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INTRODUCTION

magra;‘siﬁﬂ Setting

The San Francisco Mountaing are a northeast-southwest trending
range in the eastern portion of the Great Basin, The range is about 178
miles southwest of Salt Lake City slighily south of west-central Utah., The
rea {refer i5 index map, fig. 2} is in the north-central part of Beaver
County in the western hali of the Frisco Special Quadrangle. The geslogic
map {plate 1) iz bounded by paralieis 38" “25¢ and 38732 mwh and by merid-

s 1137151 and 113721 wast. .

gm.

The ares mapped sncompasses the old San Franciseo Miniag
Sistrict and exiends abouwt § 1/3 miies in a north-south direction and 4 miles
in an east-woest direection covering slightly more than 38 square milezs. The
San Franciges Mouniains rise rather abruplly on the west lank in less than
3 milss frz&w Wwah Wah Valley at an elavation of 5000 feot to Frisco Peak,
(Cmarizgite Hill) 9648 feet abuve sea level. The slope is much more gentle
on the sast fiank of the range. Near the ghoat town of Frisco, the range
slopes from 6500 feet to B0UD feet at Milford 1B miles to the sast and farther

north opposite the highest peak in the rangs, the slope bgggiaa at 7350 fest,

Acceasibility

Access io the region is readily gained by Utah State Highway 21
which leads westward feome Millord, Utah and skiris the southern foot of

the San Francisco Mountains in Squaw Springs Pass, The highway crosses

Wah Wah Vallay which borders the range on the weat side and then travals




2
in a northwest direction through the Wah Wah Mountaing and into Pine
Valley to Garrison, Utah located near the Nevada state line. The highway
then passes through Baker, Nevada joining United States Highway 6 about 7
mués northwest of Baker.

Since the area is an old mining district, there are numerous dirt
roads leading from the highway to the abandoned towns of Frisco on the ecast
side of the range and Newhouse on the west side of the range and to the mines
themselves. These roads are in various s.tages of repair; the more iinpor~
tant roads are kept up by the grazing sérvice for the use of the sheepmen,

It is possible by these roads to drive high on the fans and pediments at
several points on either side of the range in an ordinary sedan, Cloudbursts
causing washouts however, are a constant threat to the mobility of the worker
who does not have a vehicle with a 4-whee!l drive as was my éxperienca. An
army trenching shovel with an adjustable head converting to a pick or shovel
turned out to be an indispensable piece of field equipment for digging free

a high~centered sedan,

Previous Work

The areal geology of the Frisco Special Quadranglie was mapped
in a reconnaissance fashion in the summer of 1908 by B, 8. Butler of the
Geological Survey. In the field season of 1908 he undertook the study of the
ore depoeits. The results of his work were published in 1913 in Professional
Paper #80 of the Geological Survey. Butler has summarized quite adeqixately

investigations previous to his study which had to do mainly with specific
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mines in the district and their associated ore deposits. An exception to
this is & thesis presented to the University of Utah in 1908 by Jogeph Jensen
titled "Some Salisnt Features of the Geology of Newhouse, Utsh and Vielnity, ™
Thiz thesis was not available to the author bacauvse the "Inivarsity of Ulah was
unable o locats it

More recently 8. W, Hobba (1845} investigated the scheelits da-
posits in Beaver County, Utah and in his report reviewed the geology of the
San Franciseo District as mapped by Butler, He deseribed in more detail
however, the structure, stratigraphy, and contact metamorphism adjacent

to the scheslite deposits on the Cupric Mines Company claim south of the

&

intrusion in the vielnity of Losber Gulch west of the Washington mins, Lehi
#, Hintze (1340) has examined a fsssil locality first described by Butler in
Barrel Spring Canyon in connection with his study of the Ordovician etrati-

graphy of western Utah and castern Nevada.

Field and Laboratory Investigation

Although a topographic base was svallable, actually phsiographs
taken by Fairchild Aerial Surveys were used for {isld mapping bscause they
had a larger scale and permitted far more accurate location of geological
features, fZach days mapping was inked at night in variocus colors. The
topographic map was very useful in finding localities referred {o in reports,
for the determination of vlevations and for other controls, After conclusion
of the field work, the topographic map was enlarged to the scale of 1 inch

to 2000 feet and the geology was transferred o this map {rom the photographs.




5
Stratigraphic thicknesses were determined graphicsily {rom
scaled linear distances, known slevations, and the measured attitudes of

the bads, Brunion traverses were emnployed to measure the thicknesses

& checked and supple~

in the ilabosratory, {seeil determinations ws

;.m

mentad by Or, Willem H., HZaston of the University of Southern Califoraia,

-

he fossil material is deposited in the Paleontology Museum, Depariment
of Gaology, University of Washingion as Lot No. 26, Plate 2 (Iolder} is
an index to the foesil 2%{33&%&%%. Collzctions of voleanic, igneous, and
contact-metamorphossed rocks were sectioned and studisd for classifica-

5

tion, The {dentifications were checked by Dr. Peter Mizch my thesis

adviser

I arrived in the field in mid-June of 1555 and spent 12 weeks
mapping the area until the carly part of September. Work was done from
a mobile camp which consisled of 2 7 2 8 [loored and walled, lightweight
tent, a folding camp table and chair, and a Coleman Z-burner stove and
tantern.

Duriag tha lattsr part of the summer [ was working in terrain
unsuitable for pitching a tent so my car servad as camp, the site being deter-
mined by how far my car would %rawéi up the fans, I was abls to camp near
a spring for the first two weeks of the summer but thereafier my camps were
dry and I had to bring water from Miliord a distance of 16 miles. Springs

with drinkable water are scarce in this part of Utah, and water is theraiore

of major importance to the geologist living in the Held
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Purposge of Investigation

During the field season of 1954, while employed by the Union
Gil Company of California I had an opportunity to do fleld reconnaissance
in ranges adjacent to the area studisd and to spend a day recomnoitering in
the arca that was later gelected, The San PFrancigec Mountaing of Utah pre-
sented an intercsting structural problem and at the suggestion of Dsctors
Pater Misch and Joha C. Hazzard, the latter a representative of Unisn Oil
Company of California, the area was selected for study.

The reason for the investigation wase to examine the siratigraphy
and structure of that portion of the g@zag{y of the Frisco 3pecial Quadrangle
outlined above, The original work was of a reconnaissance nature and more
detailed work was deemed neceassary to determine whether the stratigraphic
geguence sxposed in the San Francisco Mountains represents g conformable
gection as originally mapped by Butler or whether in reality the section is
not conformable but inciuded a large overthrust bringing slder rocks over
younger, Conclusive svidence was obtained that the upper portioa of the
range caonsists of a {lat thrust sheet which had no root within the range and

is therefore of a magnitude larger than the size of the present range.
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STRATIGRAPHY OF Bu

General Areal and Stratigraphic Eelations

Sedimentary rocks of late pre~-Cambrian, Cambrian, Ordovieian,
and FPennsylvanian age are exposed in the San Franciseo Mountalns and are
compogad of quartzites, shales, limeslones, and dolomites of marine origin.
The carbonate rocks have the greatest stratigraphic thicknsss and arsal
axtent, the quarizites range second, and the shales are minor. Slightly
mores than § square miles of outerop in the range is underlain by Hmestones
and dolomiies. Boughly $ square miles is underlain by quartzites which
sverlie the carbonate rocks and form the crest of the raage from the head
of Copper Gulch {2 the northern boundary of the geslogic map. A composilte
section totals 8550 feet of strata and represents mainly Cambro-Opdovician
rocks, The ! enneyivanian rocks form minor hille and ridges in the south-
ern part of the raage and ars under 1000 fest in thickness,

The range and consequently the sedimentary rocks are separatsed
into a northern and southern part by an ignesus intrusion., The greater por-
tion of the sedimentary rocks are to the north of the infrusion but expoaures
have been preserved to the south in the vicinity of Grampian Hill and Squaw
Springs Pass. The quarizite {o the south is assumed {o represent the same
formation as the larger body of quartzite to the north, only separated by
the intrusion, since both have the same type of lithology and topographic
relation, osecupying the summits of their respective areas. The dolomitic

and calearesous Cambro~-Ordavician gection io the north is thought at ons
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time to havs been continucus with similar rocks to the south before being
disrupted and altersd by the intrusion; however, foseil evidence i substan~
%:iaw thiz point is lacking at Grampian Hill, Cn the contrary Dr., daston is
of the opinion that unidentifiable fragmentary fossil remains from thie area
have a Siluro-~Devonian appearance,

