The rhyolite
was then unconformably covered by a flow of andesite. Later tilting
brought the andesite to an average dip of 15 degrees southwest and the
rhyolite beds to about 30 degrees. The late tilting was probably a
function of movement on the Sacramento faunlt, The beds occur on the downw
dropped side of the faulbt and drag easily could have produced the present
attitude of the andesite and part of the dip in the rhyolite, The early
tilting of the rhyolite, however, cannot be explained in this fashion,
for the beds strike into the fault. Deformation not related to the
Saeramento fault must have occurred, and the initiation of the Sacrsmento
fault must heve taken place in a late stege of the regional geologie
history.

FAST SIDE OF CERBAT RANGE

The remmahts of the Kingman rhyolite series, which overlie the
Bull Hountain series along the eastern flank of the range, contain the

same types of loosely compacted tuffs, breceias, and welded tuffs that
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occur in the Chleride distriet, However, the sections are thinner,
300 feet being the observed meximum, and rhyolite flows are present in
addition to pyroclastics, These flows are light gray, with a vitrow
phyric texbture and a pronounced flow structures TFhenoerysts are sanidine,
and a few crystals of orthoclase, oligoclase, quartz, biotite, hornblende,
zlreon, and sphenes The groundmass is partially devitrified to a crypto-
crystalline mosalc,

A further difference is in the degree of tilting of the rhyolite
bedss Deformatlon has not been as strong on the east side of the range,
and the beds dip only 6 to 8 degrees.

Younger andesite, comparable to the Big ash andesite flow, is not

present in the part of the eastern section that was mapped.

Correlation of Kinemen Series and Big Vash Andesite -~ The Kingman

series corresponds to the young rhyolite scries of the Black Mountains,
described briefly by Schrader‘ég/ and diseussed as the Antelope rhyolite
and Sitgreaves tuff by Lausen 46/, The Big Wash andasite correlates with
the "yoynger andesite™ of the Black Mountaing gz/, and similar strata
are nentioned by Lee as occurring in the vhite Hills, Kingmen Mesa, and

Aquerius Mountains 48/,

QUATERNARY OLIVINE BASALT

Capping ell the mepped exposures of voleanie rocks alonz the Sacra-
mento fault are sheets of olivine basalt 10 to 25 feet thick, These sheets
are flat to gently dipping southwest and lle unconformably on the older
rockss Portions of the basalt layers rest on and interfinger with the
Quaternary grevels, and in one pl-.ce the basalt seems to lie unbroken
across the Saeramento fault., Reddish to black scoria is abundant in

the basalt areas, and a few volcanic bombg were obscrved.
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Petrography == The baesalt is dark gray where fresh and weathers
to a grayish or dusky b§§§§. It is veslcular and in some places coh=
tains amygdules of clear caleite., The texture is porphyritic with pheno-
erysbs of olivine and augite. The groundmass has an intersertal texture
and is compossd of a dense felt of labradorite laths and scatitered grains
of magnetite, augite, and olivine, all set in a matrix of dark brown glass.

Age -~ The older wolcenic rocks had been deposited, blockffaulting
and extensive erosion had determined the present corfipguration of the
mountains, and large amounts of alluvium had colleccted prior to the
extrusion of basalt, This is shown by the fact that the basalt overlies
and inter ingers with the alluvium end also overlies the Sacramento fault,
whieh cuts the underlying voleanie rocks. It can be aséigned with little
question to the (uaternary. GSheets of basalt in the Black Mountains, of
ginilar nature and stratigraphie position, have been ineluded in the Ter~

tiary by L usen 49/.

VOLCANIC DIKES

RIIYOLITE

Rhyolite dikes are numerous in all the mineralized areas. Small
dikes are scattered throughout the Chloride district, many of them occcurs~
ring in the walls of quartzesulfide veins, One very larze dike, (See
Plate 1), is prominent in the eabbern, highest portion of the areas This
dike, whieh strikes N 25 degrees HE, and dips steeply to the west, varies
from 50 to 200 feet in width and is more than & miles longs It crops
out in the saddle immediately north of the Lueky Boy mine, runs through
the ravine below the Samoa-Brighter Days camp, and passes on woubh into
the Mineral Park digtriet, where it cubs the Ithaca Pesk porphyry.

A disbinetive zone of thick, steeply-dipning rhyolite sheets, sbtrike

ing ¥ 20 degrees i/, cuts through the center of the Ithaca Peak porphyry
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stocks This zZone is as much as one-quarter of a mile wide and is more
than four niles long. Thick dikes in this zone are exposed at the gatew-
way to the Mineral Park basin and near the Oro Plata mine in Todd Basin.
Several prominent rhyolite dikes, striking about N 40 degrees W, ocecur
near the mouth of Cerbat Canyon. Some of the dikes form strong ridges,
whereas others have no topographic expresgion. A dike that cuts the
peek just northeast of Gross ranch has eroded to form a trench throuzh
the top of the pealt,
Petrography ==~ The rhyolite is yellowish gray,and mogt speeinens

are megascopically porphyritice. Many dikes are moderately to strongly
silicified.

In the two specimens examined under the microsecope, the rhyolite
exhibits a cryptocrystalline to microcrystalline porphyritic texture.
The phenocrysts are mostly orthoclase and microcline, oceurring as well
rounded erystals as much as 1 by 2.5 millimeters in section, Carlsbad
twins ere common, and some of the phenocrysts are poikilitic with in-
elusions of sagernitic quartz, muscovite, apatite, and zirecon, Rounded
grains of quartz also occur as phenoerysts but are not abundant. The
groundmass consists of epproximately 70 percent orthoclase and 30 percent
quartz. Seattered erystals of zircon oceur in the groundmass, and serie
cite is abundert in the orthoclases Veinlets of microcrystalline quartz
eut the specimens examined, and the sericite, and perhaps come of the
cuartz in the groundmass, may be of hydrothermal origin. No mafic minerals
were obmerved in any of the dikes, either microscopleally or megascoplically.

Chenical analyses would be necessery to determine the composition
of the dikes, but the microscopic examination suggeste that they arve
highw-potach dikes, similar to those in the Homestake Mine, Lead, South

Dakote, described by loble 50/ «
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Age -~ Rhyolite dikes oceur within the Ithaca Peak porphyry and
therefore are later in age. Their reletive position with resneet to
the lemprophyre diles was not determined. It is assumed that the rhyo=
lite dikes were intruded in Tertiary time, as part of the Tertiary wvolnanice
systen of the Bagin and Renge province, Correlation with the extrusive
Kingman rhyolite series might be possible if compositional similardity
eould be demonstrateds In view of the highwpotash content of the dikes,
however, this does not seem likely« The silieification and the truncae
tion of some of the dikes by quartzesulfide wveins indleate that the
rhyolite is pre~mineral in age. No rhyolite dlkes were observed to cut

the veins.

ATDESITE

A few smell andesite dikes cut both the Cerbat complex ard the
Ithaea Peak porphyrys. These dikes range from 6 inches to 4 feet in
width, and some of them project as low ridges above the surrounding
rockss lone could be traced more than a few hundred feets

Petrography == The rock is dark greenish gray to dark gray. It
has & porphyritic texture, and a microcrystalline hyalopilitic to interw
granular groundmass. PFhenoerysts of labradorite {Ansg) make up about
5 percent of the rock. These occur as euhedral, slightiy resorbed
erystals, 0.3 by 1,5 millimeters in average seection, Some have good
goncentric zoning, being more sodiec on the edges. Most phenoerysts are
fresh, but part or complete alteration to a nixbture of chlorite, zoisite,
epidote, and albite, accompanled by sericite and keolin, occurs in some.

About 60 percent of the groundmass consists of a felt of andesine
laths, which average 0,15 millineter in lengths The laths are fairly
fresh, though alteration similar to that in the phenoerysts is present.

Intergtitial to the laths are green chlorite and grains and rods of
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magnetite, partly altered to hematite. The shape of some grains suggests
that the ehlorite was derived from pyroxene.

Some dikes are associated with quartze-sulfide veins and are thoroughly
propylitized, Specks of disseminated pyrite, of hydrothermal origin,
are common in these albtered dlkes,

Age =~ The dikes are poseibly related to the extrusive voleanics, and
are presuned to be Terbiary in age. Similar to the rhyolite dikes, they
are later in age than the Ithace Peak porphyry, but of undetermined
position with respeect to the lamprophyres. o exposures were found in
which the sequence of introduction of the rhyolite dikes and andesite
dikes could be ascertained, The occurrence of andesite in the walls of
veins, with attendant propylitization, in&ieétes a pre-nineral or, alt the

latest, an inter-mineral age for the dikes,

NAS

A small olivine basalt dike occurs in the western part of the Ithaca
Peak porphyry sill, helf a mile north of the town of Chlorides A larger
basalt dike, 8 to 10 feet wide, gubs the Cerbat camplex in the hillside
due west of Herit Springs It is highly vesicular and amygd&léidal in
places, Aside from dating the small dike as postw-Ithaca Peak porphyry,
no age deoterminations cen be mades The dikes may be Tertiary and related
to the basalbic rocks of the extrusive Dull Mountaln series, or they may
be Luaternary and relsted to the basalt flows that interfinger with
alluvium, The dikes are similayr in appearance and cenposition to Llows

of hoth agess

ALLUVIUM
The elluvium in the regien is composed of the detritus that covers
the bottoms of the cenyons and washes, the £i11 of the Sacranento and

Hualpai Talleys, and the terrace deposits that occur along the walls of
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many canyons. The detritus now in trensit down the slopes and along
the drainage-ways is of course Recent in age, and consists of a loose
mixture of current ervsion products. The terrace deposits represent
older slluvium, as does the bulk of the detrital apron flankingz the
ranges. The Sacramento Valley apron has been digsected, with the ex-
- posure of older debris, The Hualpal Valley apron is only locally dige
sected, and the older £ill is mostly covered with Recent wash,

The terrsoce beds and dissected portions of the aprons reveal a
poorly sorted accumuletion of angular to sub-rounded sand, pebbles,
cobbles, and boulders representing all the roeks of the Cerbat range.
Boulders 10 to 15 feet in diameter are not uncommon, though cobbles
1 to 9 inches in diameter predominate. A poorly defined stratificatieﬁ
exighs in some places, ac do distinet beds of sand and silt, The de~
posits are largely uncopsolideted, but terraces in the Minernl Park
digtrict have been cemented by iron oxides, and white to brown caliche
has seyyved ap o weak binding agent in places in the valley £ills Al
other type of cementation has occurred in the alluvial veneer that
covers the pediment area west of Mineral Park, There nincralizing
solutions have bound the debris together in a blanket that forms the
fmerald Iszle coprer deposit, Isolated thin sgheets of olivine basalt
overlie and_interfinger with the alluvium in the Sacramento Valley west
of Chloride,

The alluviun begen to collect Tollowing the initiel elevation of
the Cerbat Ranges This event cannot be dated asccurately but probably
took place in the late Tertiary. large amounts of debtritus gccumulaﬁed,
probably continually ftimulated by progressive 1ifting of the mountein
bloeclk, and aggradation in the adjoining basing continued into the

Quaternary epoch. A late period of apggradation along the eanyons within
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the range is indicated by alluvial termaces. In comparatively reecent
time & period of degradution was insugurateds This seems to hove been
due to a regional eastward bill, for rejuvenation effects are well shown
in the canyons draining the west slope of the range and in the adjoine
ing Sacramento wvalley apron, whereas sggradation was only locelly intere
rupted along the eash side of the range, Terraces within the mountains
are from 23 to B0 feet asbove present strean levels (See Figure 10), while
ineised waphes along the edge of the Sacramento valley are ag rmuch as
50 feet below the adjacent surfeces. The stripping of debris along the
western base of the mountains has exposed wide bedrock pediment aréas,
many of which conteln veins. In otheyr areas veins probably remaln cone
cealed,

The older alluvial deposits can be correlated with the Temple Rar

conglonerete, vhich hes been assigned to the Pleistocene by Lee 48/,

GEOLOIC STRUCTURE

General Features == The Cerbat renge is a ripgid, messive bloek

congisting almost entirely of crystalline schist, gneiss, and granite.
Remnants of folds, however, are preserved in this rigld erystalline come-
plex and indicate orogenegis in pre-Cambrien t;%@.

Foliation 1s developed Lo varying degrees in all the plutonic and
motamorphic rocks, and three joint systems cut all the rocks without
discrimination ag to type or ages

Faulting that must have occurred in the pre~Cambrian ig difficull
to detect, ¥ylonitic zones testify to movement by intense shearing, but
the dislocations cannot be dated, Minor movement preceded or aceompanied
the injection of gome of the siliclc end mafic dikes, and a pediod of

faulting is evident in the formation of the numerous veins, Tour distinet



16 «= Terrace on west side of Mineral Perk
wash, just south of Nigger Head. Terrace
level approximately 30 feet sbhove present
level of washs
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frecture periods cecurred during minerelization, and strong post=
rmineral breceiation is visible in many ef the veins., At lecat two and
nossibly four cges of normal faults are shown by remhanic of Tertiary

voleanic stretes Delireation and elevation of the Cerbat range hag

oecurred alons the youngest of these normal feulis,

ARCHEAN FOLD SYSTHM

LR

An orogenic fold system must, at one time, have covered this entire
region. Most of the folds have been obliterated ¥ut by processes of
granitization and batholithie intmsion,éua: Tow remnants still exist,

The largest fold is an anticline that occuples the western halfl of
the Chloride districts. Ibs presence is revealed by the disposition of
the crystalline metamorphic and ignecus rocks in steeply-Gipping, coue
cordant, eurved layers., The axis of this antiecline striics about northe
oast and lvn, a5 about 80 degrees, foming a symmetrical folds Once
egtablished, this fold guided the scries of igneous intrusions which
followed, ard which now form the hulk of the rocks in tho structure.
During pre«~Cambrizn time the core of the arch was oceupied by coarsely
porphyritic Diana granite, and sheets of pegnatite were injected into
the limbs. At a later date, possibly in the Tertlary, @ sill of Ithaca
Peal: porphyry was introduced into the flanks of the antieline, Torming

additional curved igneous layers

A soaller but well-defined anticlinal remnant is merked by the
distribubion of septa in the northwest side of the Ithaca Pealk porphyry
sboek in the Mineral Perl district, The axis seoms to strike north-
narhhwsh and plunge 75 degrees northeast. However, ouly the nose and
nortlrest lind are preserved, and the axisl position ie difficult to £ix,

‘The fold im at least two miles wide, with the strata either vertical or
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steeply dipping outward., It guided the emplacement of the northwest
portion of the Ithaca Peek porphyry stock, and planar flow sitructure
in the latter developed a mimetic anticlind pattern (See Figure 17).
Isolated attitudes suggest that an asymmetrieal, almost izoelinal,
nerrow syncline exists betwen this anticline and the large one in the
Chloride district,

In the area including the soutbwest end of the Ithaea Peak porphyry
stoek and the norbhwest portion of the Cerbat district, an anticline
is suggested by the configuration of the border of the stock and by the
sttitudes of foliati@n, hoth in the stoek and in the rocks of the Cerbat
complex, The trend of the structure 1s northeasd, and it plunges to the
northeasts Hinor anticlines and synclines seem to be present, and the
entire structure ig slightly overturned to the southeagt.

