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Geology of the Northern Part of the Osgood Hountains,

-

Fumboldt County, Nevada.
By Saruel Warren Hobbs

ABSTRACT

The Osgood Hountainsg, located in north central Nevada near ths
gsastern edge of Humbeldt Ccun*y, typical of the numerous fault-block
mountains of the Basin and Ranga province of tha western United States,
Athough smaller than most, the mountains are rugged and stand at alti-
tudss of betwssn 3,000 and h,ooo feat above thsz bread vallsy flats on

each side,

The range is dissacted by stesp-sided, V-shaped canyons and has
reached & stage of full maturity in its physiograrhic development. The
presence of headwater basins containing alluvium, and of topographic
" unconformities on the intarstream ridges sugrests at least two stages
-in thae erosicnal history of the muntains separated by renewed u;ﬂ.ii‘t
of the mountain block.

- The sedimentary rocks of the Gsrood Hount‘ins ars sepa.rated into
six groups, each of which contains ons or mare lithologic types and is
found in a block which is separated from the other blocks by faults,
Consequantly, the rolative age relationships are not known, bui it is
belisved that the oldsr rocks cccur at the south end and ths younger ones
toward the north. The oldest rocks, designated as Rock groups A and B
and tentatively called Cambrian, cmprise shala, limestons, and quartzite.
Rock group C is ccmposed of sandstons, chert,- and metavolcanic rock, and
intsrbedded hornfels and chert, Rock group D forms the core of tha range
and comprises argillacsous hornfels and marble, A coarss fanglomerate of
very distinctive characteristics is found in two localitiss and is be-
lieved to be equivalent to the fanglomarate in the Battle Mountain dis-
trict to the south, Rock group E, ths youngest sedimsntary group in the

overliocs the fanglomerate and comprises limestona, metavol-
canic rocis quartzite, and some intarbedded hornfels and chert Rock
groups C to s and the fanglomrate are congsidered, on meager fossil
svidence, to be upper Palecozoic,

Igmous rocks, aside from the mstavolcanic material described above
with the aedd.manta are of gseven types, The principal intrusive rock
is granodiorite which forms a double stock in the shaps of a crude
dumbbell., Associated with the grancdiorits are numerous dikes of dacits
porphyry, a few dikss of aplite, and a small amount of pegmatite.
Andesite dikes cut the sedimentary rocks and the granodiorits and are
conaidared to be somewhat younger than the dacite, aplite, and pegmatite,
as dikes and flows, is much younger and caps pordonsoftha
ta;l'.n rangs on the west side, Ons ‘small area of rhyolite tuff, the
" most recent ignacus rock, occurs at the sast foot of the rangs,



The structure of tho Osgood Yountains is deminated by the occurrencs
of structural blocks that are bounded by faults, The rocks within each
block are essentially monoclinal, and no major fold axes wers found,

An angular unconformity occurs a.t tha base of tha fanglomerate which is
also tiltad, thus indicating at leagt two periodas of major deformation,
The nunsrous faults in the area are divided into two groups: thoss formed
befors the inirusion of the granodiorits and those formed subsequent to
its intrusion., Pro-intrusive faults include beth steeply dipping faults
and thrust faults., Post-intrusivs faults ars mainly steeply dipping. The
principal ons follows the east foot of the rangs and is well exposed in
numarous mine workings.

Iguozas metamorphism, induced by the grancdiorite stock, has affecled
naarly all the rocks in the northern part of the ranga. It is described
under two main headings: thermal metamorphism end additive motamorchism,
Thermal metamorthism has changed the mudstone and shals into homfels
ths sandstone into quartzite, ths limestens into marble. Som2 mpure
lirestons hag bssn changad to tramolite rock or diopside hornfels, Addi-
tive metamorphisam is slizht in the argillacecus or quartzitic recks. In
tho limestones, however, it has had profound offects wheraver such rock
is in contact with the stock, Two sones of additive metamorphic rocks
are observad at limestone contacts: the light-silicats zone composed of
wollastcnite, diopside, and minor amounts of other silicatesy and tactite
or dark-s$licat: zone which is composed of garnet, amphibols, some sul-
fides, schealite, and mincr amounts of other minerals, The light-silicate
gona appears to fom early and for a groater distance out from the contact
than ths tactliis, It i1s rsplaced 4in part by the tactits which is formad
alightly later and is localized betwecn the lisht-silicete zone and the
igneons rock, Thz lates! effact of the additive metamorphism is the
introduction of silica along the contact botwean the tactite and the
granodiorite, locally the ignaocus rock 1s completely replaced by silica,

The restriction of most of tho additiva processes to contacts of
granodiorite and limestone 1s interpreted to result from a channsling
of solutions gilven off by the magma in its lats atagas of consolidation
through the zones now occuplad by tactits and light-colored silicates,
It appears that the first effects of ignsocus metamorphism on limestones
is to produce & pensral porosity in these rocks by means of ths develop-
mant of densas minerals, Such porosity affords a means of access for
csolutlons carrying ths material that was addsd to form the main volums
of tactiba. These sama solutions brought in achealite and, at a somewhat
later staga, introduced sulfidss into the contact zona,
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Locatlion and accasaibﬂity

Tha Osgood Hountains are located in north centrzl Nevada nsar the
eastern edze of Humboldt County. (See fig. 1.) The mountains extend -
northoast for a disbtance of about 25 miles from Colconda, the naarfest'.
settle@t; %innerucca, the nearest trading center and County Seat, is
but 18 miles west of Golconda.

The most dirsct access to the Osgood Mountains area is by way of
graveled roads which branch off from U. S, Highway Fo. LO near Colcorda
ard extend northward up the broad valleys which flank the range. One
road starts frcm U. 8. 40 about a mile east of Golconda and passes _
through the Numboldt River Canyon and thence northeast along t.he ea;t |
fool of the range past ths Junciion of the roads to Red House and
Kelley Crzok and teminatss at the Cetchell mine within 3 miles Nof the
nbﬁp end of the ranga. Accoss to the wost side is by dirt roads‘ north
from Golconda which lead into Edan Valley and connact, beyond the north
end of the rangs with roads fo];lmring the course of the Littls Humbaldt
River. A private road oﬁr the rangse, locally called the Bu_nrxg fi‘oad,
connects the Get«ghéll mina ﬁm Anderson Canyon and Eden Vallsy.
Kumerous side roads extend for short distances up many 01’ the créeks
and to mines and prospects,

The Western Pacific and Union Pacific railroads follow the valley
of the Hunboldt River across the south end of the Osgood Mountains area
and afford railhoads for the immediats region at Golconda and Red Houss,
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Caography
In many raapacts the Osgood Hountains are typical of the numarous
- mountain groups of the Basin and Rangs province of the central part of
the westsrn United States. Snallar than most, it nevertheless has
rugped relief and stands as an imposing range of mountains above the
flat reaches of the surrounding basin arcas, (Sos pls. 1 and 10, A.)
From its south end at the valloy of ths Humboldt River, the rangs
oxtends northsasterly for about 2l milss to its northern tormination,
whare it narrows and gradually plunges bensath ths broad alluvial flats
which bordor the Littls Bumboldt River. The width of thas s'r:mntain group
rangzs from lass thaﬁ a mils at its ends to a maximm of 7 miles about
two thirds of ths way north along its length, A group of semi~detached
hills, the Dry Hills, lying to the west of the main backbona of ths
mountains, ars included in the width of the mounteins at this point,
Tho highest point in the mountains, Adaz Peak, with an altituds of
8,678 fast, is located slightly sast of centor in this area of greatast
width and stands approximately 3,700 feet above the floors of tha basing
on sach side, Froa Adam Peak the rangs crest daclinés gradually to tha
north end. The south half of ths mcuntains has a gensral altituds of
about 6,000 fest, and the floor of the Humboldt River Vallaey approximataly
i,l00 feet, tharsby glving a gonsral relief of soxa 1,600 feot.

On the sast, the Osgood Nountains are bordered for most of thair
langth by the broad oxpanss of ths basin-lika valley of Fellay C:-eek.~
Tozard tha scuth the Kellay Creek Basin merges with tha broad easte
west valley of ths Humboldt River, At the south end of thae Osgood Moun—
tains, the Huzmboldt River is .constricted in a narrow canyon which
separates tha Csgood Mountains from ths EZdna Mountaing to ths southe

sast, At ths north end a serias of low hills axtand sastward from
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the Csgood Mountains into the basin and form a divide batween the drainage
which joins Kelley Cresk and flows .south parallel to tha ezst gids of the
mountains and the drainags into the Littls Humboldd to the north, On the
southwast, the Osgood Mountains ars bordered by the broad expanse of the
Fumboldt Vallay and its Junction with the lowar end of tha Paradiss
¥2lley. A narrox réentrant from this broad basin extends northeastward
up the lowsr reaches of Goughs Canyon and connccis over a low divide with
Eden Valley, which borders ihe west sids of the rangs toward the north,
Lower Coughs Canyon and Eden Valley scparate tha Osgood Ecuntains frea
ths sz211 Hot Springs Range, west of which is thae broad expanss of the
main Paradise Valley. The drainage from the wast slope of the Osgood Moun—
tains is split at about the latituds of Adam Poak butmoen that which
floed south down Gouchs Canyon and directly to the Humboldt River ,and
that whichk flows north through Eden Valley into the Littls Humboldt
River,