Extrusive rocks of Tertiary age underiis about 2/3 of the area
mapped. The voleanic zequence reats uncsaisrmably on the Paleozoic
sge Maiar‘; rockes and consiste of approximately 4600 feet of interbedded
flows and pyroclagtic rocks ranging from basalts to rhyolites. The voleanie
rocks have been subsequently cut by the intrusive body as well as the sedi-
matary rocks,

Strearm wash, alluvial fan deposits, and lake shore sediments

mantle the lower glopes and basing bordering the San Francisco Mountains.

tigraphic Hevision

The present work has revised the "Cambro{ 7 )-Urdovician
Crampian limestone” and ths "Ordovician-Silurian( ?) Morshouse quartzite™
ae originally mapped by B. 5. Butler in the San Francisco Mountains, In
this raport, the Grampian lHmestone has been divided inte 3 stratigraphic
sequences of differing ages aad the Morehouse gquartzits has been placed at
the basge of the section (ses fig. 8],

To familiarize the reader with the eavlier work, Butler reported

finding only one datable fosell zone in the San Francisco Mountaing, These
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fossils were collected in the Grampian limestone outcropping in Barrel
Spring Canyon on the east side of the range. They were dated as Beckman-
town by Gifty and on the basis of this one find, Butler assigned the Grampian
limestone to the Cambro( 7)-Crdovician and the overlying Morehouse quartzite
to the Crdovician~Silurian{?). .His contention was that sedimentation must
have begun in Cambrian time in order to accumulate the 4000 feet of strata
which are exposed beneath the fossil bearing beds and especially since known
Upper Cambrian rocks in the adjacent Wah Wah Range were similar ian rock

type to the strata beneath the fossil bearing beds in the San Francisco
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Mountains., Butler's premise alss was that the Morshouse quartszite imme-
diately overiles the Lower Ordovician rocks in conformable succession and
%E“zaﬁi it therelore is probably alss Ordovician in age and might extend iato
the Silurisn since in the nearby Ster Mountaine, he found a comparabls
guarizite to be conformably overlain by rocks of Devonian age and no break
wag evident between the rocks of Opdovician and Devonian age.

However, the finding of middie({ 7} and late Cambrian, middle
Ordovician and carly Penngylvanian foseils in the Grampian limestone
necedsitated a corvection in the siratigraphy as mapped by Butler. The
securrence of these fossils has permitied correlation of the snclosing Crdo-
vician rocks with the Pogonip Group and the enclosing Pennsylvanian rocks
with the fly limestone. The Middie{7) and Upper Cambrian sequence was
not differentiated because of the scarcity and pooy preservation of the foasils
in these rocke and the dolomitized character of the rocks,

The Morchouse quartzite has been correlated with the Upper Pro-

Cambrian and Lower Cambrian Prospect Mountain quartzite and designated
ag guch in this report on the basis of its thickness, rock typs, and structur-
al diseordance with the underlying rocks. Therefore, it is placed at the

bass of the columnar section,




Upper Preo-Cambrian and Lower Cambrisn

Progpect Mountain
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bution and Contacis
The Prospect Mountain quartzite of the San Francisco Moutains
spiginally called the Morehouse quertzite by Butler, underlies the crest of

2

the San Pranciscs Mouniains popth of the intrusion and forms the bulk of

the range for a conslderable distance north of the area mapped. From the
east, the range resembles the prow of a ship {see fig, 3) with the whitish-
colored quarisite ¢liffe 4t the base forming the hull 2

bridge. From the west, an impressive sight is the reddish-esiored, iree-

and white banded, ¢liff-forming imesione and dolomite beds that rise from
the valley floor. The base of the quartzite gradually plunges northward
hiding the carbonate rocks from view uniil the quarizite alone forme the
%zaee% of the range. The tilt to the north may be explained in part by doming
when the intrusion was emplaced; however, regional Tertiary deformation

g the length of the range since it exitsnds

may better szplain tilting affectis
for some 60 miles,

The Prospect Mountain quartzite is in thrust coniact with the
underlying shales and carbonate rocks of Middle Ordovician and Middle{?)
and Upper Cambrian age. The base of the quartzite ie largely concealed
by alluviwn on the cast side of the range and alss by voleanic rocke which

are faulied against the quarizite except in Barrel Spring Canyon and a few
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thousand feet north of this canyon where the quarizite is seen to overlie
the Kanosh shale of the Pogonip Group. The guarizite overlies the same
fnrmatio the west {lank of the range from north of the initrusion to the
high sast-west trending ridge northeast of the Indian Cueen mine. High
~angle faulting juxtaposes Cambrian strala against the Ordovielan rocks 8o
that north of this high ridge, the gquarizite is thrust sver Upper Cambrian
dolomite and limesions, The high angle faull between the Cambrian dolomite
and limestons and the Ordovician limestone apparentiy pasges bencath the
thrust plate, concealing the Urdovician strata from view north of the ridge,

Two small klippes of Prospect Mouniain quartzite covering leas
than one-cighth of a square mile remain south of the intrusion northwast
of Grampian HI (see fig. 6). The gquartzite kiippes are quite inconsple-
uous irom a few thousand feet away, resembling the underlying formation
in color and westhering. In part the underlying formation is limestone
which has besn allered to skarn, Although the quartzile sulcrops north and
south of the intrusion are no longer ﬁiméziy connacted, the greal and struce
tural relations of the quarizites indicate a former connection, Laterally
both formations end ai or near the intrusive coniact and both occupy the
suminit of thelr respective arvas and exhibit a discordant relation with the
underlying formations. Unfortunately fosails are poorly preserved in the
girata underliying the quarizite south of the intrusion and dirsct correlation
with the Pogonip Group end Middle{?) and Upper Cambrian seguence north

of the intrusion cannst be made,
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Zrosion has etripped away the formations normally overlying the
Prospect Mountain quartzite in the San Francisco Mountains and also an
undetermined thickness of the quarizite itself has been removed. However,
reconnaissance north of the arsa mapped, in the Cricket Mountains reveals
the presence of the overlying formations. Locally a much younger rhyolitic
tuff-breccia overlies the Progpect Mountain quartzite. These volcanic rocks
are exposed in a small area on top of the quartzite cliff immediately north
of the intrusive contact. The tuff-breccia lies unconformably on a stripped
bedding surface of the guartzite (see fig. 7) and near the base of this thin

volcanic sequence, uniform, thin layering is exposed.

.showing contact between Tertiary rhyolitic tulf-breccia and Prospect

Fig. 7. View, looking south from the top of the c¢liff facing Copper Gulch,
Mountain quartzite,
\
l
|
|
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Lithology and Thickness

A cross-section of the San B‘,z-:ancisco Mountains through Frisco
Peak reveals approximately 3000 feet of Prospect Mountain quartzite, In .
its large arceal extent, the guartzite formation displays a wide range of
colors from snowy white to magenta, textures from very‘ﬁna-grnnad to
conglomeratic, and structures from thin-to thick-bedded and cross-bedded,
However, the typical rock ’tjpe is reddish~pink to magenta, medium-grained,
thin-to thick-bedded quarizite which weathers into maseive outcrops. The
~ texture commonly varies to coarse-grained and pebbly with the included
quartz grains in the granule size range (2 to 4mm). A striking quertzite
pebble conglomerate has white quartz pebbles 1/16 to 1/2 inches in diameter
in a reddinh-purplé. finer-grained, quartz matrix,

Included in the quartzite tormatiqn are finer-grained clastic
rocks occurring as shale and siltstone members, Some of the shale beds
‘ aré remarkable for their regular uminuttmi caused by alternating red and
white bands about & millimeter in thickness. Other siltstone and shale
members are olive green and reddish-purple in color and micaceous and
quartzose in composition, On the east side of the range a 60 fé‘ot shale
me‘mbsr is exposed on top _of the flat ridge south of Saw Mill Canyon above
the Golgien Reef Mine. The shale beds dip northwestward and can be traced
. in a circular sutcrop pattern acrosmthe canyon. Figure 8 shows a view of
th,is' shale member in the above mentioned canyon. At least two shale mé&x-

bers are visible on the west slope above the Kanosh-Prospect Mountain




Fig. 8. View of a shale member in Prospect Mountain quartzite taken

on the north slope of Saw Mill Canyon, Note the lighter-colored blocks
of quarizite talus lying on the shale.