A small enticlinal nose, only vigible for a few hundred feet, is
exposed in the canyon on the north side of Bull Mountain., This fold
strikes northe-northeast and pluhges 12 degrees northeasbt. Another amoll
anticline was obaserved in the ridge approximately 1 miles dne east of
the Stoclcbon minﬁ, This fold strikes northenortheast and plunges 70
degrees northoenst.,

Away from areas where distinet folds are present, foliation attitudes
heve an average trend of Il 40 degrees I. Aslde from vertical layors,
about 80 percent of the obscrved attitudes have dips of 75 to 80 degress
to the northwest, the balance dipping steeply southeast, This implies
the existence of fornerly exteasive isa%iinal folds, the remnants of
which are now overturned B to 15 degrees to the southeast, This over=
turning nay be due in part bo original compressive stress, However,
al lesast some and posslbly ell of it is the result of eastward tilting

of the mountains in Tertiary time, This tilting is also responsible
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17 == Canyon, northweat cornsr Ithace Peak
porphyry stoek (Center 3 14, T 23 N, R 18 W), showing
plansr flow structure developed parallel to nose of
pre-existing anticline, View looking westenorthwest.
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for gone of the plunse of the antieline romant g,
‘o true drap folds were observed, but ptygmatic folds ave NUBEerous,
These seem to have formed under conditions of active major folding, for
their axial planes arve enproximately parallel te the foliation of the
encloging rocks. Ineamueh as the foliation scems parallel to original
bedding, e certain amount of inter-bed sheari ng must have aided in the
formation of the ptysmatic Lolds,

A consistent fcature is the northeast to north-northeast strike of

the regionsl struecture lires, Though batholithic intrusion and creni-
tizatlon destroyed mmeh of the continuity, the trend was not disturbed,

FOLIATI O
Y P A M

Pre-Cenbrisn rocks - Toliation in the Cerbat complex ranges from

the excellent flow eleavage of the biotite sehists to faintly gneissic
granite, A few areas of massive granite exist, but they are minor in
extents In the anticline remnants, folistion of the sehists seens to
be parallel to original bedding, for it wraps around the noses of the
folds. The foliete structure poasibly developed throurh a combinstion
of mimetic reerystallization and flow parallel to the bedding, induced
by intense hydrostatic and horizonsally direetod connressive stress
and associeted extreme temperatures of highegrade resional metamorphism.
The foliation of the layers of gneis 88, which also parallels the original
bedding, could either be due to primary planar flow, be inherited from
pre~existing schists by & process of granitization, or be due to come
pression., ihatever the cause, and more than onre e may have operated in
any one place, the fold pattern was followed fait:fu 111y,

On the grounds of this confommity to structure in the remnant

anticlines, it is assumed thet most of the foliation in the Gerbat CONl=

plex, espseially in the layers of schist, is essentially parallel to
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original bedding. This assumption is the basgis for deducing isoelinal
folding in the areas vhere the foliation has a consistent N 40 degree B
strike and a steep dip to the northwest.

Mach of the gnelss shows effects of cataclastice deformation, ime
posed after the consolidation of the rock and after or near the end of
orogenic folding. Some of the gneissic foliation is due to this later
stress. Transection of earlier foliation might be expected but was not
observed, The continuing or revived compression must have been unchanged
in direetion and relieved in such a way that younger foliation merely
added to the intensity of older or was formed parallel to it., In plutons,
such as the Diana granite, secondary foliation in the interiors of the
nasses has, in most places, a northeast strike and steep dip, parallel
to the reglonal grain,

Secondary lineation is present in the hornblende schists, In the
few observations that were made, the long axes of the hornblende crystals
seemed to be parallel to the axes of assoclated folds, No attempt was
made to applymiethods>f structural petrology to the schists. Such a
study would undoubtedly add mueh information on the teetonic higtory
and on the nature of the deforming forces in pre-Cambrian tvime,

Itheca Peak Porphyry ~- Primary plenar flow structure is well

developed in many places along the borders of the Ithaca Peak Porphyry
sill and stock. The flow structure is parallel to the contects and is
characteristically strongest immediately adjacent to the contacts. This
parallelism is its diagnostic feature., Primary foliation is empecially
well shown between the anticlinal septa in the northwest portion of the
Mineral Park stoek (See Wigure 17). It is not uniformly developed, and
border areas may be massive or only slightly gneissic,

Compressive forces, possibly contemporaneous with and definitely
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outlasting conselidation of the Ithaca Pealr porphyry, caused secondary
foliation which differs in degree from plece to place. It is best
developed in the Chloride district sill. Local secondary feliation occurs
in the Mineral Park stock, but the bulk of the intrusion is massive,
The compressive forces were from the northwest or southeast, for most
of the foliation strikes about I 50 degrees E, and heas vertical to steep
dips., This predominating trend is shown in Figure 18, which is a point
diagran prepared in the manner outlined by Billings §~/. This technique,
whieh utilizes the plotting methods of structural petrology, shows the
poles of perpendiculars to surfaces such as folia, joints, and veins,
Perpendicular surfaces are represented by points on the eircumference
of the plotting cirele, and horizontal surfaces are represented by a
point in the center, In Figure 18 both primary and secondary foliation
have been plotted., This has not altered a dominant northeast strike,
The reason probably is that the contacts of the long western limb of
the Chlorido sill, as well as the contacts of the northwest part of the
Mineral Park stock, have & northeast strike, and the primary foliation
parallel to these contacts provided a large portion of the total obser-

vations.

JOINTS

Pre~Cambrian rocks -= A complex set of stresses must have acted in
the ereation of f&acture gystems in the pre-Cambrian, Horizontal comw
p;ession is evidenced by the folding, strong hydrostatic pressure would .
be a factor in the high-grade regional metamorphism, and thermal expan-
asion and contraction necessarily would be associsted with the intrusion
of the igneous roeks. In addition, stresses of all later geologic
periods might develop fractures in these ancient rocks.

e resulting joints are therefore complex but can be resolved
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Figure 18 -~ ITHACA PEAK PORPHYRY FOLIATION

Point diagram, showing poles of perpendiculars to
53 foliation surfaces in the Ithaca Peak porphyry.
Plotted on upper hemisphere. Equal area projection.

+ Chloride district sill.
o Mineral Park stock.



93,

into three trends, which are exhibited in both the early schists and in
the later granite and gneiss, This leads to the conclusion that directione
al strees, having a uniform orientation both in the pre-Cambrian and later
ages, was the principal factor in the establishment of the joint pattern.
In field observations the joints were recorded as strong, moderate, or
weaks A joint was classed as "strong" if it seemed to extend beyond the
area of observation, and if there were numerous parallel joints, A joint
was congidered "weak" if it seemed to be small, and if there were few
parallel joints. A joint between these extremes was called "moderate".
In most places, moderate joints were recorded only where stronger joints
weré also present, to use in comparison. The terms are relative and the
classification ean change with distance, However, in plotting the joints,
correlation was obtained between directional trends and relative strength.
The attitudes of joints, segregated according to relative strength, are
shown in Figures 19, 20, and 21, These are point diagrams similar to
that of Ficure 18, The strongest joints strike about northwest and in
general dip very steeply. This is demonstrated by the massing of points
in the mortheast and southwest quadrants of Fisure 19. Joints with dips
to0 the northeast are most numerous, but a set that dips to the southwest
is noticeable., The moderate joints (See Figure 20) display less consistency
in dirvection, but a northeast strike is favored. Steep dips to the south-
east are nest numerous, but a set that dips to the northwest is present.
The weak joints are scarce and give a scattered point diagram {3ee Figure
21). Field observations show, however, that where three different joints
oceur together there is a tendeney for the woakest set to strike to the
north, Dips are either east or west.

The orientation of folding and foliation indicates that the conm=

pressive forces affecting the pre«~Cambrian rocks were oriented about



Figure 19 -~ STRONG JOINTS

Point disgram, showing poles of perpendiculars to
175 strong joints. Plotted on upper hemisphere.
Equal area projection.

« Joints in Cerbat complex.
o Joints in Ithaca Peak porphyry.



Figure 20 -- MODERATE JOINTS

Point diagram, showing poles of perpendiculars
to 136 moderate joints. Plotted on upper hemis-
phere. Equal area projection.,

* Joints in Cerbat complex.
© Joints in Ithaca Peak porphyry.



Figure 21 -- WEAK JOINTS

Point diagram, showing poles of perpendiculars
to 54 weak joints. Plotted on upper hemisphere,
Bqual area projection.

* Joints in Cerbat complex,
© Joints in Ithasca Peak porphyry.
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northwest-southeast, Under such a stress, the theoretical fracture
planes that should develop in the rocks agree well with meny of the obe
gefved jointse. Tensgion fractures should form parallel to the direection
of comprocssion, and these are represented by the northwest trending,
gbtrongest set of joints. Shesy fractures should be directed northeast
and north, and many of the moderate and wealt joints follow such trends,
However, the wide variations in attitude shown by the moderate and weak
joints emphasize the actual complexity of stress and strain conditions.
The unifomity of the strong joints, on the other hand, suggeststhat
they 4id originate as tension fractures due to compressional deformation.

The joint pattern was of major importance in later geological evente,
The fractures gerved as ayvenues of injeetion for numerous silicic and
mafic dikes and were a prime factor in determining the location and
orientatlion of the guartze-mlfide veing.

Ithaca Pesk porphyry -~ Joints in the Ithaca Peak porphyry sill

and stock folleow the same trends as thoge that ecut the Cerbat complex,
This faet is demounstrated in E@%ures 19, 20, and 2l. Some of the joints
must be zenetically releted to the intrusion and solidification of the
nagne. However, northwest-goutheast compression, similar to the pre-
Cembrian forces, established secondary foliabion and is believed to be
responsible for mogt of the jointse A jolnt belonging to the strong

northwest trending set is shown in Pigure 28,

The oldest recognizable faulting has left zones of mylonite in the
Cerbat complex. The mylonite zones have been assigned a pre-Cambrian
age, which may or mey not be a valid assumption. They represent localized
intense shearing parallel to the northeast structural trend of the Cerbat

complex., One possible interpretation of these zones is that they were
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Pigure 28 -» Nigger Heed pesk, Minerel Park distriet,
Strong joint, striking MW and dipping steeply NE
guts center of peak, View looking NW.
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formed along higheangle thrust planes.

Beginning with the intrusion of the Ithaca Peak porphyry, a numbher
of ages of faulting is evident, Minor dislocations accompanied the
periods of injection of granite porphyry dikes, lamprophyres, and rhyoe
1ite and andesite dikes. The maximum displacement for any of these was
observed in the ridge northeast of the Forth Georgia mine. Here a voge-
site dike offsets a diabase dike 100 feet horizontally. Dike injeetion
and associated faulting followed the already established jointing trends
in the Cerbat complex and the Ithaca Peak porphyry.

Mineralized Faults «= The most obvious faults aré those along which

veins have formed, Detailed manrping in the Chloride disbriet has revealed
8 larce number of veins, (See Plates 1 and 4), most of whieh ocecur in
the eastern half of the distriet, In the latter aréé the veins have in
zeneral & nortlwest strike. The veln system is continuous to the south
through the Mineral Park, Stockton Hill, and Cerbat districts and is
fundamentally unchanged in pattern, as more than 80 percent of the Ohe
served veins strike weste-northwest or northwest, In the central part of
the Chloride distreit the veins trend north, parallel with the intrusive
contacts of the emstern limb of the Ithace Peak porphyry sills In the
western part of the district the velns are less numerous and have no
aniforn trend, An east-~west orientation is characteristic in the.center
of she Diaps granite, Some of the veins intersect, and many are/izégzd
the strike. Atbitudes of all ohserved veins are shown in Figure 23,
Comparison of thig point diagrem with the diagrams of the joints (See
Figures 19, 20, and 21) demonstrates that relief of stress during veln
formation oceurred chiefly aleng the northwest trending set of strong
fpactures. This dlegren also indicates the vertical to steep dips of

most of the veins. Dips to the northeast are most numerous, bub there
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Figure 23 -- VEINS

Point diagram, showing poles of perpendiculars
to 268 veins. Plotted on upper hemisphere.
Bqueal area projectiom.

+ Veins in Chloride district.
© Veins in Minersl Park, Cerbat,
and Stockton Hill districts.
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are many dipe to the southwest, In the steeper veins reversals of dip
are not uncommon.

Strietions in the vein walls indlcate that displacement has almost
inveriably been obligue. The prevalent slickensided surfaces, large
anmounts of govge, and rolled and crushed fragments of wall rock show
that shearing stress must have been important. MNost are believed to
be normal faults, though some seem definitely reverses In gteeply-dipping
oblizue=~alip faults the digbinetion between normal and reverse movemend
hes little significance, s a change in dip of a fow degrees can easily
result in a chanze in classifieation,

It is impossible to determine the amount of movement in most places.
A feow mineralized Taults offset dikes of pegmatite and lamprophyre, hows
ever, and & horizontal displacement of 120 feet was measured slong a
vein that offsets a lamprophyre in the northwest cornmer of S 33, T 23 N,
R 18 ¥, Yo markers were found to determine the amount of wvertical move-
ment .

Tive periols of activity are reflected in the mineralized feulis.
The first wes that which opened the Pissures and gave access to minerals
izing solutionss This was followed by three intra-mineral fracture
periods and strorng post-mineral fracturing.

The mineralized fanlis are younger than rhyelite end andesite dikes
of Tertlary (?) age.

Trangverse Taplts -- Steeply-dipping, intre-mineral cross faults

eut some of the veins and heave produced small offsets. An example of
this is in the Tennessee=-Schuylkill mine where a fault striking I 50O

degrees ® and dipping 55 to 60 degrees N has offset the main vein i

maxirmum of 30 feet horizontally. |

A large postemineral transverse fault éuts several veins in the
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eastern part of the Chloride district. It strikes M 55 degrees E, is
essentially vertical, and can be traced for three-juarters of a mile. The
north end of the Payroll vein is teminated sgainst this fanlt. The MNorth
Georgie vein, on the opnosite side of the fault, is similar in cize and
appearance and seems to be & continuation of the Payroll vein. This indie
cates a horizontal effset of about 500 feet, in which the north side of
the fsult wes displaced to the west relative to the south sides The
fault surface is exposed on the north side of the wash, onee-quarter of
e mile southwest of the Peyroll mine shaft. In the fault exposure & one
foot width of unnmineralized gouge and breccla occurss

Vormal Fenlts -~ Lyidence of normal faulting 1s commonly present

where remnents of voleanie strata oceur, Your periods of Pfaulting have
bheen inferred from the relations of voleanie exposurss. The earliest

took place within the pefiod of extrusion of the Bull Hountain andesitic
series. A post-Bull Mountain series stage is suggested by the rhyolite
whieh lies disconformably upor the Bull Mountain seriss, and a post-Kingman
series stage is veflected in the tilting of rhyolitic strata along the west
gide of the renge. A late stace is shown by the breeking and tilting of
the Big Vesh andesite, It is impossible to assign other than relative
ages to the faulting, and the existence of the two middle periods may be
open to question, Possibly these periods correspond to the four periods
of basin~range raulting established by Sharp in the Ruby-Hast Humboldt
range of northcastern Nevada §§/ gnd by Ferzuson in the Hewthorne and
Tonopah guadrangles of western Nevada 54/. The distribution and trend

of these normal faults is shown in Pigure 24,

Rast side‘gg Gerbat Range = The voleanie roeks in the Chloride

quedrangle are most sbundant along the east side of the range. Therefore

most of the observed faults oceur on that side, since the faults are only
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visible within the voleanics. They undoubtedly continue within the
basement rocks, and similar faults probably exist outside the voleanic
areas, Host of the faults strike north-northwest in echelon, The others
trend northeast in echelon. The faults are steeply dipping, and dis-
location seems to have been dip-slip. Total displacements could not be
determined, but in many of the faulte it probably was not more than a

few hundred feet, The foult that passes just to the west of the voleanic-
! capped mesas north of Vock Wash, however, has displaced the volcanic cap
rock a minimum of 700 feet vertigally. The alignment of unusually
straight canyons and ridge slopes, north and south of Vock Wash, suggests
a length of ten miles for this rault. It pesses just west of the Neal
ranch buildings and is here termed the Neal raneh fault. It possibly con=
tinues and bounds the west side of the lavew-capped mesa which is north of
Meal ranch and outside the border of the guadrangle {See Figure 25).

Host of the Paults along the east side of the range, inecluding the Neal
ranch fault, are believed t¢ be postevolcanic in age.

liest side of Cerbat Range -~ A large normal fault west of the

Chloride district is revealed by the displecement of a series of voleanie
strate, It scems to be a boundary fault for the Sacramento Velley and is
therefore designated fhe Sacramento fault, It strikes N 48 degrees W and
dips approximotely 60 degrees S. TFrom the point where it disappears be-
neath alluvium southwest of the distriet, it was mapped to the northwest
for 2% miles, The fault continues an unknown distance beyond the area
mapped. In Figure ég the line of faulting is continued to the south by
a dotted line. The nosition of this line was located just_west of the
pediment area along the front of the range. Faulting cannot be proved
along thisg line, but the econtinuation of the Sacramento fault, or the

existence of similar normel faults, is suggested by the truncation at
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mr%m View north from Neal rench. Lave capped

eult=block in right center. Nesl rench fault
on west side of mesa (?).