The climats of this part of Nevada 13 semiarid with 3 rainfall
of betwsen 10 and 15 inchas., The suzmsr months, fram June to Octoder,
ar: dry and hot with temparatum.sz fregquently balweon 90 and 100, but
the evenings and nights are cool and comfortable., Occasional surmer
ﬂximder stofm, scno of near-cloudburst proportlons, eross the range
along narrow courses. The winter months are cold with considarablas
snow in the higher parts and temperaturss which rangs down to sero and
balow, is a consequence of the gensrally low precipitation, ths vege-
tation is of the semiarid type, consisting largely of sags brush, rangs
grass, and other small dry-land plants., In the spring abundant wild
flowsrs cover the hilla, lLupin, arrow leaf, and indisn paintbrush are
espicially abundant, Trees ars restricted to a fow deciduous types,



principally alder, willow, coticnwc’d, and quaking aspen, all of which
grow only in the stream vallsys and in thas small basin~liks dopressiens
at the valley heads,

In spits of ths relatively low procipitation, many sz211 stroans
hava a year-round flow in the canyons, but all of this normal flow sinks

Lo the gravsl slope a short distance ocut from the meuntain front. At
timas of heavy rain or cloudbursi, waler runs in sheetiflocd across the
fan slopos and dewn tho lower courses of the streams, which lead out
across ths basin floors where thsy emply into the main drainage of Kellay
Creck, Eden Cresk, or CGoughs Canyon. A mﬁzbar of flowing springs cccur
throughout the range,

. The main industriss of the area center around mining and livestock,
The Cetchell mina, discoversd in 1934 and placed in production in 1938;
‘is the largest mining operaticn in the arca, (See pl. 10, B.) %hen in
full operation, it employs several ®undrsd men and mines and mills from
800-1,000 tons of low-grads gold ore per day. Other mining centers around
the contact-mztamorpnic tungsten daposits, Several of these are ownad and
were oparated during the war by thae Catcholl Yina Company, Only the Riley
tungsten mins, of the U. S, Vanadium Corporation, has operated since the
‘end of the war. Several smaller minos and prospects have been openad by
loczal peopls, but all these were dorzant in 1947.

Stock raising, both cattle and sheep, 1s a big industry, and much of -
the mountain and surrounding plains area affords grazing land for the
largo stock companics who control grazing rights aver much of tha area,
~ Small ranches n.ank the ranges near tho mouthsof the larger canyons whars
watsr for irrigaﬁon and domestic use is ;vailabla; Several of thess aro
sti11 controlled and occupied by homssteaders, but many now serve as stake

canps or summer camps for cattls companies,
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Previous work

The nucher of published reporis that deal with the geology of any
part of the Osgood Yountains 4s very few. Hess and Larsen (Z‘z.)a very
briefly studied the Osgood Eounta.ins' tungstaen deposits in the course
of their country—ride coverace of contact—mstamorphic tungsten daposits
in 1317-18, and in their conclusions state, "Careful, systematic sampling
and surfaca prospecting may disclose one or mors large bodics of low=
gradae scheelite ore in thae district®, i’c is interesting to nots that
neerly 30 years latar this prodiction came trus, when approximately
250,000 tons of ore containing an average of 0.53 percent of ¥0; was
mined from thess deposits during the war years of 1942 to 19L5. A
briaf description of the Cetcholl mine and its vicinity was published
by Hardy (2) in 1940, and in 1946 S. B, Clabaugh and the writer (3)
published a short bulletin on the tungsten occurrences of the Osgood
Ranga., The Battle lountain, Colconda, and Sonoma Range areas, south
of the Humboldt River, ara thoss closest to the Osgood Kountains 4n
whiich extensive gaologic mapping has been dene, but nons of this work
has yet been publishcd:

Kunbers in parenthases refer to the bibliography at the end
of this report,



PHYSIOCRARIY

to datailed study of the physiographic desvelopment of the Osgead
lountains was attenpled in connection with this study, bul a few cbserva-—
tions were madse, and the problems which they presant will be cullinad,

The northern end of the range hes reached a atege of full maturily
in its physiographic development. (See pl. 11, A.) It is thoroughly
dissected and only a few remnants of its orizinal surface razain, The
'valleys ars all youthful with Veshapsd cross sectlons et the mouniain
frent, (See'pl. 11, B.) The ridges have serrate crests with steep slopes
from ridgs crost to valley bottom. The east mountain front at the north
end is fairly straight, and sub-triangular facets mark ths truncated ends
of ridges alired on the courss of a prominent fault; _

That the Osgood Mountains are a fault-block rangs is apparent frea .
-tha geologic mlations;‘xips, and their physiegraphic development dates fram
the inception of this faulting, The history of their development as a
dissactad fault~block rangs, however, is complicated by featurss that are
anc.ﬁlous to an orderly erosional history. The headwatsrs of many of the
crecks which drain the eaﬁt gids of the range, especially north of Granite
Creck, have open amphitheatre-like basins at altitudas of about 6,200 feet,
sona of which contain aggradational material. The interstrsam ridge crests

show a marked flatteaing in longitudinal profile at about the sams general

slevation as the basins. At the mountain front, howsver, the interstroam
ridges slope sharply down to the upper ends of the pediment. The streams
below thase headwatar basins are sharply incised and emarge from the
mountain front in narrow V-shaped valloys only slightly incised below the
presant lsvel of the pediments which skirt the mountains., Profiles of
the streams leading from thess headwater basins to the pedimants show no

marked break to correspond to the unconformity still evident on the inter—

stroan ridges,
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The headwater basins togethar with the flaiter reachss of the intoer-
stream divides suprost a still-stond in the ervsionzal history of the moun-
tain block at this elavabticn with the atiendant cutiing back of the moun—
tain from its initisl positlexn along tha line of range-front faults, Re-
newad uplift is fn part responsible for a rejuvenction of ercsicn, Evi-
dence of recent uplift is found in the form of a smell scarp in alluviel
paterial. Howevar, it is pessible that scne of the mojfuvenation of moun—
tain ercsion is related to the dissection of the pedimont surfaces wiilch
flank the northeast slopes of the Osgood Mountains and extend out into the
low hills vhich project far esstward from the Osgood Fountaing, Tha com=
plicatsd disssciion of these pedimant surfaces may be related to a mass
excavation of matarial frem the main Kelley Creek basin to tha southeast,
or to other rezicnal factors not directly related to the Csgood lountains
block as such,

The relativaly recent fault which offscts the alluvium extonds from
the very southeast corner of ths mapped area southward for a distance
of covar three miles., The maximum vertical displacemant on the fault
occurs at about tho latituds of the south edge of plate 2 and amounts to
appraximately 20 feet. 7The scarp has besn roundad off, and saveral of the
snmall strea‘z:xs which crossed ths fault line and which wore thrown out of
adjustoent by the displacement have bullt alluvial fans to tha top of ths
raised block., This fault, located over one-half mile from the foot of
the rangs, may glve soms indication of the distance the mountain front
has rotreated, although the possibility remains that it is meraly one
of many subsidiary faults which split from a zone of fracturs cloger
to the main range;



GZOLOCIC FCLIATICNS
Introduction

The followin: descriptions of litholozizs in the Osgoed Mountzins is
not mzant to follow siricily the usual sequonce from oldest to youngest
foraaticns, The rcason for this is twofold: the nearly complaie lachk of
fossil and other evidence for age deiorminations, and tha fact that most
of tha various distinctive rock groups cccur as blecks beurnded by faulis,
and as a conssquencs ths pre-favlting rolationsihips belwsen then are unkneim,
A1 gvailabls evidonce sugresie thadi the oldost scdimantary rock occurs
tovard tha south end of the range an? the youngest at the north, In so far
as this is true, the seq;:chcc of dsscripiicns, which is frozm south to north,
is in the usuzl ordor from oldest to youngest, The evidence bearing en the
gpe of cach group will be discussed in thae desceription, and a sumary of
possible aze rolations and corrolations will be given at the end of ths
deseription, To avoid conf;ﬁion in goographical leocations and facilitate
referencea to ths various rock groups, each group is given a lettor desig-
nation which is shown o1 7late 2. Cne very distinctive formation, a fan—
glomerate, is mapped separately as such and is not included in any group. .
Flate 2 is eassentially a lithologic map which atltempis to show each grouy
and the lithology within it, rather than age of reccks, Plats 9 shows a
serles of astratigraphic colurms of the rock groups in the northern Cogood
Yountainz, Formatlon names have been avoided, panding eventual complation
of the mapping of the quadrangle and possibls corrolation of t.he rocks
with knowmn formations to ths south,

In the descriptions that follow, intercallated velcanic rocks are
deacribed with the sedimentary rock group in which they ccour, All intrusive
rocks, the basalt flows and the pyroclastic rocks at the Getchell ming, ars
described in the section on ignecus rocka:
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Description of sedimentary rock groups

Rock group A

At the scutheast corner of tho map aroz is a sariocs of sedizmentary
rocks which aro separated by faults from those of the rest of ths rarge.
Thay are bounded on tho nerth, east, and south by the covered pedizment
slopzs waich sprezd oubt into the basin and on the wast by a fault of
unlmewn displacensnt. The sedimentary rocks in this dleck ary so badly
faulted, folded, and ccnlortod thal an accurate measure of thicknucses Is
impossidle, but at least 1,200 feet of beds ars expesad. In general, those
beds gtrike northeast essentially parallel to the froat of the range and
dip stecply scutheast toward the basin: N