"

*ig. 2, View looking north at cliff in Prospect Mountain quartzite which

faces west oveswdking Copper Guich, The tree-covered slope in the

right center of the photograph may conceal a shale member although the
same lcdge on the profile of the cliff shows no shale bedding.

T
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gontact from the ridge southeast of the Indian Cusen mine. The shals

members are not exposed larther south on elther side of the range but

thoy are suspecizd to be present in this area because of the prominent

ledges in the guarizite ciiifs. The shale is probably hidden by slumping
of the guarisiie on the inner margins of the ledge eroded in the underiying

quertzite. Such a ledge is shown in figare 0,
Juet north of the guartz monzonite intrusion the qam*%zi - ig flnge

. 3

grained, massively bedded and snowy-while in color. The quarizite grad-
ually changes to a piakich hue northward slong the bedding of the lower cliff
on the west side of the range. The same beds maintain this white color on

the cast side of the range to the south slope of Barrel Spring canyon, Fault-

ing has apparently dropped the whitish quartzite cut of sight oa the north

slope since here, the quarizite is wore pinkizh in color., The quarizite
alss becomes mwore pinkish vpward {rom the 1o cliff., The cuplanation

for this unusual whitensse of the Prospect Mountain quertzite may be a
bleaching effect of the igneous intrusion since the eslor change ocecurs with-

in individual beds,

Age and Correlation
Batler originally assigned the thick quarizite {ormation of the
San Francisco Mountaing an Urdovician~Sllurian( ¥} age and established
a new stratigraphic unit caliling this formation the Morchouse quartzite,

However, the writer strongly feels this quarizite formation is a8 correlative




of the Praspect Mountain quarizile and therelore e Upper Pre-Cambrian

to Lower Cambrian in age. The age of the gquartzite formation ig determined
by the lithologie correlation with the Prospect Mounialn quartzite of the
Zureka distvicet {Hagus 1083}, This quartgile lormation, opiginally consid~
sred as entirely lower Cambrian, has been assigned both to the Lower
Cambrian and the highost Pre-Cambrian{ 7} by W heeler {1044) in castern
Kevada and westernmost Utah,  The correlation of the quartzite of the San

Francisco bicuntaing with the Prospect Mouniain guartzite is based on over-

all shmilarity in rock type and on the great thickness, WMovsover, the same

guartzite has been traced to the north into the Cricket Range and there it
was found ©  normally overlain by shale, quarizite and limesiones {ses
below),

At the type locality ab fureks, Nevada, the formation consisis
of approximately 1600 foet of reddish-brown guarizite weathering dark browa
intercalated with some thin layers of arenaceous shales, Besides the type
arsa, the Prospect Mountala quartzite has been describsd from many other
localities in the Great Basin, The Tintic and Brigham quarizites of north-
central Utah are also stratigraphic eguivalents,

Two lecalities where Prospect Mountain quarizite has been pre-

5

viously described, occur within a radius of about 60 miles of the 5an Fran-

cisco Mountains, W er {1948) has measured some 5800 feat of Lower
and Middie Cambeian strals in the adjacent Wah Wah Range, including 1260
fest of Prospect Mounialn quartgile at the base of the section., The well-

known Cambrian ssquence in the House Hange northwest of the San Franelses
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Yountaine flrst described by Gilbort {1875) and later more fully by Walcott

{1308} was visited by the writer in 1854, Approdimately
pect Mountaln quartzite cuterops at the base of the range in the Marjum
Pass arsa. Reconnaissance in the Beaver and Cricket Mountains which

join the San Srancisce Mountains o the north {see index map) shows that
the quartzite cuicrops continuously alonyg the entire length of the range from
the preeent area o the northern end of the Cricket Mountsing where it disg-
Horth of the Black Bock-Garrison

verlie the Prospect Mountain quarizite

are still presseved. The brmations lnclude, in ascending order, the Fioche
shals, the Busby quariziie, and undifferentisted Cambrian limestones,
ven though a considerable width of outeron is expoged in the Crickst

of gtrike {sults has repestzd the section seversal times

a work, other writers have cxpressed opinions

an the age and relationship of the "Morehouss quartzits” of the San Fran~
cisco Mouniaing, bui 2o far ag [ am able to asecepiain from published reler~
ences, only Lehi H. Hintze visited the grea and then just st one locality in
the range. Kirk (1833, p. 38} states:

"Fitting the Frisco section ints the general pattern of the Great

Basin sediments, it is zmgm%zza%%* that the Morchouse guariciie consiets
of other than Mréﬁ feian sedimenis., Further-it iz undoubtadly the ap-

proxzimate squivaleat o f the Bureka quarizite.....”
“he thickaness of the Bureka quarizite is everywhere vory much

less than that of the quarizite in the San Franciscs Mountains, aand glso the
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rock type of the Zureka is very much different. For instance, I have
studied many sulerops of Lureks quartzits in the Ibex Hills area of the
southera Confusion Rangs (sece index map) and the difference in thickness
betwean the two quartsites s quite apparent, The Zureka quartsite in the
ihez Hills area, which here appears to be at itg mazbmum thickness in the

Great Basin, is about 8§70 fest thick (Hintzge, 1949) but it is usually around

lean in thicknesz, 1 have obhserved the Sureks o thin to arsund

50 to 100 feet in thiclkness at the northern ond of the Fish Springs Range some
72 miles north of the Ibhex Hills, Contrasted io this, the quarisite of the Zan
Franciscs Mountaing is more than 3 Hmes the magimum thickness of the
Sureka quartzite. Not only in this area does the guartzite exceed in thick-
neas the Pureka, but alss whorever the Prospect Mountein quartzite is
reported to cecur in the Great Basin, it usually exeseds 1000 feet in thick-
ness, as is illustrated by the two localilies referred to above, and in most
instances the base of the quaritsite is not exposed,

The Eurcha cuariziie is also ay@ ally white, uniformiy fine~
grained, vitreous, massive-bedded, and weathers into spheroidal masses
having a cheracteristic dark brown stain, Un the contrary, the quarizite
in the Zan Frenclsco Mountains is mainly reddish-pink to magenta {except
where it has been spparently bleached white by the quariz mongonite intru-
sion), fins- to coares-grained, loeally conglomeratic, cross~-bedded and
containg siltstone and shals members,

Molan {1943, p. 151) algs writes that:
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",..ths quartziie as described by Butler differs lthologically
from the Pureka at other places in the provinee, and thers are gome
grounds for considering it an overthrust plate of Lower Cambrian
quarizits, ”
Hintze {1549, p. 4 of the same opinion as Nolan from his ezamination
of the Kanosh shale in Barrsl Spring Canyon in vhich he states:
“The Morshouse, a reddish to purplish quartsite, does not re-

semble the typleal Yureks quarizite in Millard County, but is undoubt-
sdly the equivalent of the lower Cambrian Prospect Mountain quartzite,
He goes on to say,

“The Morchouse is thrust on top of the Grampian limesione
which is thought by the writer to be of Cambrian ags,”

cocand, ..,
"These foesilifercus bads {referring to the Kanosh shale in
Barrel cpring Canyon} were found to be isolated on all sides by fault-
ing aﬁé are neither part of the Gramplan limestone nor Morechouse quarte~
ite,
However, as will be discussed below, the Kanosh shale is a part of the
sriginal "Grampian lmestone” sinee it aiss sutcrops sxtensively on the
west flank of the range beneath the thrust sheet and therefore, the "Gramp-
ian limestone” is not entiraly of Cambrlan age as thought by Hintze,
in summary, there le conclusive svidence that the guartzite
series of the San Francisco Mountaing is not of Ordovician-Silurian{?)
age or a corrvelative of the Bursha quartzite, but that it corresponds to
the Upper Pre-Cambrian and Lower Cambrian Proepeel Mountain quartsite.
This evidencs i8: (1) the great thickness »f the {srmation, (2) the distinct-
ness of the rock type, and (3} the presence in the Cricket Hange of conform-
able Cambrian {ormations normally overlying the quarizits in 8 sequence

gimilar to that of the House Rangs,
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Middle (?) and Upper Cambrian