106.
the mountain front of the internal structure of the range., The lack
of outlying ridses and buttes further suzgests that the faulting occurred
along a single line or narrow zone, in contrast to the echelon pattern
along the east side of the range.

The amount of displacement along the Sacramento fault cannot be
determihed accurately., 4 caleculation of possible movement was made by
using a 300-foot horizontal offset of the contaet between the Ithaca
Peak porphyry and the Cerbat complex. By negleeting any effects of
ggg;;faulting and assuming only dip-slip motion, a net vertical displace-
ment of 3,165 feet and a net horizontal separation of 1,830 feet were
obtained. That this may be approximately correct is indicated by the
average relief of 3,000 feet in the northern part of the Cerbat Range.

Though the total displacement along the Sacramento fault must have
taken place by intermittent movement, 1t seems to be one of the youngest
geologic features in the region, for it was not in existence during the
outpouring of ertiary lavas. On the basis of the assumed Tertiary age
of the rhyolites and andesites, the faulting probably started in late
Tertiary and possibly extended into Tunaternary time. ZEven late CQuatere
nary activity is suggested by the eastward tilting and rejuvenation of
the mountain bloek, which has cuused the development of Recent gravel
terraces, The most lozieal cause of such tilting would be vertical
displacement along the Sacramento or other faults on the west side of
the ranges R+ P« Sharp, summarizing studies of basinerange structure,

gtates that "the period of maximum block-faulting in the Great Basin
seems to have been latest Tertiary end Guaternary" 55/. Evidence of

block-faulting in the Cerbat Range is in accord with this generalizatlon,

Auxiliary Taults -- Two auxiliary faults, which seem to be vertical,

eut the hanging wall block of the Sacramento fault {See Plate 1) and

join the Secramento fault at angles of about 65 degrees. They bound a
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segment of the Xingman rhyolite series and indicate that there has been
breaking and differential nmovement of the hanging wall block of the
Sacramento faulte The segment of rhyolitic strata has heen dropped down
relative to either side and is bounded on three sides by Ithaca Peak
DOTPhYTY «

Relative downdropping bebtween vertical suxiliary faults has also
preserved narrow strips of basalt elong the footwall side of the normal
fault southeast of Heal ranch. o meacsurenent of displacement was possible
on any of these auxiliary faulis,

Imerald Isle Fault -= Tvidence of late normal faulting exists at

the Emerald Isle mine in the Sacremento valley west of Jineral Porke.

Here both the bedrock pediment and the overlying blanket of alluviunm

have been faulted, and the fissure has been mineralized by copper-bearing
solutionss The fault strikes N 30 degrees I and dips between vertical

and 45 degrees. The figsure vein in the gravels is as much as 12 feet

wide and has distinet walls. The amount of digplacement was not determined,
but the oceurrence of bedrock in the footwall, next to gravel in the
hanging wall, indicates a normal faulb,.

Present form of the Cerbat Range -~ The delineation and uplift of

the present mountagng has been a conseguence of large normal fault activity.
Maximunm dislocation occurred along the west side of the renge, resulting

in an eastward~tilted block, In the northern half of the quadrangle,
however, between the Sacramento and MNeal ranch faults, the range is an
eastward-tilted horst. The structural grain of the basement rocks, which
trends northeast, is truncated almost at right angles by these normal
fanlts. Differential vertical stresses must have been of mejor importance,
in contrast to the compressive forees that charscterized the earlier hige

tory of the rezion,
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GEOLOGIC HISTORY

The neture and sequence of events in pre~Cambrian time have been
discussed. The following is a summary of the later geologic events
that have been recorded in the area studled.

Following the pre-Cambrian, a large gap oceurs in the geologic
record. Several thousand feet of Cambrian, Mississippian, and Pennsyl=
vanian sediments overlie the basement crystalline complexz in the Crand
Hash Cliffs, only 12 to 15 miles east of the Chloride quadrangle. In
the Cerbat Range similar strata are totally lacking, With large thicke
nesses of Paleozoic rocks so0 e¢lose at hand, their former exteﬁsion over
the Cerbat complex would be expected. They night have been much thinner,
though, as the Chloride quadrangle is on the northeast edge of Schuchert's
"Engenada®, e Paleozoiec land area or positive element g_/, If Paleozoic
sediments were formerly present, removal has been thorough. Schrader
mentions limestone from a well northwest of Kingmen which he thought
night be Paleozoic 57/. lNothing of similar nature has since been record-
ed.

There are no features that cen be related definitely to the lesozolc.
If the region received Mesozoic sediments they have been removed, The
laramide revolution is reflected in the Muddy and Virgin Mts,, in the
region to the north of the Chloride quadrengle 58/. It may have affected
the Chloride quadrangle, and features such as secondary foliation and
mylonitic wones in the Cerbat complex might be due to late Cretaceous
or early Tertiary compressive forces, Furthermore, the Diana granite
could be of Laramide age. It is felt that these features it better

into the proncambrianxgbquence, and they have been so classed, but it

e
€]

readily admitted that the classification is arbitrary. As a matter
of fact there is nothing, aside from alluvium and its associated sheets

of olivine basalt, that can be dated with any degree of assurance,
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Specific ages can be assipgred only with a question mark,

Intrusion of Ithaca Peak porphyry and related rocks «- In the

Tertiary (?), the Itheca Peak granite porphyry intruded the Chloride

and lineral Park digtricts,. These bodies were puided in their emplacee
ment by pree~existing structure, They were ac¢companied by the profuse
injection of granite porphyry dikes, especially in the Chloride district.
Worthwest-southeast compressive forceé, in operation possibly during

end definitely after emplaocement and consolidation of the granite pore
phyry, produced different degrees of secondary foliation in the intrue
sions.

Minor amounts of pegmatite and aplite are asgociated with the Ithaca
Peak porphyry, and lamprophyre dikes are common, apparently‘derivea by
differentiation of the gzranite porphyry magma abt depth.s A feature of
all the dikes, including the granite porphyry dikes, is their occure
rence in composite bodies. ¥eany old fracture lines, previously invaded
by pegmatite and diabase, were successively re~opened to granite porw
phyry and lamprophyres, and in sgome places 1o rhyolite and to velnw
forming solutions.

Volcenie period -~ This entire region probably once was covered by

a great thiekness of pyroclastic velecanic debris and lava flows of
Terbtiary (?) age, Andesitie flows, tuffs, and breceias of the Bull
Mount&in series renresent the first stage of voleanisms A peried of
normal faulting and erosion cccurred between the eruption of the lower
and upper beds, and erosion and probable nommal faulting followed the
accurmlation of the series. Succeeding voleenism came from silicie

mazna, and the Yingmen series of rhyolite flows, tuffs, and breccias
S

o4

was depdsited disconformably upon the lower andesites, Tilting of the

rhyolites, probably due to faulting, and truncation by erosion took
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nlace on the west side of the range but is not indicated on the east
side. A later eruption unconformably eapped the Kingman rhyolite with
the Big ¥ash andesite, to end the genéral period of volecanism. TFumerous
rhyolite and & few andesite dikes of Tertiary (%) age cut the basement
rocks,

sulfide mineralization - Sulfide nineralization necurred after the

injeetion of the rhyolite and endesite dikes. The Tirst period of mine-
eralization was loealized almost entiprely within the Mineral Park stock
of Ithaea Peak porphyry. A large part of the stock was broken into
closely-spaced fractures which were utilized by hydrothermal mineral
solutiong. The result was a low-grade disseminated sulfide deposit.

After an interval of unknown length a second and more extensive
period of mineralization occurred, The solutions Tollowed fissures,
most of which were localized along northwest trending old fractures.
The result was a system of cuartz veins that contain sulfide ore minerals.
Yeing of this period cut seross the disseminated sulfide deposit and
are the only ore deposits of the Chloride, Cerbat, and Stockiton Hill
districts.

Bagin=range Taulbting == After the conelusion of voleanie activity,

and presumebly in the late Tertiary, the present mountains began to

form, The Sacramento normel fault, or fault system, was formed and the
east side of the feult was progressively elevated relative to the west
side. A total vertical displacement of several thousand feet vas evenw
tually resched. The rising mountain block wac also tilted so that it
sloped 5 to 10 degrees to the east, Contemporaneous with activity along
the Saseramento feult, normal faults in echelon, most of them striking
northwest, ddsrupted the rocks along the cast side of the block, Vertical

displacements were not as large as on the Sacramento fault, but the lNeal
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ranch fault had signifieant dip slip movement and established a tilted
horst structure for part of the mountains.

Large quantities of erosional debris were shed from the rising bloek,
and & broad pediment was cubt along the base of the range. AL a late
stage, alluvium had begun to chole the canyons draining the mountains,
The western side of the block was then elevated once agaln, and the
streams are now down=cubtting, having left terraces up to 50 Ceet above
thelr present grades., This rejuvenation is believed to sten from late
Guaternary movement along the Sscramento or related Taulits.

Tmerald Isle mineralization -~ In late Quaternary time; after the

bulk of the alluvial £ill hed accumnlated in the Sacramento valley, and
after cutting of the pediment, another period of nmineralization occurred.
Mineralizing solutions ascended along a northeast-striking normal fault
figoure, which extended out of bedroek inte alluvium at the site of the
present Imerald Isle mine. Chrysocolla and other copper silicﬁte minerals
were deposited both in the fanlt fissure and in the surrounding alluvium,
This nineralization must be later than the main period of active movew
ment along the faults bounding the range. It may be earlier than the

last rejuvenation, however,

Relations bebweon basineranse fanlbing and sulfide mineralization e

Both basine=renge faulting and sulfide nimeralization seem to have taken
place after the conclusion of Tertiary voleanic activity. The question
of their relative ages, within the poste~volcanie peried, immediately
arises, If late rejuvenation along the west side of the range indicates
boundary fault movement, it is safe to say that basine-range faulting has
been active after completion of sulfide nineralization. This is shown
by veins which were truncated by erosion at the pediment surface, buried

under & blanket of alluvium, and later exposed by downecutting that is
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g Punction of thisg rejuvenation,

There are no traces of mineralizaiion alonz the Sacranento fzult,
It therefore rnight be aSuuméd that the fault is completely poste-mineral,
capeeially as it passes within 2500 feet of strong veinse Bub the ag=
sumpbion hag little weight, as the amount of gouge that might form along
e fault of thiz cize could effectively seal it sgeinst hydrothermal solue
tionse

If mineralogieal and texturel differences could be demonstrated

betwean veins in the pediment and thoge several thousand feet higher,

neay the erest line of the mountains, it might indicate that the mounw
tains were eleoveted after veln formation was ecmplete, If thét were
true the desply evcded véins at the foot of the yange shaula have Toatures
of greater depth of sulfide minerel fommetion, The velna, however, are
the same fron mountain top to pediment, Zoning does not seen to occur
in these veins, and the opposing argument, that the veins were formed
after the seulpturing of the mountaing, likewise has no supports

The only conclusion is that sulfide nineralization was prior to
or contemporaneous with basin~range faplting.

Extrusion of olivine baualt -« The last geological event, apparently

of Recent age, was the extrusion of shests of olivine basalt. These overw
lie and interfinger with alluvium, and in one place basalt seenms to lie

across the Sseranenbo faulb,
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ORE DEPOSITS

VEIN DEPOSITS

IINTRODUCTION

Ore was discovered in the Cerbat Mountains in 1863, and the name
Sacramento district was applied to the area. Narly production was
amall, work was hazardous, and the prospectors were soon driven out by
the Fualpais Indians. A party re-entered the area in 1871 after the
Indians were subdued, many new veins were discovered, and the term
fiuelapais district came into general usage. A large influx of miners
from Nevada and California took place in 1872. The near-surface oxide
ores, which were exploited for gold and silver in the early deys of
mining, were apparently extremely rich, Schrader says that large proe
fits were realized, though most of the ore, prior to the advent of the
railroad in 1882, was packed by burros "to the Colorado River, thence
by river steamer to Port Isabel, down the gulf to Point Arena, and up
the coast to San Francisco, whence they were shipped to England for
treatment"‘Qﬁ/. In addition to this pomplicated shipping route, some
ore was treated in arrastres, probably for the most part by Hexiecan
miners who brought the process with them across the border, This techw
nique consisted of attaching heavy slabs of rock by chains to the ends
of a long beam projecting from an upright spindle. The spindle and
bean were revolved by burro-power, dragging the slabg around in a cire
eular pit, surfaced and edged with flat stones, The ore was thrown
into the pit with water and quicksilver, ground by the revolving slabs,
and the precious metals recovered as amalgam, Remains of these old
arrastres oceur throughout the area. A well preserved pit is shown in
Flgure 26,

A small custom mill was erected at Mineral Park in the later seventies

but did not greatly stimulate production, Perhaps one reesson was thatb
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26 »= Nexioon arastre in canyon botian
nediately southesast of Kay rensh house.
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%ﬂe Bulldings snd dumps of Tennessess
chuylkill mine. View looking east.
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the miners were paid by checks, which were discounted for cash by 20
percent.

Only after the advent of the railway in 1882 was the first develops
ment work below water level done., However, the depreciation of silver
and the encountering of lawe: grade sulfide ores at depth combined %o
cause & slump in mining in the 1890's and early 1900's. A rise in the
price of base metals caused a revival in 1906, and the period from 1906
to 1912 saw the greatest sustained activity in the history of the region,
with production coming principally from sulfide ores. Since that time
the main productive periods have coincided with base metal demand prow
vided by the first YWorld War and World War II.

Only two mines have large produetion records, the Golconda in the
Cerbat distriet and the Tennessee-Schuylkill in the Chloride district.
The Golconda is credited with a gross production of $6,500,000 60/ up
to 1917, The mill was destroyed by fire in that year, and the property
hes not produced since, The mine was developed to a depth of 1600 feet,
and at one time 1t was the lavgest zine producer in the state of Arizona.
The Tennessee~-Schuyllill produced o small smount of ore during the early
nineties, operated steadily from 1910 to 1916, ¢operated intermittently
from 1917 to 1936, and has been producing more or lesgs continuously from
1956 to the present. It has been developed to a depth of 1400 feet, has
winzes to 1600 feet, and has yielded about 300,000 tons of ore averaging
4433 percent lead and 7,74 percent zine, and eontaining appreciable zold
and silver 61/«

Hernon glves the following production figures for the Cerbat Range
for the years prior to and ineluding 19%0 62/:

Copper (1b) Zine (1b) Lead (1b)  gold Silver  Total
2,900,000 95,587,344 55,350,000 $2,339,000 $5,032,000 $20,270,000
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The total volume of ore from 1903 through 1933 was 615,514 tons,
valued at $13,360,978 63/. The production for the years 1934 to 1946
inelusive was 703,701 tons, with a total velue of $9,508,187 64/. Con=-
sidering the many years of early operation, from which no production
statistics are available, the total value of ore ga;ned from the Cerbat
Range is probably close to §35,000,000,.

An indieation of the average grade of présent o:es-is glven by the
milling records of 20,8282,5 tons of custom ore that were treated Ly the
Mineral Park Milling Co., from 1945 to 1947 inclusive. The average assey
figures on this ore are 0,058 ounces of gold, 3.56 ounces of silver,

04404 percent copper, 3.30 percent lead, and 5.67 percent zine 65/

DISTRIBUTION OF VEINS

The general limits of the area within whieh sulfide-containing
Pissure veineg oceur are ghown in Figure 28, It can be seen that the
nineralization occuples an elongete zone or belt, This belt strikes
approximately N 35 degrees W, and is 4 to 5§ miles wide by 14 miles long.
gentrally located Witéjtha belt is an avea of "porphyry copper" mineral-
ization, TFrom south to north, in the Cerbat, Stoclkton Mill, and Mineral
Park districts, and in the eastern vortion of the Chloride distriect, most
of the veins strike about northwest., This distributes the veins in
echelon within the belt of mineralization, The prevalling trend is de-
mongtrated in the point diagram of Figure R3.

The greatest concentration of velns ocecurs in the roughly triangular
seetion between the east limb of the Ithaca Peak porphyry sill, in the
Chloride district, and the north side of the Mineral Park stock, Here
more then 100 veins are present in an area of not more than 6 square
miles. {See Plates 1 and 4), The veins in this area follow the pre-

vailing trend, In the balance of the Chloride digtrict the veins deviate
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 radieally from this trend and strike in many directions. °Plate 1 shows

that the arrancement is not hapheszard, however, but reflects an anticlinal

pattern in the rocks.