The lowest member is composed prodordnantly of shals that has an ex-
posad thickness of about 1,250 fest, Fhora it is least metamorphosed the
rock is greenish gray, fissile, and locally has a woll—developad fracturing
which produces small pencil-like fragmsnts. Toward ths top, the ghale in-
cludes interbedded thin, dark, blue-gray limestons, limy shale, and a haxd,
purplish, sandy shales, To iha northzast, wherc the sequsnce approaches the
granxiiorite stock, the shalzs is slighily matamorphoszsd into a gray-bleck
argillita, containing vaguzly de.é'ined ovoid structurss, whichk reach meximm
dimensions of 4 by 7 millimsters. On exposed surfaces, these structurcs
weathor to a Mght~brown ar buff color and give the rock a spotted appear-
ancs, The contact metamorphism also affects the interbsdded mudsions and
limegtons of the upper part of the section by changing the mudstons and
limy mudstono to low-grade hornfels and argillite and slightly recrystalliz-
ing tha limestone layors. Scus of the shale lsyors are transformod into ’

low-grads phynitea:
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A limestons mombar which averagss 500 fest thick overlies tho shala,
It is cmﬁged of thin-bedded to plaly blus-gray limestonz, sams of which
is finaly lainated, as2 bads range in thickn=ss from 1 inch‘ to 3 inchesz,
and many are separated by one to ten inches of wery thin,platy and britils
laninas of an impure light-buff limestons which splits along the bodding
planes into paper-thin shects, Many of tho laninas in the purer blue-gray
limsstone beds waather out as slirhtly rai.;sed ribs with a buff caler similar
to the inter-limestons layers, Within this limestonse mexbar naar the
south end of its expesure 1s g narrow herizon of intraformatlionnl cone ‘
glmratc; The basal cc‘mtact of ths limestons with the ghale is grad;'ztional
throush about 100 fest of transiticn beds, 8imilarly, the upper 50-100
feet of the limestone contains some interbedded layers of dark impure lime-
stone, argillite, shals, and thin local beds of chart, all of which rapre-
sent a trassition toward the overlying shals, '

The shals above the limestene forms a relatively soft incompetent
layor that ranges in apparcent thickness betwsen wide limits, wery likely
as the result of deformation. Because of tha deformation that has affected
the shale an accurata‘measure of its true thickness is impossible, bul an
estimate of botween 800 and 1,0.1’}0 feet is not unreasonable, Most of the
rock in this sono 1s a light-gray to gray-brom fissils shale, in part
myliitic, and in many placaes having a well-developed fracturing so
arranged as to produce nesedle- or pencil-shaped fragments in great abune
dance, Locally the shale is iron stained, and one zana, wiich is a
hundred feet or more thick, is a purplish-black, fisaile, sandy shale
with an imperfoectly daveloped sl..at.y cleavage, i few mones of limy shale
are interspersed in the section,



The uppermost-exposad mezdber of this section is essontiall& a
limastons bﬁt ona co.':*.;éoscd of somsvhal diverse bads, The principal rock
type 13.3 bluc—gray mediun- to thin-bedded limestono contain:Lng sC13
thin chert layers and lensas, Near the bass arc a few horizons of silty
limaston: and czlearaocus silt, At several horizons, the upper limestons
is charzctarizad b}' layers and lensas of a w2ll-develeped intréfo::mﬁioml
corglezarate from ona to over 10 foet thick, The ccnglc:n:ra;*va is composed
of flat, anpular to sub-rounded limsstonz fregmonts in an Impurc calcarcous
matrix and orisented semiparallsl to tha bedding., Tha cccurrence of such
a distinctive layer in different positions within the various fault blocks
wzs at first interpretad as a rosult of the faulting of a single hdri.zoh;
However, irreconcilable variations in the stratigraphy above and below the
intralormational conglomarate layers in adjscant blocks, force the con-
clusion that there are several horizons of the conglomerate and that any

ons layer is continuous only for short distances.

‘Rock group B

The northerr tip of an'e;\tansiva arca of quartzite is expesed at the
gouthwest corner of the map arca., This quartzits is exceptionally u‘ell
displayed in the upper reaches of Hogshsad Canyon, espacially on the steep
southorn face of what is locally known as the Hogshead, a prominent prowe
shaped psak about 1 1/2 miles due south of Adam Poak, It extends for a
distance of at lsast several xmiles south of the area mapped,

Ro attempl was mads to measure a gection of the quartszite, Keither
the base nor the top is exposed, and the series is folded, contorted, and
faultad in such a fashion that any attempt to reconstruct the section would
be futile, The quartaits is bounded on the east by a major, steeply dipping
ta}tlt, and is overlain unconformably on the north and wast by younger formations.



15
The quartaite 4s a medium= to thick-bedded, fine-grained, quits pure,

light—bui‘r to nearly whits rock., For the most part 1t is uniform in gonaral
conposition, althau@a localized variatima in color, grain size ) and amount
of m;mrities‘ ars evident. The rock is coaoposed ct quart grains vhich
wars originally subroundad, but most of which have baan rccryatalli..ed,

at lsast along ths bordera, to irregular, mors angular shapes, In mary
places tﬁe grains form a perfact mosaic texturs, lowever, scattarsd
groins of zircon, pyraxena, and apatits ratain thelr roundad forns, Tha
grain diamoters raroly excced 1 millimator and, for tho nost part, are

loss than 0,5 millinatar. In ths lesg-pure quartaite, ths impurities

hava beon reconstitutad to form interstitial sericits, granules of iron
oxids, and other minerals not definitely idsntifiable, Saveral zoacs of
shaly quartzitas and one of a dark—gray quartzite intarbeddod with shala

ara present in the séction, but thair‘stratigraphic relations ara obscure,
| Tha age of the quartzits has not been detorminad, Three prominent
quartzits horizons are known to ocour in the Paloozoic scetion in arcas

far to ths cast and south of the Osgood Yountains, Thess are the Pr;:spect
Yountain quartzits of Lower Carmbrian ags, the Eun,lfa quartzitz of liddls
Crdovician, and tho Diamond Feck quartxit;: of Pannsylvanian agz, Nons of
thzss horizong has been racornized in arcas adlzcent to tha Osgood &fmmtains;
Srtensiva work by H, G, Forguson and R. J. Goberts in the Scncza and Antler
Pegk quadrangles, scuth and southeast of tha Osgood Mountains guadrancla,
hag disclosed no quartzits lithologics that can be deofinitely correlataed
with any of tha abovc-zantioned zones, Howover, Forguson (L) has tentze
tively assignad a Cambrian aga to tha rocks which compriss the southern

end of the Osgood Mountains vhers thuy pfojact into tha Soncza quadrangle;
The dating is based, in part, on general lithology but mostly on tha diz=

covary of sevarzl spocimsns of tha genus Lingula, The rocks tontatively
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called Casbrian by Fergusen comprise a sequence of phyllites and phyllitdce
shale, in part limy or sandy, and containing soms quartzite, Ths quartzite
occurs as large pods, lenses, and discontinucus beds which may locally
attain a thickness of several hundred feet, The quartziie is relatively
pure, light gray or brown in color and for the most part it cootains small
flakes of wmuscoviie,

Tha quartzils of tho ceniral ngocs ¥ountains may ropresent an expzan-
gion of cn2 or moz:e of tha Cezmbrian quartzite horizons, and, in the light
of present knowledge, this is considered to be tho mest logical corralaticn,
In view of the complox folding and faulting of those quarizites, the ssom-
- Ingly thick saquence of them may bs more apparant than real, and ths true
thickness may be quite commensurate with the Cambrian quarizita lenses to
the gouth,

Rock group €

The group of formations lying on the west side of the mountains and
saparated from the rocks to the east by a faull, bear many ressmblances
to the rocks of tha central part of the mountains, but bscausa of certain
nolable variatlions in their composition and the fact that thoir relation
to the other rock groups is unknown, they arc treated as a scparate unit,
This group has been mapped for a distancs of over 4 milss along the
wostern flank of ths range in the north half of the map area. It is
bounded on the east by a fault of unknowm displacemsnt, and on the west
by the overlapping alluvium of Eden Vallay and the basalt flows of Soldisr
Cap, At the north, a seriss of branching faults terminate it against
younger limestones. Thess rocks are known o axtend at least 2 ﬁilea
beyond the point shown on the map (pl. 2), Rocks of similar lithology
erop out east of the Gatchell mins whors they are unconformably overlain
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by the limastonss of rock group E. It is probable that thass similar
rock groups ara.equivalent, but tha structural pattern that axplains their
position is not undamtocd.;

Ths rocks which compriss group € includa grits, argillits, scos
quartsite, motavolcanic flows, chart, and limestons, Tha occurrsnce of
the grit, motavolcardc flows, and chert necessitatas a separate category
for this soquence, aven though tho romaining rock typos are, in most wzys,
idontical with othorg in rock group D; Thess rocl.a ara ;:"'-dcm..nantly
vortical. 3Svidenca baaring on tha top and bolloz of tho sories is net
conclusivo, but it i3 assumed that the bass Iz to tho wost, and the series
will b2 described froa west to esst in ascending oxdor.