Ldmestone and Dolomite

stribution angd Contacis
The Middie (7} and Upper Cambrian ssquence mapped by Butler
as part of the Cambro(?}-Ordovician Gramplan limestone, forms the
western base of the San Francisco Mountaing from the northern contact
af the igneous intrusion to & few thousand fest north of the arca mapped
where the sequence disappears as the coniact with the overlying Prospect

ase of the range. The upper beds of

Hountain quarizite dips beneath the b
this sequence are in part faulted against Oprdovician strats and in part term-
inated by thrusting which bringe the Vrospect Mountain quartzite over the
younger Cambrian bede north of the high cast-west trending ridge which
lizs northeast of the Indian Cusen mine,

This sedimentary sequence weathers to form maseive, steep
cliffe and in this respect contrasts with the slope~lrming OUrdovician rocks
and even with the resistant Progpect Mountain quariziie wh@a?%, although
prominent quarizite clifis are visible, mwuch of the beds are concealed by
slope wash,

Lithoisgy and Thickness
| The younger Cambrian rocks in the San Pranclacs Mountains are
| quite uniform in composition, consisting alimost entirely of intercalated
Hmestone and dolomite beds, ﬁ»{}%ﬁﬁ%?, these carbonate rocks vary con-

siderably in colop, texture,; and siructurs., Good sxposures of this sequence




a6

which are readily acceszaible are north and northeast of the Indian CQuesn

mine, Here massive Umesione and dolomite eliffe rise from bensath the

floor of Wah Wah Valley and the bedding in the cliff faces arches back into

szposed at the very foot of the

the range from an asymmetrie anticling

cliffs, Ploure 10 shows g view of these beds, A typlesl characteristic of
E-

the formations in this sequence ig their i ~to thick-layersd, light and

dark banded appearanes,

ooking north, mmg the western face of the San Francisco
£dm is Cambrian

dolomite member; €u is Cambrian undifferentiated. Beds in the lower leli-
hand eoraer of the gzmi sgraph are bending over forming the crest of an

anticling,

Fig, 1, View, 1
Mountaing from a point north of the Indlan Queen Mine,
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Limeatone pradominates over dolomite in the slopes and vidges
above the Indian ueen mine but farther north, dolomite beds seem to be
taking the place of the limestone m%m%%m. Lven though the limestone is
movre prevalent, a thick sequence of dolomite served ag a stratigraphic
marker in the field. It is light gray to whitish~gray, thick-bedded, clifi-
forming, light tan weathering and has narrow bands of dark gray dolomite
at the bage and top (see fig. 10}, This dolomile membey gsmwé to be con-
tinuous throughout the higher Cambrian outersps and ig shown on the geos-
logic map as the Cambrian dolomits member. Above and below this marker
bed the gediments are mainly limestons with intercalations of dolomite;
however, & fairly thick serise of dolomite cuterops in the vicinity of the
Indian Cueen mine which is siratigraphicaliy below the marker bed,

The foliowing is a generalized stratigraphic ssction comprising
approximately 3440 feet of Middle {7} and Upper Cambrian sediments re-
corded on a traverse {rom the Indian Cueen mine sastward to the corner
of gections 28, 29, 33, snd 34, T288, RISV, and thence northward to the
eontact with the Prospect Mountain q&ariaii@; Beginning at the bass, ths
suterops alongeide of the road adjacent to the mine dumnp are:

L. Limestone and ghale: gray and greenich banded, thin-bedded;

interbeds of clay shale 1/16 to | inch in thickness,

2. Dolomite: gray, massive-~bedded and crystalline; weathsr-
ing light bluish-gray,

3. Dolomite: white, weathering in spheroidal masses, aad

gray, thin-bedded,
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28

Lidmey dobmite: grayish-white, finely crystalline, thin-

to medium-bedded; slabby and platy weathering.

Limestons: black, gray, and white banded, thin-to medium-

bedded; black beds contain small gray, irregularly slongate

forms,

oy

srganie{ 7)
Dolomite: medium gray, thick-badded; containg oval-zhaped,

bean-sized plaolites and thin layers of white caleite lying

paralliel to the badding planes; approzimately 20 feet thick,
Ldm eatone: medlum gray to dark gray, massive-beddsd and

ciiff-forming; darker beds contain sdd shaped organic (7)
shadows or relics; spproximately 100 fest thick,
Limestone: pure white, very coarsely crygtalline; 16-15
foet thick,

Limey dolomite; grayish-white, thin-bsdded and blocky

weathering; about 5 fest thick,
Limestone: similar to unlf 8; white, coarsely crysialline,

Limestone: medium gray, massive, cliff-forming.

Dolomite; (marker bed) light gray, massive-bedded; cliff-

fsrming and light tan weathering; approximately 300-350
feat thick,

Ldmestons: gray, thin-to medism-bedded; weathers into
bufi-coloped plates,

Dolomite: medium gray, massive-baddaed,




18, Limestone: {outerosps which compsse north-south trending
ridge in vicinity of section corner) gray, thin-tc medium-
bedded, cliff-forming, but in part weathers fo platy talus,
Containg chert nodules near base and glss sdd-shaped algal
{7} forms; slongate tline having rounded tops and indis-
tinet bottoms oriented at right angles to the bedding planes
and having a thickness of from 1to 1 1/2 feet, This same
rock type continues o outersp along the north-south trend-
ing ridge leading to the limestone-quarizite contact, In
places this Hmestone weathers info emall chips and slso
present are thin inderbeds of intraformations! conglomerats,

the ridge sloping from Frisco Pegk where the upper
plate projecis farthest west, the upper limestons beds of

the lower plate are tilled almost to 8 vertical position and

£

the bedding surfaces of the limestone avs stained purplish

from thelr norical gray cok

Age and Correlation

The thick limesione and doiomite sequence of the San Francisce

Mountains is dated as probabie Middle and definits Upper Cambrian on the
basis of fossil remaing collected in thres different localities representing
2 separate stratigraphic horizons, The fragmeniary nature of the fauna
prevenis a more delinile age determination of the sequence but enough is

preserved to know it is certainly Cambrian; the absence at the baase of the




section of the widespread Ploche shale alse indicates that the sequence

£

is younger than the lowest Middle Cambrian.

'\'é.?
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Dr. %’zzimm H. Zaston reports that fauna of lae, 33 cantains

o

ila sp., peimatozoban ossiclsg, and trilobite fragments; loc, 34 con-

ke cranidium, fueoids, and

trilobite debris. The fossils of Ioe, 33 cceur in beds beneath the dolomite
marker and the fossils of locs, 34 and 35 scour in beds which repressnt
the same formation and are exposaed above the marker bed., Although the
same beds which contain the fossils were examined in the traverse along the
ridge east of the Indlan Queen mine, the fossils were either not present,
sbecured or not acsticed by the writer,

The lscations of the {ogsilifersus beds are all north of the Indian
Cueen mine on the west aide of %2@@ San Francisco Mountaing {refer to pl.
iI}. The outcrsp which }%&gwé loe, 33 is about 2700 feet north of the mine
entrance on the %gi?iégﬁ north of the canyon which separates the strata
in which the mine is located from the main body of younger Cambrian
rocks {see geslogic map). The loseils cccur in slope *farmiqg Hmestons
beds just beneath the cliffi-forming dolomite member. The rock containing
the beat preserved fbasils s medium gray, thin-bedded, and weathers into
plates 1/4 to 1/2 inch in thickness, Intercalated with the thin-bedded lime-
stone are beds of limestone 4 to § fest In thickness., These bads form

ledges on the slope and contaln srganic remains consisting mostly of
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trilobite fragments which are packed into layersz 3 to 4 inches thick., No
determinable specimens could be obtained from these beds because of
thelr massivensgs and the fragmental nature of the fossil remaing,

The frasils in loc. 34 were collected lrom limestone beds which
immediately overlie dack gray dolomite {upper dark band of marksr bedl,
The exact Iocation of the fossil bearing beds is about 4000 faet up from the
mouth of a major north-south trending canyon and about 100 feet above the
bottom of this canyon on the west slope. This canyosn heads on the north
gide of the ridge leading westward from Frisco Peak. The fossiliferous
strata ie medium gray, thin-to thick-bedded, reddish-tan and bull weather-
ing limestons. The thin beds weather {o Drm plates and sigbe which have
very irregular crinkly, bumpy or hummocky bedding surfaces,