This is most obvious in veins that are parallel to

" the intrusive contacts of the Itheca Peak porphyry sill,

PRIMARY MINERALS

The following primary minerals have been identified in the vein

depositse:

Ruarts « « » »
Calecite + » o
Hanganocelelte
Siderite « « «

Fluorite « « »

Preite « o o »
Marcasite (7).
Arsenopyrite »
Srhalerite &+ «
Calena « o #
Chaleopyrite «
Tetrahedrite .
Tennantite ¢
Proustite .
Pyraveyrite .
Polybasite o
Hlargyrite «+

Gold « & o & »

®

L2

»

Gansue Minerals

85i0p w== Most abundant; present in all veins.
Cal0y = Present in many veins,

{Ca,¥n)C0s == De La Fontaine mihe.

FeC0s; == Ninor, but widespread.

Cellg «ww Chloride distriet; in 2 veins,

Ore liinerals

FeSs |
Fas8e

pee
PeAsS » Common assemblage of mineral beltb.
Zns
Ph8
Cuz?esg I

Very rare.
B5CupSe2(0u,Fe) 84248, 58

AhgoSehsgS, - Nost abundant silver mineyrel; rare
' < in present ores.
BAggBe Sy By

9AgoBenbpdy » Minor amounte, with proustite.

33 -~ Pregent in ninor amounts in all ores.
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Bastin has recorded, also, the oceurrence of pearceite (QAgES.Aszsz),

‘argentite {AgsS), and menganiferous siderite, (Fe,ﬁn)co5 as primaxry

ore minerals 66/.

PARACENESIS OF THE ORES

The following discussion is based on an examination of sixzty«four
pélished sectionss Host of the specimens were taken from mires, ore=-bins,
and dumps throughout the Chloride district. Others were taken at scate
tered locations in the balance of the minerslized belt. The results of
the examination give & composite picture of the history of mineralization.
The stages in this history that are found in any single nine or proapect
hﬁve been dependent upen the local maintenance of fissures and openings
and upon the veriable physico-chemical conditiong affeeting the solutions,
The paragenetic relations are sunmarized in Figure £9.

Aze Criteris -=- Prior to detailing the peragenetic relationships

of the ore minerals, mention should be nmade of the criteria thet were
uged in deterrining sge {iversity or similarity. Of the many criteria
that have been suggested‘gz/, only & few were felt to be sufficiently
éiagnosctice to be relied upons Depositional features in wugs and fracw
tures, and cross-cubting veinlets, were used with confidence in deters
nining successive deposition of minerals in any one seeblon, Crushtie-
fication banding was also used, with the realization ih mind thet any
single mineral layer misht represent more than one stage of denosition.
Such a condition is possidle, as later reglacement could add appreciably
to an initial layer. Crystal outlines werc used in places as indicative
of mineral succession, As d%=cussed by Bastin 68/, this involves the
agsumpbion that where ¢rystal boundaries of 2 grain are convex outward

the grain ieg older than the surrounding mineral., Conversely, canceve
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erystal boundaries outward would indicate that the surrounding mineral
is the older. This cannot be used haphazardly, however, Force of
crystallization must always be considered,for example cuhedral pyrite
nmay develop either simultansously with or leter than surrounding quartsz,
and the application of this crystal outline principal would give an ine
valid result. It is most useful where supplemented by pitting, corrosion,
or otheyr replacement phenomens,

The only replacement features used with confidence were veinlets
with non-matehing walls, where attack on the older ninerals was reacolw
ably ¢lear, Supplementary evidence, which was sometimes useful, included
"island to island™ and island to mainland" relationshipse In this,
isolated inelusions are assumed to be older than the surrounding mineral
where they show parallel orientation with each other and with a nearby
parent mass. Of confirmetory value was the form of hoste-guest contacts,
where boundaries smoothly conecave toward one mineral may indiecate that it
is the guest. Care must be taken not to confuse this replacement "caries"
type contact with erystal outlines, where concavity toward a mineral holds
an opposite age connotatlion.

It was virtually impossible to make direct determinstions of simule
tansous depogition. Perhaps the most reliable eriterion is the oceurrence
of two or more minerals as adjacent segments of a veinlet filling, though
this condition could also result from replacement., The lack of data
showing age diversity mizht be taken to indicate simultaneity, but the
method is inherently weak, It 1s streugthened somewhat by the not un=~
common appearance of features of successive deposition or replacement
between two minerals, which, in another portion of the same polished
section will display reversed relationships, This could mean that both

minerals were available in the mineralizing solutions at the same time,
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providing separate stages are not indicated elsewhere.

As inplied in the above use of the terms supplementary and confirma-
tory, no single eriterion should be taken as diagrostic of a condition,
“here several can be applied, however, the accuracy of deternination is
improveds DBy examining a large suite of polished sections, enough
matually supporting evidence should be fouhd to give a consistent pice-
ture of paragenetic relationss The conditions displayed in any one
polished section may be incomplete, but through the study of many seew
tions a composite history of mineralization can be compiled,

Introduction of guartz -~ lewly esbablished fissures and re~opened

0ld fracture systems were first occupled by quartz. Pressurs conditions
were apparently low enough so that selfesustained openings were naoine
tained. As a result, the rising solutions typicelly deposited:euhedr&l
cr&stals of elear to milky-vhite quartzs The formatioﬁ of "ecomb crystala”
lining the walls of open fissures was common., Juartz continued to be
deposited intermititently throughout the period of vein formation,

Introduction of pyrite and arsenopyrite -~ Pyrite and arsenopyrite

were introduced after the Pirst quertz began to be deposited. They
typically developed crystal forms, and euhedral to subhadrallinter@rowths
of early auartz, pyrite, and arsenopyrite aeve common, The evidence for
the esrlier tine of introduction of the quartz is displayed in specimens
where early quartz crystals, lining fissure walls, bave been surrounded
by pyrite and arsenopyrite, and the erystal faces of the guartz have been
corroded and replaced,

o conclusive evidence was seen that would esteblish priority of
inkreduction for either pyrite or arsenopyrite. One or both may oeccur
in any single specimen, though pyrite is more abundant regionallys

Pyrite would be expected to form first, on the basis of the usual sequence
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of hypogene ore minerals 69/. In many places pyrite is earlier, and
is replaced by arsenopyrite, but in other places the relations are
reverseds The two minerals seem to be essentlally contenporansouss
The bulk of the pyrite and arsenopyrite was deposited in this early
stage, prior to the introduction of the rest of the nminerals. Small
amounts recur in later sbages, however,

Marcasite (?) ~- In some specimens marcasite(?) and arsenopyrite
occur as a very fineegrained mizture, Narcasite(?) was differentiated
on the basis of polarization colors that differ from and are more vivid
than those of arsenopyrite. The material seems to be conbtemporaneous
with the arsenopyrite.

Pirst intrae-nineral fracturing -- #ild and local fracturing, dating

after the introduction of arsenopyrite and pyrité, is present in a few
specimens, It is shown by the presence of sphalerite as fracture fillings
in the pyrite and arsenopyrite.

Introduction of gphalerite -~ After the major neriod of deposition

of pyrite and arsenopyrite, zine was added %o the solutlons, and sphale
erite began to deoposit, Its relative age is established by veining,
and by ite position surrounding crystals of early querdz, pyrite, and
arsenopyrite, Host of the sphalerite iz bwownish black to preyish black
but some is light brown, HNHo distinetion in relative ages can be made
betueen these two types, and the variation can be explained best by the
assumption of local differences in the nature of the zine-containing
solutions, notably in the emount of iron that was present.

Inclusions of ehaleopyrite are abundant in the spheleorites These
vary from mieroseopic specks to blebs that can be seen with the naked

eyes There iz no uvniformity in the orientation of the blebs., None of
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the chalcqpyrite resembles a crystallographic intergrowkh, though
straight lines of inclusions, possibly formed along cleavage planes,
are not uncormon. MNore often the incluslons are sceottered et random or
gseen to ocutline invisible grain boundaries. TFuritlermore, chalcopyrite
veing sphalerite, occurs eutside of sphalerite, and also repleces it,
According to the eriteria ligted by Selwertz 70/, these features ave
not indicetive of exsolution, and the presence of the chalcopyrite is
therefore attributed to the effecis of replacenent along aubnmicros§0pic
openings in the sphalerite

Seeond intraemineral fracturkng -- After thé deposition of a cone

siderable amount of sphalerite, many specimens show & second period of
fracturing, Dvidenee of it is not abundent, but the Lracturing is a
little move widespread than was that of the Lirst period. Veirzing by

salens establiched ite relative age.

Introduction of palens ~~ In sume speciuens galens follows sphalerite
in order of introduction, for galena velns, corrodes, and rounds erystals
of early sphalerite. ‘In meny specimens, however, the two minerszls seen
to be conbemporancous. Reversals of paragenetic relations are common,
and in bulk both are best classed as “intermediste age™ nineralss Doth
recur in small amocunts associsted with later minerals,

Third intre-mineral fracturing -- Some specimens display moderate

fracburing that ococurred after the deposition of both sphalerite and
galena vas largely completes The fracturing is shown by cross=cutting
veinlets occupled by later minerals, and by brecciated vein meterial
which hes been cenented by late quartz.

Introduction of chalecopyrite -- Blebs of chaleopyrite in sphalerite

are interpreted as replacement Ceatures, Chalcopyrite occurs as replace=

ment grains along boundaries of sphalerite and gelena, and in veinlets
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cutting these and earlier minerais. Ite time of introduetion is believed
to be later than the time of introduction of galenas This is based on
the veining and replacement of galena by chaleopyrite and the lack of
recognizable reverse relations, The chaleopyrite is only present in
nminor amounts and in small grains, however, and replacement features

of chalcopyrite by gelena might be present but not identifisble as such,
Chalcopyrite oceurs contemporancously with all later minerals, ‘

Intraducﬁion.gg latest minerals ~=~ A varied sssemblage of ninerals

was deposited during the last stege of minsrnlization. These minersls

are minor in amount, and, aside from gold, are lacking in the majority of
specimens, Minor variations in the paragenetic relations of these minerals
exlst between specimens, but on the whole they seem to have been intro-
duced at about the same time, after the bulk of sphalerite and galema

had been deposited.

Tebrahedrite and tennantite -« Tetrahedrite and tennantite are very

rare and were only observed as microsecopic grains, Tetrahedrite was seen
in a specimen from the Mineral Park disteict and in a specimen from the
éptimm mine, ihat may be tennantite occurs in e specimen from the Incky
Baldwin prospects The two minerals are contemporancous with silver mine

erale in tiny veinlets and cavity fillings.

Complex silver minerals == The most abundent silver mineral is DIOOUS
tite, and it wes observed in only a few specimens, Accompanying it in
some specimens eare minor amounts cf‘pyrargyrite. polybasite, or miargye
rites The relative age of these minerels is established by their presence
in veinlets cubting across galena and chaleopyrite.

These complex sulfidés are believed to be primary. The best evidence
of this is that quartz, gelena, chalecopyrite, and ruby silver ocour as

segments filling the same veinlet. This is indicative of simultaneous



deposition, and if the galena and chaleopyrite are primary the ruby
silver must be primary. Bastints detailed study im 1913 14/, at a time
when speeimens of the silver sulfides were more abundant, gives many
other criteria which also suggest that the silver sulfides are primary.
Gold -~ Cold, which invariably is recovered in emell amounts frem
the primary ores, has not been detected, either in hand specimen or
under the mieroscope, end its parsgenetic position is unknown,
Calelite == Calelite ig thoe nost abundant of the late minerals. It
is present in many velns and in some places congtitubes & large part
of the gangue, Caleite ig cormonly nresent in specimens that show the -
late peried of intre-mineral Tracturing, and it filis veinlets that
transgress gelene and spalerite. The caleite, which is milky-white
to colovlossa, is eommon as crusts of cuhedral crystals,

Hencancealeite -~ White to pale pink manganocalcite forme the gane

gue of a gveeimen from the De La Fontaine mines The refractive indices
were determined as ﬂé % 1,684 and N, * 1.7 plus, which indicates a con=
tent of approximately 42 percent Mﬁﬂﬂg.gw/. It veins galena in severel
places and is possibly the same sge as caleltes

Siderite == fiderite was cbsorved in only a few specinmens bub fron
such widely scattered locations as the NMew London mine, in the Cerbat
digtriet, and the Lucky Baldwih nrespect, in the Chloride diptrict. It
was yrovably introduced gﬁ the seme time as eglcite for it velns galena
and sphalerite. It ranges from light brown te grayish black in colors

Fluprite ~~ Fluorite oeccurs in at least two veins. Specimens
collectod frmﬁ the dump of the Altate nmine contain small clusters of
golorless to light zray cuble crystals one-sixteenth ineh or less in
sizes These crystale are sebt in a matrix of black oxide materisl, and

none is in conbaet with the hypogene sulfides. In a specimentron the
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Tintic mine a small band of colorless fluorite is superimposed upon a
layer of quartzs This fluorite likewise does not occur in contact with
eny sulfides, and its paragenetic position cannot be determined.

Stibnite -~ Stibnite occurs in the Chloride distriet, but no econ-
omie emounts have been discovered, The known deposits consist of a few
small pockets located within a granite porphyry dike, This dike is ox-
posed about 600 ;gg;g northeast of the Hercules mine and runs parallel
with the Badger-Hercules veins in a west-northwest directions A distinet
vein is lacking, but the prospect holes have a linear disposition along
the length of the dike and the granite porphyry is hydrothermally altered.

Ixamination under the mlcroscope reveals that the grgnite poOrphyry
first was subjeeted to mild fracturing that egtablished srall openings.
These were ubilized by mineralizing solutions which first deposited quartz,
typically in small suhedral crystals. Stibnite followed, and it surrounds
and corrodes small comb quartz crystals. Later cuartz occurs in veinlets
cutting the stibnite, No other sulfides were observed in the deposits,
whieh prevents any satisfactory dating or placing of the stibnite in the
regional peragenesis. There is the possibility, of course, that the stib-
nite represents a different period of mineralization.

Postemineral freocturing ~- In many speeimens post-mineral movement

ig evident, In some places thorough brecciation has been accomplisheds
The lack of any primary mineral filling in the Pfractures indieates the
post-nineral age. The effects are well demenatrated‘in specimens fronm
the Payroll mine dump. In these complete breceiation took place, result-
ing in angular‘fragments averaging less than half an ineh in size, The
fragments have been tightly cemented by iron oxide.

Summary -- Emphasis has been placed on the time of introduction of

the various minerals, for recionelly the sequence is uniform, The
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period of deposition eof eny particular minersl, however, cennot be
generalized eunsilye Perhaps the best swmary statement is that quartz
wags deposited intermittently through the period of mineralization, the
bulk of the pyrite and arsenopyrite preceded sphalerite and galena, and
the bull of the latbter two minerals preceded the latest minerals, Dew
position at any particular time and place was p function of such voriable
faectors as temperature, pressure, concentrs. ion, rate of solution ascent,
and permesble openingse. As a result, the mineral relgtions in some
specinens differ from those in obher specimens, but all ave contained

within this general paragenetic peattern.
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PARAGENESIS OF HYPOGENE MINERALS

(Vertical lines represent periods of fracturing)
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Figure 29 -- Paragenesis of vein deposits.
Horizontal spacing is accommodated to the
paper and indicates relative positions of
minerals, not time units. Dashed lines
indicate minor significance.
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SUPERGINE MINERALS

The Pollowing minerals have been #etermined from the oxide zone of
the vein deposits:

"Limonite® , » s Fine-grained isotropic oxides of ironj very abundant.

Goothibte + ¢ ¢ « }'?8203,1220 |

Jaroalte ¢« « s # KEOQEFezoggéses.ﬁﬁzﬁ Present in linonite.