The lovest exposed membor 43 a ciark—brown, nadium-grained gxid comoe
posad of .80 percent of rounded quarts grains, which avarags 0.5 millimotar
in diamoter, Occasional grains of smolg-blua quartz, as much as 2 milli-
mators in dicnmster, ara scatlersd through tha rock, Tha remaining 20
percent of tho rock is malrix and cswtent composed esscntially of soricitas,
iren o«ch.s, and 8 1ittls carbonsla. Tha grit 1s pediwm Yo thick baddedp
tha beda “am‘a in siza from 2 inches to goveral fect;y and tho serics hag
an cver-all :nixmm axposad thiclmess of about 2,500 feote Harrow layors
of Micht-rray chials ccour horo and thoers betwcon tha grit layers, and ona
bod 2 foot thick was obzerved in Andorson Camyon, Toward the top of ths
soctiom tho grit includes leonsas and sormsvhat édiscontimous lagers of
chert which repzosent a transition into tha rredominantly chort and
sgwoeanstons nusbors abovee Tha contact with tha overlying rocks is
essentlally gradational bubt has been placsd at the top of tha grit, even
though larga lenges of chord cccur within the zridt as much as 500 fead from

t.hé contacth,



18

Abave the grit is a soquence of layers which aggragates approximately
1,500 foet and is composed of highly altored volcanic flows, thick layers
and lenses of chert, minor amounts of blus crystallins limastone, and
soca impure argillite., This horizon is predominantly characterigzed by
the chert and mstavoleanic rocks, The chart, sams of which was noted
abova as occurring in ths grit series, 1a dark gray and flinty appoaring
on the frosh surface but attains a smooth deep-buff colored wea’c&:er;d
curfaca, DPaczuse of its toughness, the chert projzets usually as bold
cuteropss The bedding of the chert is typically irrsgular; the individual
layers, which are from 2 to k inches thick, display a marked pinching and
swolling, Thin shaly interlayers woather mora quickly, leaving the chert
lzyers stand;tng out in relief, and the larger outcrops thoreby assume a
ropy or simious complaxion, Thin sections show the chert to bs compesed
2ssentially of cryplocrystalline silica with irrcpular clustasrs and
siringars of rucrystallized quartz which occurs as small grains no wors
than .0l millimgter in dlametar. Tha chert sonss rangs in thickness from.
a fow fzot Lo more than 1,000 feot whors measursd in Andorson Cenyon.
There is, however, considarabls varliation in ths thicimess of any ona
zone, and some layors evldonily pinch out completely 2long the siriks,

Assoclated with the cherd are rocks a‘hich'ara classed under the
gencral fi21d term of nmatavoleanic flews., Thage are dark, greenish~gmy;
gonarally nondascripd rocks with a iﬁint Irrogdar :::oitling and dull cast
cn tha frash surfaca, Only in large expewss 1s a layorad structurs appare
ent, Nany spacizens ﬁaat‘xer to' a rough, irrsgular, and frequently pitted
surfacz, formed by the weathering of material from cavitiss which warg
v.m:’;cubtedly vesicles, Under tha microscops, thess rocks ars s2eon to ba

fing-gralned volcanic rocks, extremely altered, which, in scrma casz8,
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havo been subjacted to contact metamorphim, ALL of them are coposéd pro-
dominantly of plagioclase laths in a gemi-trachytic arrangemnt, anzociat.ed
with a variety of altaration ainsrals derived, for the most. part, from the
brsak down of tha oﬁginal mafic cénstituents. In a ousbar of the spaci-
nans the plagloclase ‘;f‘aﬂ sufficiently fresh to ratain albif.a twinning,
and detersinations on 5 upecirén.;z scattored over the area, gave & coapo=
sition botwson An 45 and An 35 . From this it is concluded that the
'or;gina.l flowa wors basic andesita or basalt near andesiis in composilion,
The plagloclase is flacked through with small sheafs of clinozoisite, a
littlas séricita, and, in come spacimens, considerabla carbonats. The
';:xrigi;n&l mafic uminarals ara ccmplstely. Bestmyad, baing roplacad by irregue
lar aggregates of low-iron hpmblende -5.11 small noedles and bunchas of
nzadles, chlorita, carbona.ta,’ scme #econdary faldspar in very small grales,
and, in oy cases, by £ina-grained ageregates of a low-iron biotita, Tha
biotite has a vary light, but definite, pleochroism, X = c¢olorless,

Y = Z = 1ight brom or greenish brosm, Fesidual corss of anp’zibolé in
soma of the biotite suggests that the blotite is an alteration product
froa sacoizdary. hormblands. The character and composition of the original
mafic minerals are difficult to decipher; For ths most part, svery vestiga
of ﬂ‘na mineral 43 destroyed even to tha cryastal outlines, Ths presm{cé of
sscondary hornblends, biotite, and chlorite in separate and distinct
patches suggests the possibility that several mafic minsrals rmay have becn
present, each of which gave rise to a ssparate series of alteration preoducts,
The licht plcochroism of both tha secondary hornblonds and tha biotite |
sugpests that they have a miativsly low iron content and pdssibly_suggests
also t.‘;.at the original mafics and tha rock in gonsral may have been‘ de-
ficiont in iren co:;fant. Very likely, tha principal mafic was enstatita



or an olivins, which, in combination with part of the plagioclase, has
produced the nearly colorlass small laths of hornblende.

Ths altersd volcanics are intercallated throughout this unit and,
from their gensral accordance with the badding and their highly vesicular-
structuras, ars considered to be flow rocks in the sequence, South of
Anderson Canyon, an-ths ridge between Farrel Canyon and Cave Canyon,
howsver, somz ancmolous relationships are 'displayed batween tha aphanitic
‘ ignaous rocks and the enclosing sediments, Highly alterad basic lavas ‘
occur as bulbous and irregular masses which ssem to pinch dowm or ter-
ninate to thé scuth, In tho saddls Just east of the ermirsnes Xnowm as
Soldier Cap on tha aforementioned ridgs thesa same alterzd basle
aphanites are immtely involved with brocciated limestcnes and include
sub-roundad linastona fragments, Tha ignaous contacts with the lincstona
and }dﬂx the fragments are chilled and indicats either that the basle
apha;itas are intrusive and have brecciatad and incorporated the limee
stona or that the arhanites flowad out on a surfacs of limastons accumue
laticn, aither submarine or barely‘ subasrial, and disrupted and incorporated’
rart of the limy mmds within them, Evidonce is not clsar to demonstrate
either hypothesis, but the prepondarance of the evidence favors the
occurrenca of tha basice aphanites as flcows, They ars highly vesicular
(not conclusive of surface formation), ars associated with chert—a common
associaticn alsswhere——and conform to the general bsdding,

Above ths predominantly chert and metavolecanic rock szaquencs of
group CA occurs a considerabls thickness of dark-;ray, black, and blue-gray
argil¥ite, hornfels, and impure calca.faous argillite, These are intsre
bedéed with sevaral thin motavoleanic flows, Toward the top of the exe

posed asction, in the vicinity of Farrel Canyon and southward, arc a.
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sariss of blue-gray orystallins limastonss which are interbedded with the
argillites and the uppor flows, The stratigraphic relations are not
too clear, but it is belioved that tho limestonas are in part a local
facles changa and ara continucus along tha strike with the argillites,
chert, and greonstons to the morth, A very small collaction of poorly
prosorved fossils was assembled from these limestonazs on thas ridge bow
twoen Farral and Cave Canyocns and “was sent to the Ceological Survsy for
identification. Dr. Jazmos Stsela Willlams reports as followas

“This cellection contains crinoid columnals, a poorly
prosarved impreasion of a horn coral, and fragasnts of
asoveral species of brachicpods all of which ara so
weathared or otherwise so incomplata that thay cannot be
sracifically or genorically identified. Thzse brachiopods
include a Chonates-liks form and an Ambocoaliz-like form,
Soma of tha crinoid colummals ara presarved in what appaars
to ba part of a basaltic lava floa,

“Dr, Sdwin Kirk has examined the specimens for aga clows
from tha erinoid columnals, Xona of us is abls to giva an

age dstoermination othar than lata Palcozoic from tha material
at hand,.®

Rock group D

A'group of rocks that forms a mors ;zr leog distinct unit occuplss the
corz of ths northern Csgood %ounté.ins and extends fro:x nzar tha northemn
and 'to bayond t.ha'soufhern lizits of the arca mapped., These are tha
rocks which havs been intruded by the Osgood Mountains stock, and, as a
consequénce ‘of metamorphism by the 'st;ock, ara ncw largely altered to
argillits, hornfels, and marble, Cnly rear ths north ond of ths mountains
ars the rocks sufficiently ramoved from tho influance of ths main ine
trusion to have rstained som3 of their original charécteristics. Kc'craver;
even mong tho least motamorphosed éections, thars are small zonas and

araas of more intense altaration related to snall stocks, dikes, or stbe

Jacent igneocus nasses,
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At the northarn and of ths range, the seriss is composed essontially
of fins-grainsd clastic rock types. For the most part, thase rocks are
well imiufated, slightly recrystallized mudstons, silicaous siltstons, and
impure fine-grained quartzites, A variabls, but usually minor amount of
carbonata 13 present in certain zonas; and scveral layors of pure crystallins
limegtona occur on the west side of the range in the lower part of ths
ceries, MNear the fault which bounds ths seriss on the west, and in ths
lztituds of cross-section A-A', plats 2, there are soveral large lenses
of pure finc-grained massive quartzite. A portion of tha argillacoous
rocks hav;:i develo;:ed) into low—grado phyllita instead of a massive
argillité. Ths phyllits nmzy represant the :'c.asulté of thermal metae
norphisa of a well-bsddad shalas,