The fossile in loe. 35 are found in limestone outeropping on the
east glope near the mouth of the above mentioned canyon., Theses limestone
beds immediately o & the dolomite marker bad in which the floor of the
canyon is cul. Fligure Il shows the limestone which contains loe. 35 and
hers on the east siope of the canyon it i3 a cUff-former with the thin inter-
beds geparating the thicker bede containing the fossil fragments. The Ume-
atone beds containing loce, 34 and 35 cannol be traced but it {s quite evident
that they are the same beds because of the similarity in rock type and con~

tained fosails, Purthermore, both series of beds sccur in the same strati-

% d

graphic position, that iz sbove the dolomite marker bed,




Fig. 1l. View, looking northeast, of a limestone member in the younger
Cambrian sequence exposed on the east slope of the prominent north-
south trending canyon cut in the west flank of the range. Tribolite "hash"
is abundant in the bedding surfaces of thin hunimocky plates which erode
from between the thicker beds of limestone. Note how the same beds have
been faulted in a vertical position in the tree-covered slope in the fore-
ground,

An iateresting fossil occurrence which unfortunately is not
datable is present in bluish gray, thin-to thick-bedded, cliff-forming
limestone approximately 150 feet stratigraphically below the beds of
loc, 33. The specimens are similar in appearance to Hyolithes; they
average about 1 inch in length and 1/4 inch in breadth at the open end and

have a flattened aval erogs-section.
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Because the fossils rom the dolomite and Umestone seguence
of the San Francisco Mouniains are meagre and poorly preserved, direct

corrslation ie not possible with the standard Cambrian fossil zones and

=
o

formations described ia the House Range, However, thes probable sccur~-

rence of Creplcephalus in Ine, 35 may indicate an sguivalsnce of the beds

carrying this {ossil with the Vveeks lmestone of the House Hange or the

&

Mendha lmestone of the Pische diswiet, Nevada, since aceordiag to

Wheeler (1948} both carry the Crepicephalus zone, However, the evidence

%,

is none too conclusive, and since parte of the limestone sequence of ths

San Francisco Mountains have been dolomitized hampering a lithologic

correlation with the formations of the Mouse Range, the zeguencs is shown
sn the geologic map ae undiilerentiated Middle (¥) and Upper Cambrian




Cambrian-Urdovician (7] Undifferentiated

Limestone and Dolomite

Bistribution and Contacis

The sequence of sedimentary rocks which underlie about 2
sguare miles of the San Francisco Mountaing south of the quaris monzonits
intrusion deserve geparate discussion because they are not joined to the
Cambrian and Urdovician rocks exposed north of the intrusion., This se-
guence is expossd just north of Utah State Highway 21 where it parallels
the highway irom the area of Squaw Springs westward for about 3 milles
uniil it disappears bensath the alluvium, To the north, this sequence is
bounded by the igneous body and is gulle altered and replaced along the
intrusive contact. 7o the cast, volcanic rocks are faulted againsgt the
tiited strata composing Grampian Hill, Hocks of Pennsyivanian ags are
faulted against the southern slope of Grampian Hill terminating the &
quence in this divection {see fig. i2), Zlsewhere the base is concealed by
alluvium. Locally, this seguence is discordantly overlain by € small
klippes of Vrospect Mouniain quarizite which cap the ridges south of the

Imperial Mins,

Lithology and Thickness
The lower part of this sequence is well-expoged in Grampian
Hill, It consists of approximately 1600 feet of light and dark banded, white
to gray and black, f{inely to coarsely crysisllineg, thin-ts thick-bedded and

iscally crossbedded and cherily dolomite., Almost the entire sovies is




oe, A prominent

55 foot bed of black dolomite outersps near the summit of Grampisn Hill
and can be followed weatward along the clifis rising above the alluvium,

The unit is casily recognizable becausze it contains roundad, slongate,

mite member is well-ozposed in Marble Culch where the canyon cuis the

bedding planes at right angies to the strike. Here, thin, clogely spaced

a7 gre intercalated with the block bede and sxteng

beds of a light gray oo

upwards through 2/3 of the member,

Fig. 13, View of the San Francisco Mountains from the south looking
along the traend of the range. The peak in the foregrsund is Grampian
Hiil," The intermediale peak iz in the quariz monzoniie intrusion which
underties the crest of the range in the dark ridge beneath Frisco Peak in
the background., Pe is Iennsylvanian Zly lHmestoneg; Tv ig Tertiary vol-
canics; Su is Cambrian undifferentiated; Tgm is Tertiary quartz mon-
gonity; and Epm is Cambrian Prospect Mountain quartzits,
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massively bedded dolomite which has about twice the thickness of the
black membsr., The white dolomite is overlain by a dark gray, massively
badded dolomite which hags about the same order or thickness as the white
member, This unit is very congpicuous because the sutcrope contain what

ave are recrystallized fogell fragments. The remains are thin and

sy
o
&

e
«*&

wispy, suggesting gasivopods or %%“éiéhiﬂ%g}@é% in outline, but the material
was too badly altered for identification, Cverlying the last described mem-
ber i3 a thin unii of whitigh {c light gray, thin~-bedded dslomite weathering
into plates and containing rounded chert nodules and thin stringers of chert
lying parallel io the bedding planse. This member also containg sdd-shaped
aigal (V) forme gimilar {5 those descrlbed on the traverses gbove the Indian
Sueen mine {ef. above)., Above this dolomite member, which appears o
be the last unit of the dolomitic seriss, the topsgrachy changes to a amall
plaieau and the next outerops encountered at g higher slevation toward the
intrusive contact consist of a grayish-white, medium-bedded limestons,
The black 538 fool dolomite m@f?i}%z& becomes lighter in color
‘and finally loges its distinetness from the summit of Grampian Hill north-
ward toward the intrusive contact., All the strata in this vicinity are
bieached light gray to while and recrystallized as a rasull of the ignesus

intrusion. [imestons alss takes the place of doil @ along the ridge top

.

toward the intrusive contact. The outcrops around and above the King
Javid mine are composed of Hmestone and dolnmitic Hmestone; however,

the strata on siriks to the south, composing Gramplan Hil proper, are




dolomite, mpos sition along th
strike, cither the dolomlis has irregularly replaced the limestone across
the badding planes or faulting has brought the limestons agalust the dolo-
mite geries of Uramplan FiLL,

Tha beds cutcropplug along the length of the intrusive contact
P 2

2 P

are Hmestones and are stratigraphicaily higher than the uppermost dol

§

™

colemnar section because it is not known how much, i any, of these rocks

5

duplicals the measured Cambrian and Urdovician sections north of the

intrusion.

Age and Correlation

This sedimentary sequence is part of the Grampian lmestone
&8 originally deseribed by Builler, The formation received iis name from
Grampian ‘ﬁiii, and it wae probably the culcrops in thiz vicinity that led
Butler to conciude that all of the Grampian limesione wae unfossiliferaus
except for the sirate he encountered in Barrel Spring Canyosa, Close seru«
tiny of the outerops in this area by the writer has not revealed any iden
tifiable fogaile  {of, abovel. Besides the cccurrence mentioned above,
fossil-like siructures were discovered in a medivm gray, mediuni-bedded,

finely erystaliine dolomite on the asoutheast siope of Grampian Hill, This
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series of beds {s below a thick group of lighi-celored dolomite beds below
the &é’“?;gﬁﬁimﬁ% Biack 58 foot, cherty éﬁéﬁ?iiﬁ?ﬁ’ii@% bed exposed near the
summit of the hill, Theze specimens were submitied to Dr, Willlam H,
EZaston who reported that the age was not detepminable bul the specimens
might be brachispod fragmentis, and he folt that they had a Siluro-Devonian
appearance. Also, float was picksd up on Gramplan Hill which contained
plano-spiraled outlines suggesting gastropods bul nowhere in the entire
sequence was a recognizable fossil discovered.

Since the fossil evidence ig not conclusive, this sequence is
tentatively aszigned (o the Cambrian perlod because of its thickness and

iight and dark banded appearance typical of other Cambrian formations in

the Great Basin, Some of the uppermost beds of this sequence may extend
intos the OUrdovician, as is shown on the geslogic map, sinee Urdovocian
rocks are associated with the Cambrian north of the intrusive body.