Plumboe jarosite . Pb&.SFegas.ésBS,éﬁéo

ILimonitic jagper : ~ Comon

Aceompaniesg limonite
in places,

Homatite « o ¢ o Fen,0,
D

Chaleanthite o o CuS0, «5HL0
} - ’ HMine walls,
Ivonecopper chaleanthite o » (Fe,ca)504¢5ng '
Anglesite + ¢ » PbSO, i |
Cerusaibe « & « P%Q05

Cowellite .« « « CUS > e Common

Scorodite .« ¢ + FeAsOg2H0

Mimebite « « » » PbﬁclAﬁsclaJ
Chalcocite » + « Cugh N
Guprite » « 2 » Guzﬂ
Metive ¢opner « Cu

¥elachite ¢ « Eﬂuﬁ.ﬂﬂa.ﬁgﬁ > memeemm——— RATE

Agzurite & * & & ?’CQOaCGEQE?Q
Zing cnrbonates
Mative sllver ¢« Ag J

Forrous arsenate(?)

Coatings
Menganese ogides
Gypsumt o« » o & 08850 .Bﬁzo
4 - Rare

Coleites o » « G&COE’
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Bastin 66/ mentions secondary argentite (ﬁ:zs)ranﬁ proustite (5Aggssﬁszsg)
a8 being very minor constituents of sone orea,'and Sehrader 72/ states
that horn silver {cerargyrite, AgCl) was an important mineral in the oxide

zong of many veinse

CIITIRAL FEATURES OF OX AT O

Oxidation effects have been of considerabls economic imporiance,
Rich deposits of native and horn silver were Io r:‘m& in the oxide zones
of many of the veins, and 1t was the discovery and exploitation of these
nearegurface deposits that was responsible for the carly prosperity and
~r0w*h of the reglons Mogt of these deposits were exhausited prier to
1900, but oxide deposits of marginal grade received attention in the years
immediately preceding World lep I1.

As might be expected in an arid climate, whers relatively high
temperetures prevail, and whers the irregular surface flooding is widely
gpaced in time, exidation has been thorough in the upper porbtions of the
veins, The effects extend as deep as 350 feot in veins on the higher
slopes, where the water table iﬂ/oonsistentlv lew, However, the general
limit of strong oxidation is ebout 100 feet, and in most veins the depth
is between 50 and 80 Peet, The trensition fron oxides to galfiﬁﬁs cOolw
nonly takes place within a distance of 10 to 15 feebe

The preducts of cxidatien,being derived from an agregate of sulfide
minerals, ave numerous. rurthermore, differences fron place to place in
cccurrence and guantity of the sulfide and gangue minerals add to tne
complication of the ond products. However, disgnostic oxide minerals,
textures, and structures oceur in many veins, These aid in the recons
gtruction of processes of solubion and deposition within the superficiel

Bt
zone and can be of value in the search for new ore bodbéss
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Role Of Fansue we Locke hag clagsified gangues as inert, and slowly,

noderately, or rapldly reactingbzé/. The predominance of cuerts as a
primary gangue mineral in these deposits might be expected to give an
inert envirorment for oxidation processess In some places in the velns
this seens to heve been true., In other places, where caleite was
sbundant, raplid nentralizatlon oceurred. As a general rule, though,
the foldspathic nature of the wall rocks and the abundance of altered
country vock snd clay gouge within the velns has provided what Doswell and
Blanchard term an environment of moderately slow néutralizcr RS s

Lingnite == In the following discussion of the products derived
Prom the varions primary minersls, the term "limonite" will be used
broadly, In sll speeimens that were examined microsecopleally, the
bulk of the izon oxides is microcrystalline, isokropie, and indeter-
minable o5 other t an "limonite". Of widespread occurrence, however,
are seell anounts of gocthite and jerosite. In some specimens henmebite
snd plumbo javosite were cbeserved, the latter in assoclation with other
lead mincrals, The probable presence of some or all thesec ninerals
will be implied where limonite ig mentloned.

Pyrite = Pyrite is present in all the veine, This miveral,
tnroush reaction with oxygenated water, produces the powerful sclvents
feryic sulfate and sulfuric acid, which are effective agents in the

zidabion of sulfide nminerals 75/. Pyrite has been the chiel souree
of the ubliquitous limonite, both from the direet produetion of ferrie
hydroxide after pyrite and from resctions of ferric sulfabte with the
other sulfide mineralss

Argenopyrite -- The typical oxidized derivative of arsenopyrite
ig a prenular intergrowth of scorodite and limonitle particles, built
in a distinctive arborescent structure 76/. If the arsenopyrite was

part of a complex sulfide mixture, the gramler intergrowth is modiBled
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by the presence of a cellular boxwork structure, a granular fretwork
in the matrix, and the presence of intergrown extrancous minerals,
notably mimetite. In oxide specimens collected from the veln deposits
of the Cerbat range, pale green to olive-drab granular and arborescent
enerustations of scorodite coat the walls of oxidation voids, Limonite
accompanies the scorodite but is not abundant. Cellular boxworks and
granular fretworks do not seem to occur, but this msy be an accident of
ecollection. The as ociation of extrancous minerals is well shown in a
specimen from the Mpllie Gibson mine, where numerous colorless bto white
tiny prismatic erystals of nimetite are intergrown with the scorodite.

Purther evidence of the possible former presence of arsenopyrite
is the occurrence in oxide specimens of apple-green stains. These are
assoeiated with the derivatives of sphalerite and galena, and are pre=
sumably ferrvous arsenate 77/4

Sphalerite == Zinc sulfide reacts readily with oxidizing solutions
to produce zine sulfate, The latter has a relatively high solubility
and bends to be carried awey by downward percolabing waters. In the
completely oxidized oves this process hes been very effectlve, for no
traces of zine minerals remain, In partly oxidized ores, secondary
products efter sphalerite are present in smell emountss Small eracks
in some svhalerite will effervesce with hydrochloric acid, indicating
the possible presence of Tilms of smitheonite, and sphalerite that has
come in contact with cuprie sulfabe solutions has developed irregular
veinlets and borders of covellite.

Though zine has been lost, its former presence can be demonstrated.
The ore deposits are characterized by an enviromment of moderately slow
neutralizer, and under such a condition sphalerite tends to change into

disbinetive residusl structures of limonite and limonitie jasper.
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Examples of coarse cellular boxworks, fine eollular boxworks, and cellue-
lar sponges correspord with the three tynes deseribed by Boswell and
Blanchard 78/« The agreement is not surprising in view of the fact
that these suthors used two specimens from the Goleconde mine of the
gerbat districet in figures illustrating the typical development of
coarse cellular boxworiks

Galena =~ In contragt to the loss of zinc, lead is well preserved
in the oxide zone, This is to be expected, as lead sulfide, reacting
with oxidizing solutions, forms the nighly insoluble mineral anglesite.
Goatings of angleéige are conmon on partly oxidized gelena, and kernels
of such protected galena can be seen even at the surfece of veins. MHost
of the anglesite has reacted with water eontaining carbon dioxide, and
the anglesite has a coating of cerussite. In some specimens the reaction
has been eomplcbe, and cerussite 1s the only lead mineral present.
Ceruseite is also relatively insoluble and is sbundent in the oxnide ZOnC.
Like sphalerite, some galena has reached with cupric sulfate solutions,
forning veinlets and rims of covellitan_

Thouzh the former presence of galene is readily detected from the
oceurvence of the insoluble sulfate and carbonate, 1t is also indicebed
by the development of residual structures of limonite and silica. Dos~
well and Dlanchard deseriVe cleavage voxworks, portially sintered erusts,
ragged cellular structure, and an ochreous orange limonite color as
disgnostic derivatives 79/. Cleavage bozworks are well developed, and
their fine, closely-spaced, parallel cell walls are easily identificds
The other features nay be present but are aifricult to distinguish with
any degree Of ASSUTANCEs

ite -= Chaleopyrite is present only in minor amounts in

Chaleop

the sulfide ores and therefore has not eontributed significant quantities
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of naterial to the oxide zone., But whers formed, the oxide products
are of considerable variety, In the presence of scid solutions chale
copyrite is ensily converted to ceprer sulfate. “ydrated forms of this,
as chalesnthite and ironecopper chalcanthite, can be observed along the
walls of drifte in many of the mines. The basic carbonates of copper,
nelachite and azurite, are sbundant in the Clyde vein, and malachite
pecurs in small anmounts in a few other velns, These minerals probably
rormed tirouch resction of copper sulfate with earbonate sangue material.
Seeondayy crhaleoeite also oceurs in the oxide zone of the Olyde mine,
where the neees-ary neutral conditions for its fommation seem to be due
to ‘the nresence of carbonate gangue. In places oxidation of the chale
cocite has produced euprite, Continumed action, possibly from the effect
of Perrous sulfete, has resulted in the reduction of the cuprite to
native ecoppers OCuprite and netive eopper vere obscrved only in the
Clyde mine, whiech has an unusual amount of ghaleopyrite in the primary
ore, and their development represente & speclal and not o general condie
tion,

Covellite has developed through the setion of cupric sulfate on
gphelerite and galena. Uinor amounts of covellite have formed, in
gimilar fashion, from blebs and amell veinlets of chelecopyrite that
exist in partly oxidized spocimens,

Due to the fine grain sgize and small quantity of chalcopyrite
in the primery ores, characteristic limenite structures gould not be
expected and have not been observed in the oxide specimens.

gilver mineralg == The complex eilver mirerals were present in
guantity in the upper portions of some of the voins. These would yeact
ensily with exidizing solubtions to form silver sulfate, Pagtin detoere

mined a chilorine cortent of 20 perts por million in a wabtor sample from
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Tennessee Wash 80/ With such surface waters the silver sulfate should
react to fom cerargyrite. Some argentite would be expected where the
reactiong were not comﬁlete‘ Part of the silver sulfate in the middle
and lower portions of the oxide zone should suffer reduction, resulting
in the produetion of native silver. This order is horne out in the
history of the mines, for horn silver was the chief near-surface ore
minersl, and plates and wires of native silver were encountered at
greater depbths

. Gold e dnall quantities of gold have heightened the value of many
oxide ores, through concentration resulting from the leaching away of
sulfide minerals. In addition, some enrichment may have oeecurred through
weathering and the mechanical downwﬁrﬁ ghift of gold particles. Chemlecal
enriehnent is thought to have besn negligible.

Other minerals in the oxide zone -- Small seams of selenite were

obgerved along the Tootwall of the Bilver Hill vein. These seams pro-
bably formed by the remction of gangue ealeite with sulfate solutions,
amall white stalactites of caleite are currently forming on the back
of the main adit in the Mint mine. The calcite has a rough, mamnillary
outer surface and a finely crystalline interipr, Black coatings, which
appear to be manganese oxide, are common on surface specimens of vein

naberial.

INTERPRATATION OF GOSSANS

Some veins have no surfoce expression, Most have iron~stalned
possans, and many projeet as strong ridges of quartze Various featurss
of oxidation could be used to advantage in debtalled examination ard
prospecting of the veins. Stoped sectlons of velns often extend to the

A
present surface, and some of thoese must have followed seononic ore bodies.
A fow ere reported to have lain beneath depressions along the strike
of the veins. Prospeeting for depressions which hove resulted from the

oxidation shrinkage of sulfide ore bodies might prove worthwhiles The
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mothod is complicated, however, by the fact that meany veins contgfin
large quantities of soft gouge, which can erode easily end produce simie
lar effoetss

lead minerals are persistent in the oxide zone, and in pleces
kernels of goalena cceur at the surfaces These obvious indications of
ore shculﬁ be sought, That they may have been overlooked, despite the
long history of prospecting and mining in the region, is exphasized by
the fact that indications of thie type led to thé disecovery of & amall
but relatively high grade deposit in the Mineral Perk district in the
gummer of 1947,

Less obvioug, bub perhaps of equal value, are the dlagnostic boxw
works and limonite residues left in the gosgsans by sphalerite and galena,
Svetonatic and detailed search for these derivatives could be of cone
siderable value in guidine exploration, for they are frequently well
preserveds It should be poinbed out, though, that thelr absence in
an ouberop might not mean a lack of sulfides at depth, for they may
be mutually interfering to a certain extent or may be nasked by derie
vatives of pyrite. If the pyrite content is greater than one-qguarter
the tobel volume of the mixed sulfides, the diagnostic deri%atives will
£ail to develop 81/. This ratio undoubtedly is emeceeded in places in

these oresas

SHCOIDARY HIRICHER

i d

seeondary exrichmont has been of no cousequence in the vein dew
noeits. Zine vas removed fron the oxide zone but was nob precipitated
at depth. Lead wes oxidized, but the products migrated littls, if ab
all, £rom the site of the origlnel sulfides. The seme seems to have

been true of the silver minerols, inasmuch as highegrade silver ore
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ceme from'the oxide mones Furthermore, the silver sulfarsenldes and
aulfantinonides are believed to be primarys Thus, there has been no
apprecisble impoverishment above the water table, and no enrichment
belows

Cupric sullete solutlons, however, derived in small quantity from
chaleopyrite, in places have penetr&ta& the primary mineral zone. The
result hos been the rere development of insignificant anantities of
chaleocite after pyribe, and covellite and chaleoeite after chalcopy-
rite, More common has been the formation of films of covellite on
sphalerite and gelenms Technically this anounts to coprer enrichment,

but it has not added to the value of the ore,

“ALL ROCK ALTERATION

BPPects of wall rock alterstion that arve visible in the field
ordinarily extend only a few feet fron the veins, The most obviocus
alteration ogeurs in the mmerous mefic dikes that oceppy one or€¥ﬁﬁh
walls of wany veins, However, deuteric elteration is a common foeature
of such dikes, especlally lamprOphyreé, and hydrothermal action cannot
be msasumed to be the sole agent, Furthermore, the avalloble portlons
of many of the veins are colely within the oxide zone, and there altere
ation effoets have been further nodifled by supergens ProcesseSs

Comprehensive investigation of the alteration has not been attenpled,
wut s series of semples eolleeted undergroudd in the Tennessce=Schuylikill
mine hae given an indieation of the type and degree of change lmposed
on granite:gnaiss, the prevailing roek type of the nineralized arez.
Semples were taken along tho eross-eut ab the 1,000 foot level from the
shaft to the vein, The vein is approxinately five fest wide where
interecpted by the eroms~eut, The bagk is timbered, but on the west

wall, where sampling was gtarted, 12 inches of vhite quartz containing
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narrow seams of sulfide minerals is visible,

The last semple taken wes 150 feet west of the Tennessee vein,
However, a parallel veinlet occurs 50 feet west of the vein, and the
effective d;stance for solutions to travel to this specimen is only
100 feet, The rock is & fine-grained injection gneiss composed of
querbz, feldspar, pyrozene, and blotite. Selective alteration has
affected about £5 percent of the minerals, whereas the rest are clear
and fresh, Port of the alteration may be deuteric, but the presence of
abundant pyrite, vhich is not a normal eomponent of the gneiss, indicates
that mineralizing solutions have penetrated the roclks Sacbndary nroducts
are bioctite, Pormed along the course of a veinlet of pyrite and chlorite}
chlorite, muscovite, and biotite, a ter diopside; chlorite, epidote, and
magnetite after primary biotite; and sericibe, chlorite, epidote, zoisite,
and clay mineral in microerystalline sggregetes after feldspars A well
formed vermicular ervstal, 0,13 by 0,06 millimeter in size, suggests
that the clay mineral is kaolinite,

With the exception of the occurrence of calcite, formed in some
specimens after biotite and feldspar, this sulte of gecondary minerals
characterizes the country rock to within a short distance of the veln,
Alteration does not seem to hove affected more than 25 percent of the
minerals, and in some specimens not more than 10 percent. The first
change in the alteration suite noted in a specimen taken 30 feet west
of the weins The oceurrence of a parallel veinlet 20 feet west of the
vein means a distance of 10 feet from a mineralizing chamnels This
gpecimen is a fine-grained carnetiferous granita gneiss about one-quarter
selectively altered to chlorite, calelte, epidote, pyrite, sericite,
clay ninersl, and possibly biotites I% ig similar to specinens farther

out, except that secondary sphene oceurs as replacenent lenses in
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biotite.