Tﬁa largest part of this group of rocks is composed of very finow
grainad, silicaous mudstons, coup:-ising silt, fing quarts granules, and
carbonats in proportions which differ from place to place, For the most
part the rocks are somber hued in shades of blue, black, dark gray,
brcmish. gray, and brom, Eedd..ng is usvally distinct 4in ths less meta-
*ﬂorﬁhosed areas a!nd ranges from beds less than 1 inch thick up to massive
layars of siliceous argillite. 20 fast or mors thick. In the mors \inirom
argillaceous or impure quartzi'aic facics, the beds are fairtly la::xtnatod
a f\.ature that is especially wsll sh@m on weathered surfaces, As ths*
car“mata contant increasss thers is a ’ocndnncy for ths carbonata ard ths
clastic ccnstimants to occur i.n separats layers with the devdo*mmt of
a digtinctive, thin-bedded faciea of al t.arnata argillito and limestons
layers, each usually less than ons or two inches thick, (Sea pl. 1, B8,)
Such zones-of interbedded, tnin-‘)eddad li.m..stona and argillits are
locally as much as 100 fsst thick, bul have no consistant lataral cene
tinuity, On w at‘mexing, tra purer limstcna 13 otched out, producing
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a ridbed ocutcrop., Southward, along ths edges of the grancdiorite stock,
" the srgillite facies has been, for ths most part, recrystallized into a
cordierite hornfels 'rmich\will be more fﬁily discussed under ths sectiiom
~on mtarxc'rphism. |

Limestone bads in the series occur both'aé very pure layers having
sharp contacts with ths enclesing argiliite and as purs layers which grade
into the argillite through a zorna of interbedded limestone and argillite.
For the most part, the limostones are a dark to light blus—gray color,
medium badded, and medium grained, with minor impurities ccncentrated
along ths bedding planes. In general they ars well recrystallized.
A very minor amount of chert is assoclated with the limestons. A notabls
foature of the pure limestons layers is their ZI.::ms;,'r character. Although
soma layers of limastons no more than 50-100 feet thick may be tracsd for
a mile or mors, it is not unusual for a layer of similar thickness to
pinch out along thae striks within a few hundred yards. Ono layer at ths
north end thicksns from one hundred feet to 900 feat in a distanco of
one mils, At the north end of the range limestone compriscs only aboul
S percent of the serles., Howover, to the south-, the limsstonas bacome
prograossively more abundant, and in the area betwesn the two stocks
ccoprise ﬁeerly 25 percent of the scction; It is evident from the map
(pl. 2) that individual lizestons beds tend to thicken towerd tho south,
and, furthermors, tend to coalesce to form thicksr layers. This sugpestas
& faathoring out of the limesione facies from south to north and probably
axplains the lonsy and discontinuous distribution of ths lirastonss in
Rock group D at the northern end of the mountains,
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Under the micrescopa,the limestonzs ara szen to be fine, evan;grayzed
recrysiallized rocks cc::pcsef.i essantially of Cald; in a mosaice of grains
which range froa 0.1 to 0.6 milli:mte; in diamstar. Mo dolonmite was found,
A1l gradations exist botweon pure limestenes and pure sandstonzs and pure
lirsstones and pure shalss or sﬂtstones.

The quantity of true quartzite in this seriss is relatively miror.
For thy most part, the quartzite occurs as discontinucus lenses no mors
than a fow hundreds of fest long and 50 fest thick, ;‘ha largest layez;
marped 4s in the order of half a mile long and 150 feat thick, bul this
is axceptioncl, Only thoss quartzites are shown which are sufficlently
lar::a or continucus to be plotted on the map (pl. 2).

The quartzites are all fins grained, which is in keeping vith the
genarally fina texture of the serles. For the most part, the grain size
rarsly excsads 1 millimeter and usually is betwesn 0.05 and 0.5 nilli-
reter, The purer laysrs are cmposﬂ up to 95 percant of quarts, with
a samall propertion of apatits, =zircon, amphibols, and pyroxens. The
oririnal cemant appears to differ in different layers, with carbenates,
iron 'oxid’es, and argillacecus material in various proportions as the
most comon cenenting material., In some of the impure quartzites the
proportian of those matorials arounts to as much as 25 percent of the
mck.' The quartzites of this series have been recrystallized without
excoption, In the mors exiroms cases, tha recrystallized rock compriscs
& mosaic of interlocking quarts grains with films and {rragular ssegro-
gations of the original cement slong ths boundaries. The original shape
of tha grain is lost, and only rarely is an outline of such a grain pre-
Berved as a faint line of inclusions in the enlarged crystal, In those
rocks which comprise an appreciabla amount of cement, the cementing
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naterial is reconstituted to 1"om tremolite, sericite, and magnotite,
and othor new minerals, In somo examples, the gquardz of tho grains is
involved in the new combinations,

A number of anczalous zones of a giliceous, extremsly hard, fine-
grained flinty rock are considered to result from silicification of
gome othar rock type. Sevaral of thaese bodiss cccur at the northern end
of ths saerles, and others, less prominent, occur associated with the
limestones in the reontrant bebwssn ths two lcbes of the granodiorite
stock, A few of thess can bs directly related to silicification aleng

faults or fractures » but others have no obvious structural contirol.

F;.mglcmsra‘ba

A paricd of marked diastrophism followed the deposition of the
proceding fomtions and daformed and elevated the rocksinto 2 land mass
which was subsequently eroded. Upon the boveled edgas of the mudstonss,
shslas, sandsionsg, limesiones, volcanic rocks, and chert was desposited
unconformably a sequence of rocks of widely differcnt lithologies, which,
from meager fossil evidenca, ars considered to be, at lzast in part,
uprer Carbonifercus, poésibly upper Pennsylvanian in age. This seriss
has as its basal mamber a very striing, coarse-textured, uncorted
clastic rock which fits the characteristics of a fanglomerate. (Ses pl. 13, B)
It is exposed in two widely ssparatad places in the map arca—at the south-
‘wagt corner where it rests unconformably upon the massive quartzites of
Rock group B and abcut a mils northeast of the mouth of Anderson C‘azwcn;
“where it forms the base of a synclinal trough which rests unconformaﬁly
upon the cherts and metavolcanic rocks of Rock group C. It appears to be
absent north of the Cetchell mine whare the horiszon of its occurrence
at the unconformity between rocks of Groups C and B is exposed. The
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fanglomerats ranges in thicknsss from an estimatod 20 feet at tho northerm
axposure tb approxirataly 100 feet or mors where it is exposed in the cliff
faca on tho north side of tha Hogshead Canyon. It comprises an assortmont
of angulﬁr to sub-rounded rock fragzents which rangs in sizs from sand and
pobbles to boulders one foot or more in diamster, For thic most part, tha
conctituents ars wassried znd Jumbled togother in tha genaral form of a
broceia, Cccasional lonces of sandstona or siltstonz are intorlarared
with the fanglomorats, but for the most part the rock is a hoterogenzous
nixture of =oterial of all sizes, woll compacted and cemented, PFragaents
of 211 ths underlying scries occur in the fanglomerate, but quartzites
predeminate; where the fanglomerata overlies massive quartzites in ths
subjacent rocks, it is composed nearly 1CO percent of quartzite fragmants,
Tha fanglomerate 1s overlain directly in apparent conformity Ly a thick
serias of rocks, t};e lower members of which are linestonos with subordinats
amounts of argillite and sandstones.

The fhnglameraté of ths Osgood Mountains is apparontly a northward
extonsion of ths #masing fanglomarate originally described by A, c: Lxzvsen
(5, 6) near Battlo lountain, Nevada, and subsequently found to ba of very
wido extent in tha Soncma and Antlar Peak quadranglas; ¥hethar the formge
tion was at oneg tima continmuous over tha area anclesed within its ocutore
most occurrernces, i3 unlnovm, but it doss maks a continucus formation over ‘
axtonsivs arzas south of Batils Mountain, and ths ceonditicns which proe-
ducad this typs of rock woere in opsration ovar hundreds of squars miles;
Tha thinaing of 1t from south to north in ths Cagood Lountalns and its
absanca north of ths Catchsll mins may imply that this areca i3 near thae
northara 1imits of its cccurrenca. In the Antlar Peak éuadranglg, ths
fanplomarats is overlain:by the ‘Zntlar Peak limostons of uprer Panﬁa#lvanian

aga,
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Rock group B
The saquence of rocks that rest directly on the fanpglomsrats at its

two cutcrops in the Osgood Mountains 1s incomplots, all but the basal
fow hundrad feat having bean eroded, Above the fanglomerata in the
small synclinal fault segmont exposad north of Anderson Canyon iz a sc-
quonce of sandy limestona, ‘ 25tone, and minor azounts of argilli‘ts;
The limastons rangas from nearly purs wiite, fina;grainad crystallins
types Yo massive bluc-pray limestona with thin hornfel laysrs, A meager
colla:cti‘on ‘of fossilé ’was made fran this locality and was examinod by
pr. Janes 31;:;619 williams, who reportss "fhis collecticn contains

crinocid colwzmala, a rhomboporoid bryoczoan, and brachiopods resenbling

specias of Huaiadia and R:r.stqéparifar. Tha brachiopods ars imparfactly
pregarved and so altersd by silicification that minuta stroetires, such
ag punctation, ars not daterminable., They cannot therefors be defini@ly
‘.d-antified. Ths most cozmplete brachlopod spacizmen is a largs fustedize
.11ke form that in general appearancés resemblas a Thosphoria spacies,
Hustadia rhosphorienses Branson, This spacies hasg been collectad from
Farpusonls arza frcua a locality in tha Edna ¥Yountains whare {t is '
aséociaﬁ&d with.s;airﬁ‘ar Iszﬁdocmerétua and a varied fauna which I bow
lieve is of Fhos;hdria age. ceressrene Although t.‘xa’pre§ant evidancs
dcas point to the fhosphoria ags of the collection, I fsal that it is
too meager to b; conclusiven, |
Non-fossilifsrous limsstons and argillite of charactsristics
similar to the fossiliferous on2s described above overly tha fanglom-
| arata of Fogshzad Cangyon., They are, however, much matamorphosed and
shegrgd and contain no evidenca of fossil remains, Doth of thess serics
ar§ .p.rbbably related to the rock serles at ths northeast corner of the