This is the slmplest interpretation of the seguence and is
strengithenad by the lact that north of the intrusion the Prospeet Mountain
quartzite is thrust sver Middle (7) and Uppsr Cambrian and Middle OUrdo-
vician rocks and south of the intrusion, remnants of thie thrust sheet are
atiil preserved., Therefore, it is reasonable to assume that since the
upper plate ig similar in rock typs in both localitie ez, the lower plate would

aiss be similar In rock type in both localities, the intsyvening inirusion

being only 2 miles wide,




fﬁ&%@l&i Fogonlp Group

pistribution and Contacis

imentary rocke of known Ordovician age sulerop on both

san Francisces Mountaing, These rocks were originally ia-

flanks of the

%

cluded in the Grampian Hmesic B Lxtensive suposures on the

1
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west slde of the range fovm

o

weathspiong vertical quartzite cliffis. This ssquence extends from the in-

of the range, exposures are

rel Spring Canyon and north-

ward along the base of the range to the tailings of the Gelden Reel Hine,

&

Heither the top nor the bottom of the Pogonip Group is exposed
in the range but correlation of the fauna reveals that the top ie approached,
The upper part of the section is terminaied by a thrust plate of older vocks

on either aide of the range. Paulling and ignecus intrusion have cut of

the base of the sequence on the west side, Allavium covers the base of

the section in Barre!l Spring Canyon, but a major range border faull is

presumed to be present bensath the siluvium,

Lithology and Thickness

crosion of the overlying quarizsite fsrmation has produced large

scrze sglides, which cover much of the slops underisin by the Crdovician
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thrust plane. This thrus zﬁm@ E&a@ wm sﬁraggsm %zzy a :mrma% fauit in
iz lcoking up which causss

some fﬁygimﬁ%ﬁ%g.
gequence, nonetheless the limited lateral sxient of the slides and bedrock
projections through the talus establishes the continuity of the Ordovician
strata. The secticn is primarily one of lmestone which becomes more
clastic in the highest ?wﬁ where interbedded shales and limey silistones
and also minor interbeds of quartzits and calcaressus sandsiones are ex-~
posed,
The maximum sxposed thickness of the Ordovicien sequence is

1440 fect as meoasurad on the slope north of Copper Gulch., The ignevus
intrusion Hmits the lower portion and the massive quariaits ciiff truncaies
the upper part of the section. At the base is grayish-white, thin-bedded,

medium crystalline limestone which westhers into platy  fragmenis.
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Loeally the Hmestons {2 recrystallized to a sparkling white marble but

the texiure decpeases in coarseness away irom the intrusion. For quile

a distance up the slope, the rock type is quite uniform, being charvacter-
ized by & Mlacy" or "reticulate” bedding feature dus to bufl weathering,
thin, undulating, less calear=ous layers 1/8 to 1/4 inches thick which are
gseparated by interbeds of limestone several inches thick, About halfway
up the ridge the slops steepens considerably and here the limestone is fos-
gilifercsus, Most of the cuterops to this point are very smosth and slope
wash iz abundant, The firat culcrops of any sizs are intercalated whitish-

won, mediomebadded limestons and shale bedg, The intrusisn hag lscal-

{N

gre
ly altered the interbeddsd shales and limey silistones to hornfslsic argil-
Hies, Overlying this is & prominent ladge which is visible {rom the old
mine workings far below in Copper Gulch. The strata at this point ere
alternating while and gray bads of thin-bedded, fogsilifercus limestone
and hornfelsic srgiilite. The interbeddsd hornfelsic argillite above and
below this outerop is both derk brown and green in eclor. Above this oul-
erop to the Pogonip-Prospect Mountain contact, the slope is in interbedded
limestone and hornfsisic argillite with slightly aliered greenish, sandy
Hmestons mmediately below the overlying quartziie formatisa. A photo-
micrograph of this rock is shown in pl. &, fig. L

A traverse farthey north on a prominent ridge about a mile

sen Mine reveals that here the lower part of the

southeastl of the Indian &
section is faslted againgt Cambrian rocks, Begloning at the faull, the

Himestons is bulf-colored, weathers into plates and displays the “lacy
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structure described above., The characteristic weathering which leaves
the slightly less calcareous beds standing out parcéptibly in relief is
shown in fig. 14; it is interesting to note the resemblance of this outerop
to the atructure of the contact-metamorphoged limestone in Loeber Gulich
shown in fig, 23, The gection becomes more shaly to the quartzite contact
above a small knob on the ridge produced by the cliff shown in fig. 14,
Gray limestone interbeds in the shale above the cliff weather into buff-
colored, crinkly plates and are composed almost entirely of brachiopod
valves and the ostracode ! eperditia sp. The sequence also has lenges
of brown, fine-grained quartzite and yellowish-brown, well-rounded and
sarted, porous, calcareoug quartz sandstone. Much of the slope underlain
by shale is covered by platy limestone float, but in one locality, just be-
neath the quartzite contact, enough of the shale is exposed to show that the

shale is in part highly contorted, ﬁppar@ntiy the less competent shale beds

yielded gr=xa

& -

Fig. 4. View of tilted eliff-forming limestone member in Kanosh shale
of Pogonip Group,
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Last Flank of the Raage:

The Ordovician sequence in Barre! Spring Canyon is not too
well-exposed because brush and slope wash mask much of the bedrock,
Fesistant beds of lmestone form ledges and are more conspicuous than
the shale in which they are interbedded. The limestone is buff, weathers

into crinkly plates, is thin-bedded and fogsilifercus, Urthis michaelis

Clark is quite abundant in some of the limestons ledges, The shale is

blackish-green, nsacaleareous, unfsssiliforcus and somewhat maseive

in appesrance., A photograph (fig. 15) taken in Barrel fpring Canyon showe
a 3-foot bed of quartsite in the shale, Deformation of the shale has alss
securred in this locality as is shown by the small upright fan {old in fig.
I8, The fsiding here is undoubtedly due to the same cause which deformed
the shale in the Ordovician sequence exposged on the west flank of the range
just balow the thrust,

The bedding planes dip beneath the thrust plate in & northwestly
direction higher in the canyon, but toward the mouth of the canyon there
is a reversal of dip toward the northeast which may be the result of drag
sn the normal range border faull or may be dus to folding associated with
sariier deformation., The thickness of the strata was not determined here
althocugh Hintze (1943} says that éi%fsiz or three hundred feet are exposed with

the bedding planes dipping castward with the siope.




ig. 16, View of Kanosh shale in Barrel Spring Canyon. The hammer
is lying on a shale bed and the massive block to the left has broken away
from the overlying 3-foot quartzite interbed shown near the top of the
photograph.

P i g ‘
Pig., 16, View of small gymmetric fan fold in the Kanoah shale exposed
in Barrel “pring Canyon. The hammer is hanging on a bedding plane by ;

A

the pick end for scale, |



Age and Correlation
Fogsils obtained from this sequence ars of late middle Urdo-

#

vieian age. Two of the 8 {ossil localities (22 and 40) contain gastropods
and brachiopads that are so alterad as to be unidentifiable but dus to their
securrencs in the same seguence they must be considered to be of the

same age,

Urdovicien Fauna

Ime, 18| Lo, 28| Loe, 87| Loc., 28

Brachiopoda

Cpthis michasiis Clark % % % %

Gastropoda
Maclurites 7 ap. ®

Maclurites sp. %

Haphistominag 7 gp. %

Getracnds

Laperpditia ap. *
Macronotella ¥ 8p. =

Popriferg 7

Receptaculites mammiilaris p s X
Waleoit

Triinbite

Protopliomersps 7 sp. %

The anly foseil sceurrenes found on the east flank of the range
was in the strata exposed in Barrel Spring Canyon and the fvseils therain

were designated as ine, 19, The best collsctiing is on the north slope
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neay the canyon mouth., Cutcrops north of the canyon to the Golden Reef
Mine are very sparse due o the abundant guartzite float shed from the
highsr siopes.
A prominent Umestone ledge suleropping on the west flank of the
rangs high on the slope just beneath the vertical cliffs (cf, above) ylelded

the fauna of loo. 286, Hecootaculities mammillaris Waleott was picked up

as float lnwer on the slope below the girata containing the fosseils of Ise,
24; also, rserystallized opganic remains ccecur in the bedrock below this
zone, However, nelther scourrence justified a Iscality designation,