4 specimen taken 10 feet from the maln vein is completely altered
and comparable in every respect to rock immediately adjacent to the
veln, The alteration is anomalous, though, and nmust have been caused
by & solutlion channel not apparent on the wall of the crossecut, The
probable presence of such a channel is supported by the oceurrence of
veinlets of clay nimeral in the specinen,

A specimen of garnetifercus granite gneiss, taken five feet from
the vein, is only 10 to 15 percent altered. The secondary minersls are
chlorite, epidote, pyrite, biotite, sericite, and e¢lay mineral. Sphene
is present but does not scenm to be secondary, thoush it was expected on
the basis of its oceurrence in the specinmen 30 feet from the veini

The roek adjoining the vein, and in a zone not over two feet wide,
is thoroughly altereds A fine~grained gneissie texture is visible, but,
unless some primary quartz is present, no original minerals have sure
viveﬁ. Bleaching is prominent, and the roek is lizht gray to white.
Irregular, interlocking grains of cuartz make up 35 to 40 percent of
a specimen that was cut next to the veins, Apparently contemporaneous
with the quartz is approximetely 3 percent white mica, seatitered through
the segtion as tiny plates. Rendom, subhedral erystals of pyrite are
earlier thon the guzrtz and white mics, or contemporaneous, for the pyrite
ie eorroded by the latest mipernls. The latest minerals are sphene,
sericite, and clay mineral, The sphene nakes up epproximstely 5 percent
and the seriecite and elay 55 percent of the rock, Nost of the sphens
oceurs as long stringers end lenses replacing the plates of white niea,
It follows the foliate structure of the miea with exeeptional regularity
in most places. The balance mflthe sphene oecurs as irregular grains and

tiny erystals assoclated with the sericite and elay minersl. In the
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speeinen ;O feet from the main vein, sphene is intergrown with serie

cite in a comb erust that lines the walls of a microscopic clay veinlet.
The sericite and clay in this thoroucshly aliered rock ape aboub egual in
amount and are pregent in microscopic intergrowths. Hach was observed

to eut the other in nmicroscopic veinlets, and tﬁ& agsunmption is that they
are escentially contemporaneous in age, They both corrode and replace
the quartz and white nica,

On the basgls of the foregoingobservations, the alteration processes
ean be divided into three stufeé.

(1) Pirst is the widespread but wemk development of chlerite, pyrite,
epidote, scricite, clay, and minor amounts of blotite and calcites This
aptly can be termed propylitization, for it is similar to the stage of
propylitic alteration that-cha@vcﬁerizes many nining districts 88/.

(2) Sacond,'and restricted to & parrov zone adjeining the veln, is
a sgtage of silicification, with the development of flakes of white micas
Pyrite may or may not be contemporsneous with this stege. A trensitional
zone with the preceding propylitic minerals probably exists, but in the
specinens examined the earlier alteration proéucts, posgibly execepbing
pyrite, have been destroyed.

(®) The last and presumably nmost intense stuge is distinguished
by the formation of serieite, clay minersl, and a small quantity of sphenes
These ninerals replace the guertz and white mica and in extrome alteration
should be the only minerals present.

That the ultinmate stege is represented prineipally by sericite
and elay mireral is shown by totally altered specimens of diabase, granite
porphyry, and hornblende schist that were baten from the walls of three
different veins, Aside from e Ffew residual quartz grains in the gronite

porphyry, relict textures are the only remains of the original rocka, The
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specimens are yellqwish gray, consisgt of about equal amounts of sericite
and clay, and are stained to varying degrees by limonite, The specimens
cane from the oxide zone, and pyrite or sphene, if originally present,
could essily have been removed, Furthermors, some of the elay eould be of
supergane origine The bulk of the e¢lay, however, is believed to be
bhypogene, on the basls of the elay observed in the wall rocks 1,000 fest
below the surface of the Tennessee vein. The formation of the same final
alteration products, regardlese of the initial type of wall roek, shows
a strong dependence on the composition of the solutions and not on the
composition of the wall rock, As discussed by Butler 83/, this is an
expocted Teature of hydrothermal alteration, '

A parbicularly interesting occurrence of elay mineral was noted in
the roof of the south stope at the 1,000 foot level of the Tennesgeew
Sehuylkill nine, in June 1948, A white substance was seen approximately
in the center of the ore-shoob, within an area of sulfide nminerals. It
wag thought to be perhaps late silica or a sulfate ninerel, Detailed
erxaminetion showed 1t Bo be associated with late quartz and erustified
galeite veinlets that cut earlier guartz and sulfides. The white substance
itself is en open space Tilling, and in one specimen 1t is situated between
veinlets of uarhbz and caleite, It contains tiny pyrite erystals snd ipre
resular greins of sphalerite, ac does the caleite, In hand specimen it
has a disgtinet pearly luster. Under the mieroseope it resolves into &
nievocrystalline sggregate of grainsg that have an aversge dlameter of
0,02 nillineter and exbtremely low birefringences Immersion oil determinae
tions gove a refractive index of 1,562, with another index that scemed %o
be abvout 145568, OUn the basis of the refractive indices, the pearly luster,
and the nature of occurrence, the mineral is tontatively identified as

nacrites The limited data correspond well with the descriptions given
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by Ross‘and Here §é/ for this minerals. Precise determihations are‘
planned, and it is hoped that further study of the occurrence can be
carried oult in the future, Though its source is unknown, its hydroe-
thermnl nature soenms indigpubeble.

Buceessive stages and zones of wall rock alteration have besn re-
gognized in many nining districta. Featufes sinilar to thosse that heve
been Geseribed above occeur at Cerro de Paseo, In that localibty Graton
and Bowditeh 85/ recoznize a feeble phase, charseberized by ehlorite,
caleite, and epidote; a moderate phase, marked by sericite; pyrite, and

iy )
guarbtz; and an intense phase, in which the rock 1la converted to quarts,
pyrite, kaolin (dickite), and slunite, Residual sericite is common in
this last phase, The mineralogy is similar to that in the altered wall
rock of the Tennessee vein, and the highetemporature dickite is notew
worthye With alunite, dlekite ig supposed to represent a late acid

condition in the mineralizing solutions. Sales and Heyer 86/ also nons

tion diekite as oceurripg nesr the hot center of the Bué%e, Eagﬁfiﬁ
camp and in association with serieites, This seems analogous to the
sericite and naerite {?) associated with the Tennessee veln.

The introduction of sphene in the last and most intense sghege of
alteration is uwmusual., Sphene is not uncommon, however, as a deuteric
alteration product in igneous rocke and is prescnt in many contapd nebas
morphic rocks. Olllson discussed sueh occurrences in his paper on The
Pend Oreille district g7/. The pneunatolytic or hydrotiermal origin
of sphene in lgneous and metaqp%phie rocks indicates that 1ts asscelation
with hydrothermal veln formation is not illogieals Recent analyses by
Suheme £8/ show that the sphene lattiee, of the specimens ezamined,
econtaing fluorine in remarkable amounts, Jaffe 89/ has also demonstrabed

the presence of fluorine in a number of specimens of sphene, This is
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perhaps significant as to the mode of origin of sphene. It would be
interesting to know if any correlation exists between the amount of cone

tained fluorine end a deuteriec or hydrothermal source.

VEIN STRUCTURE AYD EXPRUSSION

s

With few exeeptions, the veins are well=defined tabular bodies,
Gouge and breceia line most of the walls, and the walls broak frecly
from the country vock, TFrozen walls, cemented by primery quarts denogl-
tion, are less Ffrequent but not rare. The fractures oecupied by the
velns are regular and in lavge seale are gbraight or broadly curving,.

In detail, changes in strike and dip ere mumerous hut are not pronounced,
Splits and "horsetails” ocecur in places in conjunetion with mmell changes'
in vein orientation, As shown in Plate 4, linkage of veins elong the
strike is common, In the eamstern part of the Chleride distriet, where
most of the veins have & northwest gtrike, dips in the upper portions

of wome velns are opposed to those in other veins, The dips are steep,
and exploration hes not gone deep enocugh to diseloge pessible interseoce
tionsy

4 common feature in the veine im a Jaminated structure formed by
alternating layers of yellowish gray gouge and quaytzs The quartz is
typically vugey and may or may nct’contain.suxfideﬁ, As an example, a
vein may have foux or five layers of cuartz that are 1 to 6 inehes across,
separated by leyers of gouge of similar thickness, Veriations ocecur,
but the seams of cuartz rerely exceed two foot in widths The stmezture
is illustrated in the sketeh of Pigure B0. Much of the souge contains
crushed and rolled Pragnents of country rock and quartz,

Heost of the veins are only a few foet wides Widths up to 80 feet

occur, but wide veins more accurately can be ealled nineralized ZONEs,
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Figure 30 -- Transverse section of Alice vein
showing laminated structure formed by
al ternating layers of quartz and gouge.
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for they bave & composite structure in vhgeh a numbor of closely-spaced
narrow veﬁnu are geparated by gouce and country roek whieh heg been
altered, shoared, erusied, and in places silicified, Considerable
variations in thickness ogcur, and portions of sore vein~ have no sure
face trece., In such places indications of mincralis zation, in the form
of gnall ouarts gtrinzers or altered country roek, are usnally nresent
in prospect holes along the ling of strilte, Most of the veins are cone
tinuous and distinet at the surface. Meny extend for over a mile, and
the Tennessee vein ean be traced two and oneehals mileg.

The surface expression of the veing iq diverse, there a wide cone
posite vein zone teeurs, the combination of iron=gbained quarts ang albered
schist and gneise gives o reddigh brown to varplish hrown outeron, flush
with the adjacent surface in most places. In some nmarrow veins strong
quartz ledges protrude several Teet ohove the general surface, The
tuartz in these ladges ig stained yellowish to reddish brown and black,
and sone iz honeyecombed from the removal of primary sulfidess Ledges
of thig tyne oeccur along the Mary Bell and North Georgle veins, and oute
crops of falrly s0lid quertz stand ac meh es 12 feet wide and 10 feet
high, An outerop of the Mary Bell vein ig shown in Pigure 31, A come
pogite type vein with a less prominent outerop, the New Tennessee, is

ghown in Figure 38,

BT SRAL T4 J;.mm OF PalyAny DIJI‘JL:J.TI(LN

Certain aspoets of deposition are common to all the veins, One of
the most obvious features is an asbundance of comb and rosetite quartz with
asgoelated open vugs end dmuses, Tuhedral erystals of cuarbz ohe=half -
to three-quarters of an ineh in diameter are not unusual. Sulfide mine

erals older, younger, or the same age as the quartz, are associated
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«» Outorop of Maxy Bell vein.
szmnt quartz ledge stands as much
as 10 feet sbove surrounding country.
View looking north.
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32 == Outerop of New Tennessee veins
Tesentislly & sharp zone of sheared,
brecciated, altered, and sildeified
smphibole sahs.u‘h Note topographis
depressions formed along gouge selveges
on either walls Veln is B0 feet wide.
View Looking northe



l‘:‘.’g ®
with rary of the combse In addition to open combs, crustiriestion

gtructires, formed by cuecessive layers of minerals, are also abundant.

Hoigy of the quartz scams that arve part of the lamineted structures in
Phe veins are forned of these erustified £illings. A line of small

vugs charecteristically marks the center~line of a filling.

Lp ezemple of symmetricel £illing of a ansll fissure within = veln is
shovn in Filgure 38, These featurcs imply that open space filling vas

an importent factor in the fornation of the veins. Replacement of
hypogene ninerals by ene enother operated to & lorge extent, and rém
placenment of the wall rocks was widespread bub ehiefly by quartz, pyrite,

gericibe, and kaolln, The vein boundaries are sharp, ard the ore

minerals seen to have been deposited endireiry within the fissurss,

L%

v

Variable crystallinity is another cheracteristie feabure, esp&ﬁiallv
in the quartzs In come places the suifide minerels yange from microe
scople grains to crystals more than 3 centimeters in size, but in most

speglmong the range is from a fow millinmeters to 1 or & centimebeors,

lomodintely adjacent to esuhedral erystals, Iavers of eyyptocrystalline
quartz occur in erustified bends and usually heve a delicate s#Rlloped

s

banding that 1o suggestive of repid deposition 90/« A few specimens
vegre observed in which fregments of early quartz and country rock have
been surrounded by successive delicate layers of erypbocrystellire and
finely exystalline guerts, produecing a cockade structure mi/' {Bee

Plgure 54) .

CLASSIFICATION OF DEPOSIES

lindgren classed these depousits as "pyritic galena-quartz veins”,

comparable %o those at Freiberg, and placed them in his mesothermel



%M 33 == Small fissure filling: New

oon mine, scuth fece of drift, 150 foot
level; summer, 1948, Note symmetrical
deposition of quartz and sulfides in
sarly crusts along both walls, followed
by centrel f£illing of quartz, Line of
tiny vugs has been left in center of this
late quartz band,



Figure 34 -~ Dellcately bended, chelcedonic and finee
grained cuartz from Surore vein, Note that early
bresciation; with subsequent cockade-type deposition,
has been followed by later fracturing, with fommation
of finely banded veinlet in lower left part of
specimen,
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ﬁivision'gu/a Diagnostic featurcs include the predominaace of the base
netals, ihe regularity of the ve}ns, and the welledefined, mostly free
walles Yeb, if Lindgren's system is to be followed ¢losely, the veins
fit his epithermal classification even better. The erustiféed £illings,
comb-gtructures, drusy ecavities, and vugs are irdiestive of deposition
under conditions of relatively low pressure, where openings can be selfw
sugbaining. The declicate banding and the oceurrence of cyyétacryetal~
line quartz suggest pressure and temperature conditilens that eould be
maintained only at comparastively shallow depthse Furthermore, the
presence’ of complex sulfo=-salbz of silver is usually agsumed to be
indicative of low~-intensity or shallow conditions,

The compromise which is obviously needed, if the deposits are to
be fitted into a hydrothermal depth-zone, is provided by CGraton's lentoe
thermal zone 2;/’ The general deseription of this eategory fits these
veing nicely and aligns them with base-metal déposits of the type found
in the San Juan mountains of southwestern Colovado, and with the veins

of Casapalea, Peru 947,

HIERAL ZONING

o evidence was found of distinet goning, elther vertical or horie
zontal within the veins. On the contrary, chanzes in texture or shbructure
follow no consistent pattern, and all the data that were colleched on the
mineralogy, and the percsubages of various mevais, show a uniform nineral
digtributions Veins on the sdges of the minerslized beld conbain the
geme minerals, in the sanme average proporbions, as those in the center,
the ore in the botton of tho Tennessee~Sehuyliill aine is essentinlly
the same as that found in velns near the crest of the range, though in

places this means a vertlieal difference of over 3,000 feet. That vertie
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cal zoning of the precious netals must have obtaired is suggested by
the reportedly rieh values mined from the oxide wone, for present ores
do not seem capable of providing extreme values, cven through complete
leaching and alteration of the sulfides, If this were truc, however,
the velns at high elevebtions should still contain better values then
those at low elevations, end sueh is not the cmse. Tether, twe velns
that have produced ruby silver in guantity in the last 0 yeurs, the
Dimna {frizons Wapma), of the Chloride distwict, and the Yeystoune, of
the Mineral Park district, are both at low clevations, The distribu-
tion of vieh silver sulfidee appears erratic and wag probably eontrelled
by the loealized coincidence of pernmeable opeinings with & period of
high silver coscentration im the nminerslizing polutions,

According to Garvebt gg/, loeel horizontal zoning ceeurred in conme
of the ore sheots in the Tennessee~Behuyliill nine, Variaticng in other
veing also have beesn reported, and portions or all of some ore ghoots
are sald to have been characterized by high zold, or lead, or zinc.
Again, these variations may havé heen dependent on the openlngs that were
availsble at any one time to changing mineral selutions.

A zonel arrangement is present in the distribution of the vein
fipsures, for they ocecur in & leng belit, at the center of which ig the

&

disseninated copper minerslization of the ¥ineral Park dicteick. {8

<

9,

Pigure 27). A case might be made for metal zoning on the basis of the
eupriferous area suprounded by lead-zine deposita, ‘Eut, the latter also
occur within the *"eopper zone" and are separeted by a hreak in bime of
mineralization, The factors of time and structure have been paramnount

in determining the zonal relations of these two perieds of mineralization.
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Despite the abundance of veins, comparatively large quantities of
ore have been found only in the Tennessee~Schuylkill and Goleconda mines.
In the Tennessee~Schpylkill the ore shoots range from 1 to 15 feet in
width, but the usual width is about 5 feebt 96/. The width of ore in
mogt veing is from 1 to 5 feetb.