.aréa which 43 naxt descrided,
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Along the northsastern flank of the mountains and extending out
for 8 to 10 miles in an eastarly dircction is a series of sedimantary
rocks with intarbedded voleanic material, the age of which appsars to
ba slightly diffaront from the other series in the rangs. The limestons
and quartzita of this sories are excaptionally wall exposed in ths low
hills eaat of the north end of tho range and outside of the map arca,
Bocausa of their low dip, resistant characteristics, and white color,
they form striking outcrops that ars visible from ths vicinity of ths
Cotchell mine, In the arca mapped, only the wast end of this series
is shown whera it abuts against tha Gatchell fault,

A collsction of fossils from some of tha limestonss in this sarles
indicates that it is, at least in part, oquivalznt to ths Antlor Peak
bads nsar Battle Mountain which lia directly abova the fanglorerate in
thal arsa, These fossils wers also gxaminad by James Stosle Williams,
who reports on them as followsg

#This collection contains producteid brachiopods of tha
subgz=nara Dictyoclostus and Linoproductus and bryozoans belonging

%o tha genera TFonestella'’, Sulcoretepora? (Cystodictya of authors),

Diploperaria?, Penniretopora, and also rhomboporoid bryozoans, In

facics and ags, tha collsctions resembls the beds at Antlar Peak

and ara thus upper Ponnsylvanian (as agains$ lower Pannsylvanian)
in aga. Thesa beds might possibly extend up into ths 3ons of -

disputed Psnnsylvaniza~Psrmian ags, but wa balicve tham to ba
aquivalent 4in general to the Antlar Peak limestone beds,.%

The series rosts unconformadbly on greenstone, chert, and argillits
that ars balieved to ba equivalsnt to thcse of Bock group C on tha waat
flank of the ranga, In this rospect, they boar the samoe relation to tha
grzonstone-chert seriss as the fanglamerate and its overlying linestons
series. RHowsver, in this lccaiity the fanglomsrats is missing, and the

1imestones .that directly ovarly the unconformity aproar to ba of an age
mors néarly equivalent to limestones that overly the fanglomsratse in

ths Battla Yountain area than to the limestones that overly the
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fanglomerate on tha west side of the Osgood Mountains. The msaning of
tﬁin anomaly is not clear, Tha local absanca of such a formation as the

.anglomrata aight ba expoctable, but ths oxistance of approximately
1,500 faot of Antlor Poak bads in this section and theirapparent absencs
2 nilos to tha wost drsless easily rationalized., In view of the msager
fo3381 svidance and the gensral doubt as to the exact age of such fossils
23 wara obtainad, the limestcns above tha fanglomarate on the waat is
corralated with tha basal limestonss on the east,

The rocks of group E are distinguished by the interbedding of
considarabls thiclnesses of crystallina limestone with impure, vhits
quartzite, tuffacsous guartzits, metavolcanic rocks, and some argillita,
Chert cccurs in very minor amounts in the lowar part of the saction but
in nore abundanco toward the top.

As with other series of formations in the range, thias ona is in-
complote, Tharsas tho bass ia known, the top is buriad, and faulting

as caused rapet.it.ion togather with a cortain amount of cutting out of
bads in such a mannar 2s to moke exact msasurement of thicknoss impossible.

Tho base of this section is expcsed about 0.6 of a mils dua north
of the Getchall mins where a basal lirestons, 900 fast thick, rests in
marked unconformity upon ths gréenatona and chert of tha older formations,
Ths ii:::estona 1s a crystallins, blue-gray, thick- to rmssive—beddad;
naarly pure, limestona that is distinguished by the inclusion of widely
scattzrad, but well-rounded, white quartzits psbbles and cobbles, At
places, especlally in the rocks exposed east of the map arca, small lenses
of quartzitas pebbles and conglomaritic or sandy layers occur in the limc-
stone, Tha associa 1on of limestone and quarizita in a sedimentary sequencs
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is not uncommon, dbubt tha occurrsnce of scatiersd fsolated pobbles and
lanses of purai quartz conglemarata or sand in an otherwlsa puras limestone
‘presonts a situztion not easily explained,

Abova the basal limestone is a layer 1,000-1,200 feat thick of
siliceous limestonos and impure fine-grzined quartsite, Swmall cutcrors
of granodiorits sugcest the existencae of a subdjacant Ignecus rock widich
may account for the metamorphism of these rocks to fine-grained quarizite
and tromolite-rich quartzite, Certain of the garbonatc-rich porticns of
the series are dolomitic. Some magnesimm may have becn introduced from
the ignsous rocl; to form the trzmolite,

Above the sandy limestone occurs a sons, approximately 1,200+ feot
thick, which is composed primarily of metavolcanic materisl with soms
intormixed impure limestons., In weathered ocutcrop the mstavolcanie rocks
appear as brown dense rocks which have en irreguler, contoried, ropy
ﬂow;ga pattern 1In cross section_. On fresh surfacs, the rocks ars gray
brevm in color, somowhalt mottled and havs a d2nse, almost ﬂints»; textura.
If 1t wars not for ths structurss shorm on weathering surfaces, the
rocks micht easily be 'mistak:m for lizht~colored homfels; For. tha most
part, thers are no phenocrysis or other evidence of their volcanic nature,
In Pock gréup E, ths motavolcanic rocks, elthough ranging considersbly in
general appearancs and composition, are all derived from more silicic typss.

Under the microscope the metavolcanic rocks hava a very fine-grainad
groundmass with 1ittla svidanco of the former existence of phenocryata;
althouch some 1n;e,v,~ular patches of ccarser-grained mineral aggregates nay
mark the locale of such crystals, Original textures have bean largaly de-
stroysd by the metamorphism, %ich has been responsible for the production
of the hornfels and quartsite from the mudstons and sandstone, Flow lines
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in ths rock are prassrved by swiriing lin:s and nzrrow zones of a brom
stain which is intarpreted to be a partially devitrified and altered
glass. (Sse pl. 23, B.) Scme biotita has forwmed slong these lines,
The silicic lavas ware epparently very susceptible to melamorpnic _c‘nanges.
The groundzass is conposed essantizlly of a granular mosaic of quartz
and a clear, untwinned feldspar. The feldspar, which has an index wall
belaw bais::m, is very likely orthoclasa or albite or both, but the
grains wore too gmadl for accurate identification. Scattered shreds of
a whiite mica aras present through this mosaic and are also segrscated
along certain lines and in irreqular masses. A small amount of bilotite
is present 2long some of the browm flow lines of the rock, Scma of the
layars may have been tuffaccous, but the evidence for thelr original

constitution has been completely destroyed., Small fractures are filled
‘ with socondary quartz, and small ovoid areas of simlilar quartz are
interproted to bo vesicle £1llings.

Above the metavolcanic rocks is mors limestons similar in every
respect to the limestonz below the Impure tuffaceous sandstons. This
leyer is approximately T700-800 feet thick, Above this is a zons of
intarbaddéd lirgstons and some tuffaczous beds, aggragating in all
;ac.'r.‘e 800 feot., The uppormost-sxposed recks of greup E comprise 1,500
feat to 2,000 feet of interbedded brown cherts, fine-grained, thin-
bedded quartzite, black siliceous hornfels, metaveleanic rocks, and a
litils liméstone. This part of the aeriss is very poorly exposed,

-

and the relativo amount of tho various componente was not determined,



Description of ths igneous rocks
A11 of the ignzous rocks of the morthern part of the Csgoed
¥ountsins ara deascribad in this section with the exeaption of the metla=~
volecanic rocks intarbsdded with the scdimentary series, which werc do-
scribed under the lithology of the rock groupa. Seven igncous rock types

havzs besn identified in the arca,

Oranxiiorita

Caneral features.—-The grancdiorits of tha Osgood ¥ountains stock

is tha principal intrusive rock of the arca, In genoral shape the granc=
diorita forms a double stock consisting of two roupghly equidimensional
masses on a north-south line which are joinad by a shorl narrow dike-like
septus of the same kird of rock. The southernmost of these two stocks
is néarly circular in outlins with a diameter of 2 miles; the northern
is more irregular, being 3 milass long by nearly 2 1/2 milas wida, The
genzrsl shapo of the mapped area of the stocks may be likened to a crude
dumbball,