The intrusion hae greatly handicapped the recovery of materiai
from this usually fossilifercus strata. An example of how the intrusion
has affected the fossile has been mentloned in the cases of foesil localities
22 and 40 and it is alss shown by a sectioned sample of slightly altered
lmastone collected near the contact. The hand specimen appearsd un-
fossiliferous; however, a thin gection of the rock {see pl. 18, fig. 2} re-
vealad reerystallized brachiopod 7 valves,

The fossils comprising localities 27 and 28 are found in sirata
on the ridgs southeast of the Indian CQueen Mine, The specimens of loe,
27 sceur in the base of the Hmestone cUff shown in figure 14, The fauna
sf loe, 28 comss from limestone interbeds higher on the ridge in the more
shaly sequence, just bslow the overlylng massively bedded Prospect Mount-

ain quarizits,
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The zhale formation of the Urdovician sequence containing
interbede of fossiliferous Hmestone is eorreiated with the Kanosh shale
of the upper Pogonip Group on the basis of similarity in rock type and
fauna, The I'ogonip limestons has besn studied in detall by Hintge (1951
in sastern Nevada and westarn Utah, He has measured more than 30440

feet of Pogonip in the Ibex Hills area (sze ifﬁfé@% map}); he has recognized

six lithologic unite within the formation and has reised iis status to that

sf a group, creating six new formations: the Houge limestons, the Fillmore
Hmestone, the Wahwah Hemesions, the Juab Umestons, the Kanosh shale,
and the Lehman formation. The type section of the Kanosh shale is less
than 23 miles to the northwest, on the north slope of Fossil Mountain in

the Heckethorn Hille {adiacent to ths Thex Hills) which are the southeramost
tip of the Confusion Range. According (o Hintze (1551} the formation reaches
its maximum thickness of 350 feet at the Thex ssction K in the above locality
and thine pasiward,

The Hanseh shale is the uppermsst Hmit of the Pogonip Group
vieibls on elther side of the S8an Franciseo Mountaing bensath the thrust
sheet. Uniy the Kanosh shale is esposed in Barrs! Spring Canyon but on
the west flank of the ranges about 1200 feet of conformable strata is exposed
beneath the lowermost beds carrying the Kanosh fauna, Due to the lack of
jdentifiable fossils in this strata, exact corralation with the Ibex ares can
not be made, B ie ressonebls to assume, however, that all of these strata

&

beisng in the Pogonip group because there are over 2300 fest of sediments
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comprising the Pogonip Group beneath the Kanosh shale in the Ibex

gection, almost twice the thickness of the atrata in question in the San

G

Fpancises Mouniaing,

5

In the absence of a definable lower boundery of the Kanocsh
shale along the western range front, the apparent restricted vertical dig-

tribution of Receptaculitiez man. ﬁsﬁza is Walcoti therein indicates the

ehale farmation has been truncated. The above mentioned fossil was col-
ed at only one horizon in two different localities in the Kanosh shale.
The strata of loe, 26 containing this particulsr fossil are approxzimately
225 foet siratigraphically bslow the quartzite-shale contact and the strata
5f e, 27 (about 8 mile {0 the northwest from Ise, 26} alss containing the
absve mentioned fogsil are approxzimetely 720 feet below the quarteits-shale
contact. According to Hintze (1951), the faunal aesemblage containing this
fogsil ranges from the base of the Kanosh shale upwards through about 300

feet of strata. Even if the fauna of the two locs. are at the sxtreme opposite

ends of the range of the assemblage, it is still obvicus that a different

thickness of rock is present along the strike of the seguence {rom any
given horizon to the shale-quartzite contact, The observed folding in the
shale at the one locality is not of a degree to balance the difference in the
thickness. Therefore, a southward trucation of the ghale iz indicated bring-

ing lower parts of the sequence o view at the ¢ shale-guartzite contact in that

diveation,




Pennsylvanian Ty 1 tone

Gigtribution and Contacts
Ths youngest sedimentary rocks suterop in a northeast-southwest
trending belt on both sides of Utah State Highway 21 in the vicinity of Squaw
Springs, The outerops are not contlausus across the highway by reason
»f a low saddle covered by alluvium,. Thelr continuily benasath the alluviem
iz indicated by a small inlier gouth of the highway midway between the larg-

er exposurss,
The exposure to the south is sasily viewed from the highway and
forme the low, rolling, light-colored hills the summits of which display
thin beds of steeply dipping, darker-colored, more vesistant sivata. The
exposures to the north bagin only 8 few hundred feet Irom the highway and
include a conspicuous dark brown hogback ridge {bided In a sinucus pattern
near the base of the southern slope of Grampian Hill as shown in fig. 17,
The ridge iz the north Hmb of an anticline g}mﬁag‘ézﬁg to the weet with the
gouthern limb partly removed by erosion, Fresh outerops are seen in the
abandoned railroad culs above the dry wash adjaceut & the highway.
Horth of the highway the top of the section is fauited against
the slder ssdimentary rocks which compoge Grampian Hill {ef, above)
and younger volcanic rocks overlie the southern exiremity of the egposure.
South of the highway the Peansylvanian strata dip beneath the slluvium ex-

capt {or g small widih of voleanie rocks which overlle the strata and are

continusus with the volcanie rocks forming the high hills to the sast,




ig. 17. View, from southeast, of Grampian Hill, The folded beds in
the lower left are Pennsylvanian Ely limestone which are faulted against
the Cambrian strata of Grampian Hill. The low roliing hills in the fore-
ground are volcanic and the Wah Wah Range rises above the Ely limestone
in the distant background,

The contact here appears to be depositional which has been subsequently

deformed.

Lithology and Thickness

The Pennsylvanian sequence is composed primarily of carbonate
rocks, including limestone and a large proportion of secondary dolomite,
However, considerable quantities of clastic sedimentary rocks in the form
of quartzite and chert pebble conglomerate are interbedded with the lime-
stone and dolomite,

A good expoeﬁre of the Fennsylvanian rocks is seen in a cross-
cutting gulch in the low rolling hills south of the highway. Access to the

gulch is by a dirt road which leaves the highway about 30060 feet west of
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Squaw Springs and then ruas parallsl < hills and at the beginning of
the guleh veers in a southeast dirsction,
Hzposed in this gnich iz an asymmetric anticline. From the axis

af the anticline o the northwest, 870 fest of dolomite and chevt pebble con-

glomerats are goen in heds stzeply tilied to the northwast at an average

angle of 85 degrees. The lower part of the section is composed of gray,
medlum-bedded dolomite containing nodular chert. The dolomile continues
for several hundred fest until interrupted by 3 rib-forming beds of chert

o B0

st
£

pebble conglomerate which le within an intsrval of approximately 29
set, These beds are from [ io 4 feet in thickness consisting of rounded

chert pebbles and eobbles up to 2 inches in diameter in a coarss sandstone
mairiz alss composed of chert fragments and form the crast of the highest!

of the hills in the 'ennsylvanian sequence., Cverlying this member i a

foseiliferous, light gray, thin-ts medium-bedded dolomits which weathers
tz derk brown, In places the bedding approaches laminated structure and
contains white chert bands usually masked by staining, Abwe the dolomite
membey last described the conformily of the section s broken by & minoy
thrust plane which has caused local structural digcordance, Evidencs in
the rock of a movement plane is fractursd and brecelated Hmestons and
dolomite, reddigh aoil, calcile veins in the rock, and an aimost 90 degree
change of sirike in the beds acrous the shear gune, Beds overlying this

fault sone are lght gray, thick-bedded, finely crystalline, fosailiferous

st

imestons weathering into masgsive sutersos and containing chert nodules,
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The thickness of this upper member could not be accurately measured and
is not included in the figured section but it is approximately 200 to 300
feet in thickness.