The lack of ore shoots of apprécieble size may be due in many
places to the quantity of gouge £illing in the veins. Sales 97/ has
stated, "A gouge filled fissure eppears to be distinetly unfavorable to
ore deposition, probably in part because the gouge chokes the fissure
and prevents the access of mineral bearing solutions, and in part be-
eause the movement along such a fissure is so mearly conbinuous as to
give no chance for the deliberate and undistmpbed chemical action whieh
seems recuisite for the formation of large, clean bodies of ore,"

Large, clean bodies of ore certainly have not bé?eﬁcountered in the
exploration of most of these veins, Rather, the typical oceurrence of
ore is in discontinuouse layers and lenses, which are situated on the
hanging wall, foot wall, or within the central portion of a vein. The
ore in many veins is surrounded by gouge, which needs support during
mining to prevent dilution of the ore. Huch of this gouge, whieh has
resulted from attrition by fault movement and hydrothermal kaolinization
and sericitization of the ecountry roek, formed prior to the depaﬁitian
of the sulfide minerals, This early presence of impermeable material,
at least locally choking the fisgsures, has apparently prevented the
deposition of any large amounts of ore in many of the veinss The dom=
inance of gouge, however, is not universal, Some veins are predominante
1y quartzose and have tightly frozen walls.

Segregations of ore seem to have formed where open spaces wWere

available for direect deposition of the veluable minerals. Even in heavy

gouge, bands and lenses of primary minerals display comb structures, Vugs,
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and erustificetion thet eould only form in cavities, There is no ob-
vious wall rock control in the location of ore, and fillings are as wide
in one rock as another. 7The veins may pinch and swell, but there is no
distinet correlation with any roeck types If the fissures passed into
volecanics or sediments radical chanzes might be expeetod 98/. As it is,
the highegrade metartorphic and intrugive igneous terrane, despite its
petrologic variety, has acted as a uniform host for fracturings

In view of the displacements indicated by the striations and slickenw
sides in the veins open spaces favorable for ore shoots could be a gfhncw
tion of chanzes in the configuration of the Tissures, Garrett gg/ gbates

*that ore ghoots in the Tennessee-Schuylkill mine cecur where the vein
has changed to a more than average northwesterly strike." The distri-

bution of stopes {See Plate 9) suggests that the presence of troughs
and ridges in the vein configuration also may have been of impmrtance,
Obligue-glip movement seems to have characterized most of the veins in
the region ineluding the Tennessee. The stoped area just south of the
Sehuylkill shaft is roughly "V* shaped and has a northward reke.  Such
an opening could be produced by obligue~slip movement parallel to a
norbhward-raking elonsate dome in the fissure wallgs, The shape of such
a dome would not remain sbsolutely the same along its lengthe Any
longitudinal displacement would produceé openings where a certain redius
of curvature im one well was brought opposite & different redius of
curvature in the other wall, The resulting opening would be "V" shaped.
The sketeh of Figwe 85 illustrates the mechanisw that might have vperateds
Thig suggestion is plausible but over-simplified. Verification of this
type of control could be gained through the use of a three=dimensional
analysis such as that suggested by Newhouse 100/.

Where gouge forms a large part of a vein~filling and is accompanied
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by striations and slickensides shear or slippage of the walls is indi=-
cateds lowever, layers and lenses of gangue and aulfide minerals
cormionly oceur as open-gpace {illings within thick envelopes of this
gouge. Slippage of gouge would not be eonducive to the production of
these open spacese. The most logieal mechenism is pulling apart of the
gouge by tensional stresse The occurvence of guch Tillingse suggests
that the veins have gone throuch an earlier elipping and a later pulling
apart, and that the pulling apart coineided with a phage of sulfide
deposition. 4 similar sequence at Pachuca, Mexico has been discussed
by Wisser 101/

The paueity of sizable ore bodies might be due in part to the strong
gouge Tilling of many veins. Purther explenation might lie in a searcity
of mebtals in the hydrethermal solubions, in & lack of fissure structure
that would produce openings during diglocation of the walls, or in
inguffieient pulling apiat of the walls where that mechanism operated.
The lack of sultable strueture is open to question, however, as the
na jority of the veins have undergone only very shallow exploration,
Detailed investigation of any single vein might reveal indications of

favorable struetnres at depbha.

AGE AND GENESIS oF _DE?OSITES

Age -~ The age of the nineralization is defined by the velations
between the veins and the whyolite snd andesite dikes, It has been
generslly believed 108/ that the rhyolite dikes are younger than the
ore deposits, but detailed mapping has Pailed to confirm this, In mvery
place where a rayolite dike and a vein have & clearly exposed conbact
the vein is later in age. Uvidence consists of offsets of the dikes
by the veins, thorough silicification of the rhyolite, and the presence

of comb quartz and sulfide stringers within the dikess No offset or
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traneation of a vein by a rhjblite dike was observed, The few small
andesite dikes that were seen in assoeilation with the veins are hydro-
thermally altered and presumebly are also pre-mineral in age, though
such oceurrences could be intra~minerels If the assumption of a Tertlary
age for the rhyolite and aidesite dikes is velid the minervalization is
of course Terbiary in age. The veine transect the disseminated copper
mineralization of Mineral Park, which is also younger than the voleanie
dikes,

Gonesis =~ If possible, generalizations regarding the origin of
an ore deposit ghould be made ;gg/. Suech generalizations must necessare
ily be based upon the observable relationships that exist between the
geolozy and the mineralization of an avea, In the Wallapal district
cerbain features are significent, and they are listed as the framework
for intérpretatian.

1) ¥ost obvious is the spatial association of mineralization with
the Ithaca Peak porphyry.stock of the Mineral Park district {See Figure
28), Disseminated sulfide mineralization is lecalized within this stock
and is at the geographical center of the helt of Ligsure qgin deposits,
It is noteworthy that this genersl patbtern of “porphyry"™ intrusion, asso-
ciated disseminated copper minevalization, and superimposed and surrounds=
ing leadwzine fissure deposits is repested in mgy districts ;Qg/; Analogy
is especially strong with the Bingham, Utah distriet where a center of
mineralization has developed in one monzonite stoek, vwhereasg a nearby
mnonzonlte stoek has no bh&ieus relationghip to the miaer&liaatian.é&@/g

2) Pre-intrusion structure was a factor in the emplacement of the
Ithaeca Peak porphyry. The @hloride distriet sill was injected into a&

gteeply-pitehing antieline, and folds guided at least part of the Mineral
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Park stock, No lines of shear or faulting were recognized thal mighd
have helped lécalize the intrusion, but vost-intrusion strees is indicated
by secondary foliation in the granite porphyry.

3) The pattern of the veins was céntrolled by nre-vein structure.
A strong northwest-trending joint system characterizes the region. Dikes
both older and younger than the Ithaca Peak porphyry have followed these
joints and show them to be featufes of long standing. NMany of these
jointes beeame mineralized feults, and the majority of the veins follow this
northwest trend, In the western part of the Chloride district the veins
tended to forn along fractures that are concordant with the anticlinal
gtructure of that srea, again a reflection of a pre-vein geologlic Teature,

4) A period of unknown but presumebly long duration separates both
the disseninated sulfides and the Pissure vein deposits from the tinme of
intrusion of the Ithaea Peak porphyry. This period is indicoted by the
injection of pegmetite and aplite, lamprophyres, and andesite and rhyo-
1ite dikes, all of vhich follow the Ithaca Peak porphyry and precede
rineralizatlons

Interpretation of reietious -- Ou the basis of the usual close areal

relationship bebween ore deposits and intrusive igneous masses the
inference is Prequently made that the mineralizing golutions have been
expilled directly from those masses ggg/; A divect genetic connection
between the Ithaea Peak porphyry and these ore deposits does not seen
vegoonable, however, owing to the time interval that elapsed between
intmsion and minervalization, and because of the injeetion of a variely
of dikes during that intervals. The interposition of gilicie and mafie
setellitic dikes, as a common ogeurrence in mining digtricts, has been
pointed out by ulin 107/. He showed, through a statisticel study,

that the ususl sequence is 1) major intr&Q:ian, 2) silicic satellitie
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intrué:ion, %} mafic satellitic intrusions, and 4) mineralization,
Iraspmch as the diaschisblc dikes are explainéﬁ as differventiated nagma
facies which have come from some depth beneath the exposed major intrusion,
the minevalizing solutions eye likewise attributed to a source at depth,
This easily leads to the conclusion, drawn for example by Spurr 108
and Loughlin ;Qg/, that the satellitiec dikes and the mineralizing solus
tions have & common source and sre merely drawn off at different times,.

gimilar reasoning night be applied to these Cerbat renge deposits
were it not Cor the complieabing appearance of andesite and rhyolite
dikes, avparently later in age than the diaschistic dikes but still
earlier than the mineralizetion, Accounting for then és further dife
Perentiation products of the body that yielded the lsmpropbyres is
difficult, They more likely represent new magne, and they separate the
mineralizing solutions from a posgsible Ithac& Peak porphyry source even
nore effectively than do the diaschistie dikes. The source of the s0oluw
tions becomes completely speculative.

Structural control seems to be the best explanstbtion for the close
aveal assoclation of the ore deposits with the Ithaca Pealk porphyrye
In a paper that furbher emphasizes pre-mineral disschistic dike injeetion
Hulin.gég/ stresses structural control as determining the assceiation
of intrusives and ore deposits. Disturbances during emplacement of an
intrusion are held to prepare the ground prior to mineralization by
weakeninz the invaded and overlying rocks and allowing relief of strain
alyeady present. Contraction due to solidifiecation and colling of the
body is supgested as the cause of breceiation in porphyry eopper deposite
and of recurrent fault movement that maintaing permeability of a district

duying mineralizations
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On the basis of the evidence that the vein pattern has been con-
trolled largely by pre-vein structure, Mulin's vproposal th;t inbrusion
emplacement weakens the invaded and overlying rocks, allowing relief of
strain alveady present, might be applicable. Such relief, elong the seb
of northwestetrending strong joint plenes and along the Tractures con=
trolled by the antieline in the Chloride district, mey have served to
bloek eut the belt that was later mineralized, However, effects due to
pogsible contraction are not so easily discovered. Only part of the
Yineral Park stock and none of the Chloride district sill was brecclated.
As pointed out by Pennehaker g&&/ and Anﬁersen.;;gf, loeal or specilal
breceiation is not compatible with general shrinkmge., PFurthermore, large
rhyelite dikes oceur within the disseminated sulfide zmone, and they are
as thoroughly shattered as the surrounding grahite porphyrys The inbtru-
gion was solidified prior Lo the intrusion of the dikes and was apparently
cooled, Breceistion later in age than the rhyolite must be attrivuted
o some ceuse other than shrinkage of the granite porphyry.

Reeurrent faulting followed the emplacement of the Ithacs Peak pore
phyry and nrecaded minerslization, and intermittent movements oceurred
during the npedkiod of mineralizations It seems likely that the earlier
faulting, esgpeecially that accompanying the injection of the lamprophyre
dikes, could have resulted from inbtrusion shirinkage effects. The intra-
mineral Aislocations of the figsure vein deposits, however, following
rhyolite dike injection and later in age than the disseminated sulfides,
seen too remote in tine to be a function of contraction of the Ithace Park
DPOTPRYTYY « '

Gonclusion ~~ The association of the ove depogits with the intrusive
stock of the Wineral Park district is too close to be fortuitous. Yot,

apparently the intrusion has provided neither the mineralizing solutions
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nor eomnlete structural control, Where cause and effect cannot be
demonstrated between two related features, the application of logic
results in the treatment of both as effects of some other causes. Theres
fore, tectonic action is ealled upon, first teo explain the loealization
of intrusion, end second to provide the locus of ore de_nosition, fThe
presence of a major guiding channel for hydrothermal solutions is Suge
zested by the spmetrical patbern of mineralization, which has & distinet
nineralosieal center of dissenminated sulfides and e gbruchtural cenbter
of brecciation. Tectonie action a?ound this center, preceding and acconw
panying mineralization, is indigputable, The postulation that such a
ehornel formed at an early stege of tectonic activity, and thereby
served to determine the general course of magmetic intrusion, is admittedly
baged on civevmstantial evidence, The only obvious factors controlling
intrusion are the folds in the invaded rockss However, external stress
was present after intrueion and may have preceded or accompanied it.
The thesis of tectonic control for both intrusion and associsted ore
deposition is strengthened by the sequence of faulting, intrusion along
#eonduit Pauldsr, continued faulting, and minernlization that has been
deseribed for other districts. Examples are Ely, Nevada ;;g/,'morenci,

rizona 114/, and Magdalens, New Mexico 115/,



DISSEITIATED SULFIDE DEPOSTT

An observer spproasching from the west carmot fail to be impressed
by the reddish colored cluster of peaks that mark the Mineral Park dige
trict« These peaks, set in a mountain range that is prevailingly gaey,
invite inspeetion, Such inspection shows that the color comes from an
iron-stained capping, which lies over a thowvoughly fractured and minerals
ized portion of Ithaca Peaa pranite porphyrys cloéer insnection reveals
that the mineralization is of the well-%.:mwr;z disgeninoted or Yporphyry
conper® types

Digtribution of ninerallzation e An avea of nore than four scuare

miles, in the northeastern porbvion of the‘ ;tgzéaca Peak porphyry inbrue-
sive stock, has been oublined {See E’ig;;uré ::’;) as containing the rocks
that ere most strongly shatbered and nineralized. Thls is an arbitrary
oubline, for the degree of minerelization varies within the borders, and
the outer limits are gradational rather than shsrp. Also, strong mineral-
ization may oceur locally outside this nain brecelated nass, An exanple
is the thick tongue of porphyry that extends through Union Basia e the
Coleonde mine. Thisg tongue is sbrongly fyactured and has & roddishe
brown cappings Though ciiefly contained within the Ithaca Pealk am‘zﬁy
the minerslization is not restricted to it, for in places the mineralle
zation pesses seross bthe irtrusive contact into the pre-Cambrian Cerbat
schigt and gneiss. In the canyon cubbing the north ceutral part of S 13,
T 83, R 184, signs of minerelization were traced outward 1 5000 feet into
granite gneiss. Iarge rhyolite dikes which traverse the Ithaca Peak
porphyry are mineralized, as are septa and pendents of pre~Cambrian schist
and gneiss.

Features of Lypogene mineralization == The primary mincrals consiséd
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of ebundant quartz and pyrite, and minor amounts of chalcopyrite and
ﬁslybﬁ&ni%e. A few specks of bornite were observed irn one specinmens

Ag is typieal in this type of deposit, these ninersls ceccur both as
Practurs Fillings and es specks and grains scattered through unfractured
vock, Sphalerite and gulena oceasionelly occur in mmall veinlets, which
seen o be younger then the other veinlebs. The sphalerite and gelens
are believed to be the same age as the large fissure~vein deposits of
lead and zine that eut acwoss the disseninsted sulfide depositss

“he sbronzly mineralized arems coineide with thoroughly shattered
rock, where hyérethermal flooding and the faﬁmation of closely spaced
veinlets has been possibles The veinlebs in many of these areéa are
separated by enly & fraction of an ineh, and individual blocks of rock
e rerely mnoye than a few inches acrosss The fracture pabtern is
an inbricate networi, which rarely shows displacements at intersecctions,
Obgervations mede at widely separated pleces within the main mineralized
gone suggest that the strongest veirlebs favor strikes west-noribwest
and eastenopthensts In detail, however, the veinlets seen to follow
every conceivable strike and dip. Typical patterns are shown in Figures
386 and 7.

The veinlebs eommonly range Crom one-guarter ineh in thickuess down
to mere geans, However, thicknesses oi an inch or more are not rare.
The iarger veinlebts typieally conbain vugs bebween erystals of quartz
and pyrites

Teinlots of svarts and pyrite that cut veinlets of quartsz, pyrite,
and molybdenite suggest thet molybdenite was introduced in an early stage.
Chalcopyrite and the few specks of bornite that were observed in polished
seebion charvachberistically oceur as blebs within pyrite and seen to be

later in age. Some of the chaleopyrite, however, occurs as individual
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Flgure 38 <= Intricate network of quartzw-sulfide
' vainlets. Exposure in canyon botton,
mwest eentral part of 3 24, T 23 N, R 18 W,

Figure a%‘{ s Bronching and crossecutting quartsw
fide veinlets. Derk stains ave limonite.
Road cut, SE cormer S 24, T 23 N, R18 W,



166,
grains in the rock and in veinlets, and this seems to be contemporancous
with quartz and pyrite.