The ryslation of the contacts of the stock to the country rock
changes from place to place, In genaral, the bedding of the :edi;zents
1s parallel to thes strike of tho contact whersvar this striks is not too
different from the proedeminant north-scuth striks of the sediments, Such
conformable contactas occur along parts of tha easioern and wast&rn sidcs
of the stock and at places on the ends where large sills split off from
the main stock and protrude along bedding planes. . 43 a result of this
characteristic, tha bedding of the rangs shows a tendency to wrap around
ths stocks and accamodate itself to the bmmd;riea of the granodiorit.a;
Bowsver, on the ends, ths granodiorits sharply cuts across ths bedding,



33

and it is obvicus that large volumas of ths country rock have boen elimi-
nated from ths spacz; now occupicd by ths stecks,

The dip of thz contact can be determined with assurance in several
of ths mining excavalicons on the periphery of the stocke. At the Riley
mine, on the east side of the north stock, exploration indicates thal
the grenodiorite contact dips quite uniformly to the cast ab 40° parallel
to the bedding, (Ssa cross sections, pl. L) At the Pacific prospect on
tha east side of the scuth lobe of the stock it dips to thz east at 60°,
At ths south end of the sama loba tha contact in the Granite Crosk mine
dips 60° to the southeast. These thros specific localitiss illustrate
 characteristic conditions which prevall slong the eastern borders of
the two stocks whers the contact is controlled by and lies esssntially
parallel to the bedding of the scdimenis, A the Richmond ming;en the
northwest sids of tho north stock, the contact culs across the badding
and 1s vertical. Tho contact at the Forvenir mins dips steoply to the
east, and the granodiorite thersby ovorlies the sudimontary rocks,
Elsevhora on ths westsrn borders of the stocks, the configuration of the
contact, its rolation to topography, and, in a fow placea, direct
measurement of the dip, indicata that the contact dips consistantly to
the cast ol a stesp angle. Wheroas the dip of ths contact on tha eastern
side of the stock tends to follow the bedding of ths sediments, it s2ems
to be true ganerally that on the west, the contact, dipping to tha east
at an angle greater than the dip of the sediments, intersects the bedding.

Thus the Osgood liountains stock i3 a dowrwardly enlarging body of
ignacus rock with an assymetrical cross-gsection in which both contacts
dip gastward. (See section B~B', pl. 2.) The character of the southward
tarmination with its steeply dipping contact as shown in ths Granite



3L

Creek mina and a general lack of dikss or cutlylng plugs very far from
the main rass sugrest an abrupt ending of the rock in t.his directica,
The north end of the north lobs feathers out inte saveral falrly large
8111ls and dikes, which lesd towand a numbor of other dlscounscted dikss
25 well as thres small granodiorite plugs, the cemposition of which is
sirdlar to ths stack; " The occurronea of thase small igncous rock bodies
in the ar2a noith of tho main outerops of grancdiorits sugrests that the
stock may havs an underground extansion in that direction, Evidence
based on the dsgroe of metamorphism also bears this oul and Is dise
cussed undor thal heading,
The upwardly converging character of the conta&a togather with

tha apparent burial of th;a north end of the stock maks it logleal to
infer that the siock is probably exposcd near ita crcsi, although it
could have extonded several thousand fe=t above Its present elevation;

| ‘Potrocraphy.—The grancdiorite is an equigranular, medium coarsé-
grained lght-colorad rock, which, on weathersd aurface; assunmes a buff
or licht~-tan color, (See pl. 14, A.) Local areas contain abundant
sulfidss and upon waathering beceme stained a dark-reddish brown.
Plagicclass, orthoclass, qu;art.z, biotite, and amphibols can be recognized
in 211 hand spzeimens, and, in sax spscimons, yellowish-brom titanite
is visiblse., Detziled study of thin sections of rocks collacted from all
parts of tha grancdiorite has dotormined that the composition is re-
markably uniform, with the excepticn of a very narrow border gons, An
average composition i3 as follows: plagioclass 4S percent, ort.hc;clasa
25 percent, quartz 15 percant, biotita 10 psrcent, amphibole (comron
hornblende) 5 parcent, plus minor amounts of tdtanite, apatite, sircen,

and alteration products. The plagioclase is always very close to An 40
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in composition, although ﬁuch of it ia zoned and varies in soms measured
specinsns batween An 36 and An 48 Ea.ﬁ;{ of the plagloclaso crystals
show escillatory zoning with evidoncs of corrosion batwaen egach ssquoncs
of zonas, md most of them ars corroded on the periphsry by orthoclasa,
The principal mafic mineral is bictite, aith an amphibicle near common
hornblende in coopositlon as tlie second most abundant., 0f ths accassory
minarals, spheze 1 the most abundant, and, in scma gections, amounts
to several percant, |

The over-all uniformity of composition of ths granocdiorite is
potabla, An attempt to dsetermins possible subtls variations that ares
not easily apparent was made by means of heavy residue studics of 6
eanples which were gollected from widely spaced localities in the stock,
both near the contact and at tha center. About 200 pounds of weathered-
granitic grush, which was still in placs, was gathered from each locality
and panred, The magnetic fraction consiszting essentislly of magnatite
wvag renmoved and the non-magnetic residues studied, These were found to
consist almost entirely of differsnit proportions of apatite, sphene:
and zircon, with minor smcunts of allanits in tw samples, On tie basis
of so few samples, any gensralizations ars meaningless, but the folloirlng
obsarvations are given at thelr face valus, The two samples from the
canter of the intrusive contain gircon in a great varisty of crystal
shapas, sizes, and color and in much greatsr abundance than in the
other samples, Sphens is mors abundant in samplos noar contacts than
in tha central part; and ons sampls on ths contact at the Vallsy View
mins contains a swmoky lavender pleochroic apatitq in sharp coatrast to
¢olorless apatits prasent in all other samples.
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Eonc of these obssrvations is positive in thoe sonss of indicating
significant variations in compositien of t.hls granodiorite, A negative
result, however, is the confirmation they give to the general conclusion
that the grancdiorits has been little affectzd by the contsct actien
throush assis tion of wall reck, by endomorphic alterstions, or by
incorporation of xenocrysts. For example, the lack of garnst in heavy
mineral concentrates from granodiorite against tactite at both the
Granite Creek mins and the Valley Visw mine illustrates this principls,

The exception to tha gonsral uniformdty of composition of tha

anodiorita is a changa in the mafic minerals ¥ithin a fow fest of
the contact, This changs consists of a diminution in the amount of
bioﬁtg and the development of pargasite at its expenss, AL the
irmediate contact, bioctits may be entirely replacad by the amphibole,
and soms of the arphibole, in turn, replaced by diopside. Paragenstiic
relations, based on the rimming of one mineral by anothsr, are that of
ths Bowan reaction series in reverss., This change is apparent at all
contacts rcgardlesé of the composition of the wall rock. Its signi-
ficancs, howover, is nol fully understood, From the occurrsnes of
reznants of arphibolas and pyroxens in the silicified border facles of -
tha grancdiorite (a facles rosulting from contact matasomatism and
discussed under metemorphism), the implication is drawn that the production
of the minerals predates the later phases of contact motasomatisam with
which the silicification is associated., This change in ths mafic
minerals may result from a slight contamination of the magma by the wall
rock, or from the effegts on the crystallization of tha magma occasioned
by the escape of volatiles from @ zons at its borders into the country
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rock at the time of emplacoment. This latter hypoinesis might help
explain thse dastruction of the biotite, wroug}{ the removal of water
which 1s essential in its compositlon, and the transfer of somc mabterlale—
notably ircn——I1nto the wall rocks from the outermost rind of the steclk,
Such a process michd be a first step in additive metamorphism which is
discussed at scma length later in this paper,

Yede of emplacoment.~The mods of emplacemont of the stock is not

aasily deciphercd. Five possiblz methods of aemplacement ars censidsred:
(1) Invasion by pushing the couniry rock aside and making room botweon
tha sedirants, (2) pushing of the displaced rock upward—a punching action,
{3) metasomatic rsplacement, (L) stoping as championad by Daly, (5), 2
combination ef two or more of the aforzmentionsd processes.

As proviously pointed out, thers has been a cartain amount of
shoving asids of the country rock by the pressure of intrusion, Thisz
is not only illusirated in the regional pattern around the intrusive szs
shcwn on the map (pl. 2), but locally in ssveral of the mins areas whers
crunpling of ths beds occurs in resatrants or accompanies the edpes of
the ore bodies, (Sea pl. 5, section B-D and pl. 13, A.) Howaver, the
fect is cbvious from a glance at the gecloglc map (pl, 2) that the
gensrally predoninant cross—cutiing relations at the ends of the in-
Yrusive make it nscessary to account for an embarrassingly largs volume
o:f hornfals and limastone which oncs occuplsd ths space filled with
granodiorita, For ths main modz of emplacement, concordant intrusion
is entirely inadsquate,

The punching out af a blaock of the roof implies the production of
boundary faults, a taaring off of large chunks of rock and the ghoving
of theso upward or outward into a pesition from whence they have now
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been removed by ercsion. For such a process to be sound mechaniezlly
tha contacts would have to ba nearly vertical, or at least parailel, ond
very proscely ﬂ;xrirg, in the upper parts of ths intrusivs mass, Controxy
4o such expectalions, the grancdiorite contacts converge shargly upwards.
A further exgactation in such a ﬁ}’pcthesis would be ths dragging of the
walls upwards around the periphery; this kind of intrusion being under
grzat slress, such structures would be strong corroborative evidence

of this mode of erplacement, Hons, howsver, was ssen.

Emplacamont by metescmatism or metaéamtic replacenzent (recerystelld-
zation replacement) involvas a procsss or geries of precesses which have
been applied by various petrologists to explain the produciion in placa
of igncous-appaaring rocks of all modes of occurranca vherc other
machaniams of introduction seom inadequate, The modus operandi amd
effectiveoness of the process is interpreted variously by dilfsront
workers., Scms, such as Quirke and Collins (7), Sedsrhelm (8), and
others, apply the process in old Archean terrancs under conditions of
deep burizl, high pressure, and temperatures sufficient to produce
partial fusion of tha rocks. Others, such as A, L. Anderson (9), 
Doris Reynolds (10), and O, E. Coodapsed (11), apply the process to the
fomation of ignzous-appearing rocks in much later puriods and under cone
ditions of much loss sevarc reglonal metamorphisn, or even in the elmost
c¢omplote absonca of excessive temperaturs and pressurs, The process.abt
lovor temperature is visualized to be caused by a more or leas temuous,
all-pervading scélution shich brings in the nsedsd elements, removas
excess or unusabls alaments, and promotes a recrystellization and re-
constitution of ths rock in place, thereby producing a rock whosa mineral
camposition and texture simulates that of a true ignsous rock. The source
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of thz modascuntiszing solutions is referred by most advocatos of tha
process to soms adjacent body of true magma, and, in such cases, the
replaccomant rock forns only a rim or relatively szall part of thz whels,

+

owaver, large massss of country-rock sedinants

e

In somz descrlplions,
are said to havo bean transformed through tho medascmatic aclivity of
goluticns which cawe from "below®,

Tho criteria for distinguishing thess ipneous~appearing replacemsnt
rocks from true igneocus rocks includs the following: (a) ®all-rock units
can be connected across an intervening arsa of igneous rock without off-
sct; (b) inclusicns or xsnoliths which arc coampletely separated from
the country rock, but which maintain structural orientation with the
structure of the country rock; (c)‘relicts of wall-rock structurs which
may be traced through or into the ®igneous™ rock--~such mihgs as ghost
bedding, ghost pebbles or shadew pobbles of a conglomerata eic.; the
so~called palimpoest structurss of Sederhiolm may be included here in
part; (d) the composition end texturs of the metasomatized rock may changa
within short distancss; this is especially trus in the cass of incomplots
change or in arsas of sediments of widely varying compositions; (e) coarse
texture on borders—the lack of any fine-grained or glassy selvaga; (f) gra-
dational as well as sharp borders; (g) gramulitic, granoblastic, and
helicitic texturss ars commony (h) phenocrysis have features indicating
porphyroblastic origin-—turbidity due to includad materlal, complex
twinning, included minsrals that ars not pyrogenic; (1) inclusions in
all stages of recrystallization may be locally abundant, and delicats
relicts of the inclusions may be undisturbed; (J) wall-rock matorial at
contacts extends into the "ignsous" rock and is interstitial with respect
to the crystals of the dikej crystalloblastic extension of dike minerals

into the wall rock.
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¥hen applied to thz Osgood Mountains stock, the eriteria listed
gbova fzil to afford a convincing casa for the maztasonatic origﬁ of
the rock. Thers ars no intarnal structures; the contacts are everyubers
sharp and not controlled in any way by the littology; the compositicn
ani texture of the grancliorite is very unifera to within a fool or tho
of the contact itself, Thera are very few inclusions wituin the grance
diorite, even at tho imuadlats contacts, and no exarmples of the orienta-
tion of inclusicns with the wall rock,

The hypothesis of stoping prssents a reasonably plausibls molda of
intrusion for ths Osgood Mountains stock, but direct evidence for its
oparation is not availzble, The gonaral lack of inclusions caught in
th: act of being stoped has bsan pointed out previously, but this can
be';gpjimmlized as offering no arguwsaent egainst thair formar existence,
The f;ct that the western contact dips under the granodiorite 1s not
nacessarily an argument agai.ﬁst thg stoping procoss, but such a dip 1s
probably iess to be expected than onz that dips under the hornfels,
Indirect evidance pointing to storing 23 a possibls mode of origin |
consists of two main linss of thoughts (1) The naturs of ths contacts
and their relation to tha country rock, end (2) the relatively urdform
composition of ths intrusivs mass,

In a number of the nine oponings on the periphery of the stock,
the contact can be ssen in great detall and consists locally of & seories
of steps or nearly right-angle turns where the igneocus rock cuts sharply
across the bedding for a short distance bafore résuming & coursa nors
naerly parallel to the bedding, Thesa jogs vary in size frcm 10 to 100
feet or more in dopth. AL the Riley mine, for instancs; the course of
the contact is detsrmined essentially by the bodding of tha sediments
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which dip LS® and a nearly vartical jointing at right angles to the
vedding., (Ses pl. 4.) The vartical structures havs been Interprated
as cross Joints or small faults, and the grancdiorits has apparently
mads use of thcse structures at the timas of its emplacazent. In a
rrocess of block stoéing chunks of rock would presumably break out
along such linzs of wsalknass, and é‘ae pressnca of this typs of contact

is suggestive of thao mods of intrusion,

Dacita porphyry
Rlong the porirhery of ths grancdiorits stock, notably at the north

- end but also at the south and in tha arva batwzen ths two lcbes, are a
serics of dikos which ars vory closely related in compozition to the
cranodiorite, Tha dikes ara escantially offshoots from the main mass

and ara distinguished fzem it orﬁ,v by texturs. In hand specimen, tha -
rocks ars light-gray to gray-tan colorasd porpﬁyries composed of abundant
phonocrysts of feldspar in an aphanitic matrix, A fow scattered crystals
of biotita-‘and altercd ampnibola or pyroxazna also are visiblas, In thin
saction, the rock is =aen to be composed of zonsd plapioclass phenccrysts
(4L0~60 percent) having a compositiocn of An 33-45° set in a matrix of finc-
grained sanidine, pyroxsns, and quartz. Scatlered areas of chlorita
raprasant alteration products of pyroxsna., Accaessory minerals include
spazne and apatita, Tha plagioclass crystals show evidsnce of attack by
the matrix with ths formation of perthitic intergrowths on tha parithaery

of 3cma crystals,

Pegmatite and aplita

Pagmatite and aplits, bolh salic differontiates from the grancdiorita,

are greupsd togather becauss of their rslative scarcity in ths area, In fact,
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tho most notabls feature about them is ths goneral paucity of such rock
types oithor along ths granodiorite contacts or within the granodiorits
stocks, A few aplitas have baen mapped, but most of them ara too small
or discentinuous to show on the map. Pegmatits has been found at very
£aw placaes and always sgainst the contact. Fherover it is found in the
Csgood araa, the pagmatite iz a simpla miz;:t.ux‘e of quartz and feldspar
with a 1ittls mica, but no rsrs ninecrals,

felations along the contacta where aplits l1s to be obsarved indicats
clearly that it was dsvaloped as an end product of consolidation of the
granodiorite but was smplaced bafora the final phases of the contact
metagozatism, Thess dikes teil out and disappear in the granodiorite,
but in the contact zons appsar to ba replaced in part by solutions which

produced tha garnetization. (Sse fig. 2.)

Andusite

Dikag of andasitic camposition are scatiored rather widely over

| tha Cagood Hountain area in the vicinity of the granodiorita stock.
;:ost of them ars relaiively thin—raraely axccading 10 feet wido——and
are discontinucus along thelr striks. In a few instancas, tho dikes
blossom out into small plugs and irregular masses, In hand speci:aen‘,
the andssita is moedium gray, fins grained to aphanitic and porphyritic.
Tha phSnochsts ccaprise whita milky plagloclass crystals, as much as

5 millimatars in diamster, and shiny black nssdlas of horrblenda, In
thin soction, the rock is seen to bo composed of phenocrysts of plagice

clasa (An ho)-—zo; 2d in an oscillatory sequencae with much corrosicn be-

tween tha sorisg-—quartz, which occurs sparingly in well-rounded, largze grains ’

biotits in largs plates, and evhedral hornblends, all in a fins—grained



groundmass of tha sare mim;ral:. Some of the andesite is highly
alterad, and the phenocrysts of plagioclase ars transformed into a mass
of chlorits, carbonate, and spidota,

Andasita dikes cut all of the sedimentary rock groups in ths area,
the granodiorite, and ths contact metasomatle rocks, Thoy are definitely
post-crancdiorite, although thoy may ba rclated to a much later phase of
the sans ignsous activity, A notabla foasture of the serisg—granodiorite-
daciteo-endesite—ig the uniform zonal charactar of the plagioclase, In
all threa rocks, the zonod plagioclase falls in the An 3550 Fange, the
zordng is oscillatory, and corrosion occurs at intervals during growth

of the mineral, ending with partial resorpticn of ths ocutermost layer
of the crystals,

Basalt

Considsrabls arsas on the lower slopas of the west side of ths
Oszood Hountains are covered by basalt flows. Tha geologic map (pl. 2)
shows a seall portion of these rocks whars thay crop out on the ridgs
betwgen Farrsll and Cave Canyons and form a feature locally knom =3
Soldief Cap. Tha rock is a dens2 darkegray to black vesicular lava
which contains scattered oldve-groen grairs of olivine. In thin section,
the rock is seen io have a fine-grained irachytic texture, dus to tha
semi~parallsl arrangezsnt of plagloclasa latha, Tha plagioclase laths;
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