Hydrothermal alteration -- The most obvious change caused by the

mineralizing solutions was eilieificqtion of the rocks.s The walls of
veinlets are frequently impregnated with quartz, and several large areas
were so effectively hardened by silica that they have eroded into rough,
eregey peaks. Ithaca Peak represents such an area (See Figure 12), as
do the peaks along the south side of the entrance to the Mineral Park
basin {See Figure 78).

Sericite vas formed almost as abundantly as quartz, and many rocks
seem in hand spocimen to consist entirely of quartz, sericite, and scate
tered grainsg of pyrite., NNumerous specinmens contain argillized feld-
spars, but muech of this msy be supergene in origin. Perro-magnesian
minerals have been completely removed from the strongly altered areas,
and the rocks are now white to yellowisch groy.

A gpecimen containing fresh sulfides, from the Osbrich sBaiit in
Mineral Purk, was examined in thinegection. This rock contains spproxie
nately 70 percent gramular guartz and 50 percent sericite. Winor anmounts
of clay mineral are associated with the sericite and appafamtly formed
conbemporaneously with ite. Hutile is present both as sagenite webs,
and as crystals, which are commonly in clusters,s In one place rutile
wag observed replacing sphene. Some of the quartz corvodes and is later
than pyrite, and sericite replaces much early quarts. Late pyrite partly
replaces sonme of the sericite.

Oxidation and secondary enriehmant == The highly pyritic mineralie

zatbion has assured a potent supply of strongly oxidizing solutions, As
a result the surfece capping is largely devoid of sulfide nminerale but

contains abundant residusl *linonite®. The quantity of iron sulfate
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Bl 20 Rough ovegs of silicified rock,
along south side of entrence to Mineral Park
basine.
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pr?duced throuzh oxidation of the pyrite is emphesized by the common
oceurrence of iron oxlde-cemented talus and alluviunm, Streanm terrace
deposits as much zs 20 féet thick have been bound into daric reddishe
browy breceis, ard the bottoms of stream courses are in places covered
with a cemented blanket of rubble a few inches to twe Teet thicke
Exerples of breceia are shown in FPlgures 39 and 40,

Oxide minerals of copper oceur in a few places. Imlachite is nost
gommon, staining oxide zone rocks. Smell seans of malachite and azurite
were scen in s few prospect pitse 4 specimen of breccia, collected
near the mouth of a prosgpeet tunnel in Bismark eanyon, containg a cement
of sunpite, native copper, and salachite, Arboreseent plates of native
eormer were also collected from the dump of another tumnel in the sane
canyon, Iron-copper chalecanthite was observed on the walls of this
tunnel,

A few molished sections show the development of supergene sullidese
In those sections cheleopyrite is surrounded by rims of covellite and
ehaleocite, and pyrite is replaced by chalececite and minor amounts of
corellite,

An indication of the depths of oxidetion and secondary envichuent
ig ziven by the logs of three churn drill holes that were put down in
the neak northeast of Gross ranch in 1915, The leached zone, which
carried only tracés of eopner, was rocorde& to depbthe of 170, 180, and
590 Teeb. The Tenriched" zZone reached depths respeetively, of 410, 520,
and 340 feeb.

Are and cenesig == The ghattering and mineralization tool: place

afber the injcebion of the rhyolit® dikes., Yhe mineralisation was a
[}

lste geolozie event bhot was the first phese of the general metallization

of this region, It preceded the lead-zine mineralization of the more
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are 39 «=» Dissected 30 foot terrsce on south aside of
amark Canyons Top B«6 foet cemented by iron oxides
Ithace Paak in left baskground.

e 40 »= Layer of cemented talus overlying prospect
Bottam of cenyon on sast side of Ithasa Pesak.
Baixa mineralized fractures in bedrock.
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widely distributed fissure veins, and it occupies & central position
in the vein belt, Furthermore, the occurrence of sphalerite and galena
in small veinlets infimately associated with the disseminated sulfiées,
suggests a close relationship between the twe types of mineralizmation.
Features pertaining to the origin and localization of the deposits have

been diseussed in a preceding sectlon on ore genczise
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TURJUOLSE DEPOSITS

mrquoise has been nined intemmitbently in the Minersl Park distriet
apparently since pre~Columblen tines, for stone implenents and anclent
Tndian workinge have becn found on the south side of Aztee HMountain
{Turquoise Hountain on Chloride quadrangle map). Deposite of turquolise
have been exploited on both the south and north sides of Aztec Hountain,
and on all sides, Trom top bo bottom, of Ithaea Peak, Hinor worklngs

aoour in the ridge just south of the entrance to the Minerel Park basin.

. Hlode of ocouryence «- mirguoise deposits arve restricted %o the ine

trugive stock of Ithaca Peal porphyry and oecur within the altered and
loached eappine which overlies the deposit ol disseminated sulfides. It
is perhaps signilficant that the turgquolse has formed in these portions
of the ecapving thet arc most highly silicified and sevicitized and which
heve sroded inke rough peaks apd ridgess
Turguoise is present mostly in seans and veinlets and commonly f£ills

use and cavities in earlier ¢unarts, Lenses and kidneys, with nodular
surfaces, have formed in places in wide veinlets and within masses of
sericite and cluy mineral. Deotailed descriptions of the orede and panney
of occurrenge of turquoise in the various clains have been given by
Storrett ;;g/. Apgocisnted minevals are those which would be'axpeeteﬁ
to forn {rom the lypogene alteration and disseminated sulfide mineraliw
gahion of grenite porphyry, followed by sSupsrgone lomehing. The minerals
include quariz, sericite, clay mineral, hydrous iron oxide, malachlte,
and chrvysocolla, In a tain-section of a goscimen from Ithaca Peak ture
quoise cccurs as discontinuous veinlet seguents, associated with what
geen L0 be contemporaneous seguents of goethite and Jarosites

A1l the vorikings sre surficial in nature, and much of the mining has
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been open~cut methods, HNarrow henches have been eut in many of the
steep slopes of Ithaca Pealk, and working faces as much as 50 feet high
have been ecarried progressively back into the mountain.

Origin ~- There is general agreement that turquoise ig a mineral
of secondary origin. It is variable in composition but is usually stated
as Cu0.3Alg0ss 2P;0549H,04 Ball 117/ classes it as having formed by
"descending oxidizing waters", and a convineing analysis by Paige 118/
leads to the conclusion that it is the result of supergene processes.
Such an origin is compatible with the features of the Mineral Park de=
posits, for they are anslogous to the deposites discussed by Paige. Their
restriction to the leached "porphyry copper™ cepping is suggestive of
a secondary origin, and the close association in time of turquoise,
goethite, and jarosite is strong confirmatory evidence. The source of
the necessary solutions and the probable chemical setion involved have

been discussed fully by Paige.
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The Emerald Isle copper deposit is located in the Sacranento Valley,
half a mile from the west face of the mountaing, It is approximately 3
miles south of the town of Chloride and 15 miles northwest of Kingman.
Tt geologie sebting is en alluvium covered pediment, which in this
area is cut in Ithaca Peak granite porphyrys The relief is low and
undulatory, partly from inltial irregularities in the pediment surface,
which are expressed by protruding knobs and ridges of bedrock, but mostly
from recent erosional dissection. The mine is on a northeastetrending
low ridze which has an alluvial veneer of variasble thickness., The general
setting of the deposit is shown in Figure 4l.

Hature of the devosit -« The deposit consists of a mineralized

blanket of alluvium and a fissure vein. The vein cuts not ohly the
granite porphyry bedrock but also the overlving alluviwn. Minor fissures
and veinlets oceur parallel o the mein veiln and likewise extend from
bedrock into alluviume, The prineipal copper mineral in both blanket

and veins is ehrysocolla, The resulting green color of the mineralized

ground explains the appropriate neme of the deposit.

Blanket mineralization -~ Copper hes been sdded to the blankeb by
the deposition of eopper-silicate minerals in the pore spaces of the
highly permeable alluvium, Dioptase (0u5105.ﬂéo) has besn reported as
constituting several percent of the ore 119/, but the prineipal mineral
seens to be chrysoccolla (Gus&c5.aﬁgﬂ). The copper-silicate material
rances from pale blue~green to moderate blue green in color. Associsted
with this green material is a brittle shiny black substance that yields
copper when reduced with soda and charcoal under the blow pipes It is

perhaﬁs best classed as Yeopper pitch", thoush it might be a varlety of
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79 41 =~ Hmerald Isle mine, view looking enst,

Low ridge in immediate background is bedrogk protruding
out of alluvial blanket. West fage of Cerbat Range

in distance,

Fipure 4R -+ Open pit in copperwbesring alluviel blanket
- at Pmerald Islé mine., View looking west.
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ehryscocollas 1t is possible that much chrysocolls is composed of
varigble anounts of copper oxide, silica, and water l@g/’ and differences
in color and properties are to be expected, The presence of impurities
would else affect the nature of the minerﬁla *Chrysoeolla? will bé used
here in a broad sense that will imply variations and also the presence
of dioptages

The chrysocolla fomms a cementing mabrix for the élluvial detrituse
It oceurs chiefly in the form of microscopic acleular crystals, packed
into narrvow vermiform bands, In places it forms hemispherical or spherie
ecal rodiating groups. The texture is:&elicate erustification type that
could only form by deposition of successive thin layerss A minor amount
of the chrysocolla is erypbocrystalline,; which, at least in part, re-
presents an early stage of deposition, for the acicular bands have formed
upon, around, and intruding into the eryptocrystalline materiale The
open spaces in the alluvium were not everywhere completely filled, and
the chrysccolla in some places hes a finely botryoidal surfsece,

Seales and £ilms of brown to black copper oxide are common on the
gurface of the chrysocolla., These mey be earthy or have a distinet
nmetallic luster and can be classed as either tenorite or melaconite,

The limits of minerelization in the alluvial veneer have not been
determined, but an area in which the blanket contains an averege of 1
to £ percent copper has been blocked out by drilling. This has a roughly
oval shepe that trends about N 75 degrees L, dg more than 1300 feet long,
and 400 %o 500 feet Qﬁde.. “he ore body in most plages iz 25 to 30 feet
thick. Ore oecurs et the surface in gome places but for the most parb
is covered by an overburden of umnireralized or only slightly nineralized
alluvium, The overburden is from a few feet to more than 90 feet thick

but averages oniy sbout 15 feet. In some places ore extends to hedrock,
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in others it ig underlain by less strongly mineralized alluvium. All
the dimensions are assay limits and do not define the complete extent
of mineralization,

Txposures in the open pit at the mine contain an assemblage of sand,
gravel, cobbles, end bouldere, which are poorly sorted but coarsely
beddeds The strike of the bedding is approximately east and the dip 4
degrees southe The open pit exposire of bLe blanket is shown in Figure
484

Vein mingrelization -~ The principal vein sbrikes W 50 degrees I,

cutting through the minerslized blankeb. In its uppermost portions the
vein is vertical or dips steeply north, but dips of 45 degrees K have
heen reported in some of the lower workings. The veln varies from % Yo
12 fest in width, A% and near the surface, alluvium occupies both wells.
At depths as little as 25 feot, however, bedrock occurs in the feotwall,
adjacent to alluvium in the hanging walls The amount of displacement
wag not determined.

Terly developnent work at the mine was confined largely te the vein,
Twe short shafts were sunk and laterel underground workings are reported
to totel 1600 feet, chiefly at the 100 foot level 131/. An average copper
eontent of 3% pepcent is reported for all %heze workings and an average
of 6% percent for the main dvrift, which mpperently was driven within the
velna

The mineralogy of the vein is identical with that of the blanket,
and in 5 winme 40 feet below the 100 level the ore values were apparently
gtill furﬁ&ahaﬁ by chrysocolla. In the upper portions of the vein the
Pilling between the walls consists of cemented alluvium that is analagous
to the sdjacent blanket, except for a higher copper contents The walls

are distineh, roughly relling, show effects of shear, and in places are
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lined with small amounts of gouges Seams of delicately'bandea chryso=
colla characteristicelly line both walls, end other strong seams occur
in the interior of the vein. An exposure of the vein, where 1t was en~
conmntered in open pit execavation, ls shown in Figure 43.

ihere bedrock was observed in the footwaell the vein £illing still
consisted of cemented alluviel detritus., The nature of the vein where
bedroel oceurs in hoth walls is not known, Specimens of granite porphyry
from the foot well are leached and thoroughly altered, and tiny irvegular
voinlets of ehrysocolla occur in the rocks In thin-section the princie
pal minerals are seen to be abundant elay minerel, sericite,; and brown
chlorite,

Minor fractures - In the south face of the open pit, as it existed

in Jupe, 1948, e zono of nineralized irregular fractures was exposeds
This extended easbtward from the main vein for 100 feet, at whieh poind
the nit walls were ceved. These seams and velnlets wore spaced fron
1 to 10 feet apart, were all essentislly vertical and had striles roughly
parallel to the main vein. Thirty-five feet east of the mein vein a
knob of bedrock was exposed at the bobtom of the face, and the chryso=
colla=Pilled fractures were observed to pass into the bedrock, Some
of the veinlets showed slisht displacements, but mest geemed Yo be
dilation fractures, Some ertended to the surface, others died out
upward.

Age and genesls ~- The minerallzation, neceurring as it does in
a blanket of alluvium and in e fissure vein that passes from a roek
pediment into alluvium, 1s dated as Cuaternary, There has been some
recent dissection of the pediment ares, but terrace levels in the
mountains indicate that 50 feet would be a meximum for any former CovVels

If the devosit had formed prior to Quateraary tine e thicker cover
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Figure 43 -~ Exposure of Hmersld Isle vein in the
west end of the open pit, Sumer, 1947. TView
looking south,
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would be expected, and the mountain Iront should have migrated farther
back from bthe mineralized portion of the pediment.

It has been suggosted that the mineralization wes by solutions
derived from the weathering of the "porphyry eopper" deposits of the
Mineral Park distriet. This would involve gravibtabive transfer of the
golutions, and localized deposition around and within a strong fissure
vein and asgoclated fractures, Such solutions ecould exlst, but the
concentration of copper in them would be neglipible, and there are no
plausible reasons to explain the concentration and depoeition of the
copper at this particular location and within a velds

On the other hand, solutions ascending slong figsures and spreading
out into the alluvium provide & simple and iogieal gource for the copurer.
Assuming this to heve happened, the guestion arises as to the nature of
the chaysocolla. This mineral is usuelly supergenc and is a secondary
produet of various primary copper-bearing ninerslss In the Enerald Isle
deposit, nowever, the following points suggest that the chrysocolla is
primary:

1) There are no reliet graing of sullides, or any minerals, which
might have served as a primary source of the coppers It mizght be age
sumed thet replacement or solution of such primary minerals was couplete,
but at least a few specks should have been preserved hers and theres

2) The texture of the ehrysocolla, both in vein and blanket, is
delicabely banded and crustified. Formetion was invariably by deposition
and not replacement, 7This suggests that the source of coprer was eloe-
where, and if the chrysocolla is supergene the logleal source would be
al some higher levels I there were primary minevalization above, howevers

furnishing the source of copper golublons, thexe should have been prinery
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min eral*zatiau at the present levels, at lcast in the vein. This would
have to be leached completely away, before the soluticn of overlying
material, in order to explain the lack of relict primary niperals and
replacement textures. OSuch a sequence does not seem Loasibles

%) oome of the veinlets pinch out upward. The chrysocolls filling
apparently was deposited by ascending solubtlonss, Perhaps the velnlets
could be explaibed by lateral secrebion, but the primary source material
would still be nissinge

From the above eonsiderations it is concluded bhat the minerslization
has vesulbed from depusition of chrysoeolle by ascending hypogene golue
tions, which rose along one large and many small fissures and spread
out into the sdjscent elluvium, The conclusion is supported by the fact
that the deposit was formed under essentially surface donditions. The
main Pigsure and some of the associated minor fractures undoubtedly
reached the original surface, In such an environment asecending hypogens
solutions would be unfer the same presgurec and could very easily have
the game bempersturcd as the supergene solutions that deposit chryso-
eolla. And there is no reason why copper and silica could not be present

in the preoper amounts to fomm chrysocolla from such hypogene solutiongs
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