Following the Pennsylvanian cuterops northeastward along their
strike, musive-bedded, dark brown, very well-indurated, quartzite over-
Hes the fossiliferous dolomite beds deseribed above. The quartzite must
thin out to the southwest, since it is absent in the section measured in the
gulch., It is well developed north of the highway where it forms the dark
brown hogback ridge described above that cutcrops along the base of the
southern flank of Grampian Hill. Conformably overlying the quartzite is
gray, medium-to thick-bedded, finely crystalline limestone, some bads
of which are crowded ﬂth erinoid (7) stems. Folding brings up the
quartzite beds agein farther north higher on the slope near the fault con-

tact with the formations comprising Grampian Hill proper,

Age and Correlation
Fossils found in at leait 4 different stratigraphic intervals in
the outerops in the vicinity of Squaw Springs indicate the sequence is
lower Pennsylvanian in a;e. The only exception are certain limestone

beds containing the hora coral Caninophyllum ef. C. ﬁ.lex‘-aaaltumv Easton

& Gutschick, 1983 of probable lower Mississippian age (loc. 24) referred

to balow,

Or, William H, Easton has identified the fossils from this se-

quence which include € locs. is follows:
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Specimens from the above localitiss may be collected within
minutes of leaving the highweay (see pl. 2). Acmss the wide wash from
the old frames buildings at Squaw Spriangs and up the slopes leading to the

dark brown quartziie beds, brachispods contributing to loe, 27 can be seen

&

srotruding from the thick beds of dolomite below the overlying quartzite,

i

Produetids of Ine, 35 ccour in the pame vicinity in gray, medium-to thick-

bedded, finely crystalline limestone overlying the quartzite in a fairly recent

road cut g fow dozen yarde east of 3 mine shaft hesdframe,

South of the highway in the low rolling hills (ef. above), the {ve-
sil zone sccupying the same stratigraphic position as Ise, 20 and collecled
as ize, 90 is much mors continuous along its strike than the former., How-
sver, the strata bearing the fogell gone is sffset by two trangsverse faulls
which shift the suierops of the fossil basring beds from the west side of

the hill io the a8t side of the K1 in a asrtheast direction,

4 of the gulch in which the stratigraphic
thicknesng of the formation was determined, Desilg roprozenting the hori-

zon of e, 30 ocour in two distinet layers separated by 15 to 20 feet of

unfogsilifersus strata, Brachispods are fairly sbundant in from 3 to 10
feet of Ught gray, thin-ts medium~bedded, erystalline dolomite in both

zones and are in & betler state of preservation than those ceollected at the
same horizon north of the highway, This sceurrence ig inciuded in the

of the similarity of fauna in each and the limited thickness

o
&

sgma ot becaugs

i

sf unfogsiliferous strats betwesn the two gones., Moreover, two scparate
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south of the highway betwesn the two larger esposures of Pennsylvanian

atrats,

The Hmestons beds containing the horn corals identified as pro-

o,

surnptions: namely an inverted geetion and g large histus between the Lower
Mississippian and the Lowsr Pemnayivanien beds, #leld evidence does not
appear to support either assumpiion, Furthermesre, the fosails of Ioe, 25
which are dated as probable savly Penneyivanian ccour at about the same
stratigraphic horizon as the supposadly Mississippian fauna. Therefore,
cation of the horn eorals of loe, 24 ae sarly Mississippian
is only teatative, T am fnclined to includs these limestone beds as part of
the Pennsylvenian gequence,

Tha Vemseylvanian sirata ehown on Butlier's geclogic map as

Cambraof ?=-Ordovician Gramplan Hmsstone s correlated with the Bly

b

cagtern Navada and westsrn Utah on the basis of its fossils

but with some reservation bacause of cortain differances in Hthology,

& compared to the

conglomerate bedsa,
The dolomite beds appear to be gecondary in origin and therefore do not

constitute any real differancs,
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The iy iimestons was first described by Lawson (1908} in th
Robingon mining district near Ely, Nevada, but subsequently redelined

and extendsd by Spencer (1217) in the same district, At the type Isecality

o5,

the Zly consists of 2000 ¢ parhaps 25050 feet of gray to bluish, dsnse, thin-
to thick-bedded, massive Hmestons locally containing prominent chert
nodules.

To the writer's knowledge the closest suterops of dated Ely
Hmestons occur in the Confusion Range of westorn Ulsh, a distance of 38
miles northwest of the San Francisco Mountains, Bacon (1948} correlated
the Pennsylvanian formations ian the Confusion Range with the Bird Springs
Hmestone of southeastorn Nevada; however, subssquantly the Stratigraphic
Commitiee of the Bastern Nevada Geological Assoclation supergeded the
Bird Spring limestone with Eiy lmesione.

The Bird Spring limestons according (o Hewett (1931 comprises
2500 feet of gray Hmestone and dolomite bede separated by shaic and sand-
stons, A conglomeratic sandstone at the base of the formation in places
iz made of two or thres lensss of cisgely packed well-rounded chert peb-
biss, whose maximum diameter is 4 inches, The description of the chert
pebble conglomervate greatly resembles that »f the conglomerate member
of the Fennsylvanian sequence in the San Francisco Mountaias.

Strata of Ponnsylvanian age named the Slephant limestone have

been mapped by Butler in the Star Mountains less than 10 miles distant




£
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to the sast, The described lithology® of the Elephant limestone corrssponde
to that &f the Ely mapped by the author, and because of the geographic proz-
imity, both fopmationsz are probably the same,

Cther weli-known formations of Penngylvanian age besides the
Ziy and Bird Spring Hmestones are the Oquirrh formation of weat-and
narth-central Utah, @nd the Calville lmestone of the Grand Canyon area.
The Cquirrh formation (Gilluly, 1632) is a very thick series of interbadded
guartziies and limesiones with the clastics predominating, The Calville
timestone described in the Muddy Mountaing by Longwell {1928} has about
the same oprder of thicknsss as the Cly and Bird Spring limestones and is
primarily a Hmestone ssquoncs with intervals of shale,

From the foregoing Uthologie description of the Pennsylvanisn
sequence in the San Francises Mountains, the formation doss not exactly
fit any of those deseribed but rather I8 8 combination of several, It ap-
pears that the San Francisco Mountaine ig an area where the Couirrh and
Ely are interionguing. The chert pebble conglomorate and quartzite mem-

w

bers are probably extensions of the Oguirrh formation from the northeast
whereas the carbonate members correspond to the normal Ely extending
from the northwest, MNonetheless, the exposed section has a greater

proporiion of nonclastics to clagtics and since the formational name Zly

#*Butier {1518) p. 37, "...the Zlephant lmestone is a heavy-
%}@ﬁﬁg& %i;amﬁ dolomitic and in part rather siliceous {guartzitic 7) lme-
stone,
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limestons has the law of priorily over the Bird Spring lUmestong, the

Pennegylvanian sequence is correlated with the 2y lmestone,




Tartiary Volcanic Sequencs

Intraduetion
Alteration, faulting and poor sxposures of the volcanic rocks have
made it nescessary o group the sequence as one unit on the geologic map. A
stratigraphic succeasion will be deseribad from one good section available
in the district, This succession does not appear to be the sams throughout
the voleanie terrane; however, certain uniis ssem o be more widespread
than others and possible correiations sxist between units exposed slsewhers

and the standard ssquence,

Distribution

Horth of Squaw Springs Pass, the volcanic rocks are tilted to
the east %ﬁfi form low rounded foothills and vidges along the sastern flank
af the San Francisco Mountaine., The highest relief is in the hills just south-
casi of Squaw dpringe. South of the Pass, the elevation of the range qig«
creases and it is entirely underlain by volcanic roecks with the exception
of the exposures of Ily limestone {cf. above), The sastward tilt persiste
in this arca and locally very stee¢p dipe sccur,

In the greater @grt af ihﬁ San Francisco District, the voleanic
rocks ars either faulted against the Paleozoic sedimentary rocks or ape
cut by the intrusion., For this reason, the base of the sequence is rarsly
expoeed; however, it is seen at least in two places, One locality has been
mentioned previously in the discussion of the Proapect Mountain quarizite

{cf. above} but univriunately only a thin series of the voleanie rock remains,
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The other locality is in the area whoere the ly Umestone crops out in
Squaw Springs Pass. Although the contact between the fly and the vol-
canic sequence is not welleexposed, the irregular patlera of the voleanie
foided beds of Zly limestone are obvicualy the ero-

suterops straddling the

sional remuants of an unconformeabls valeanic cover.

Stratigraphic and Petrographic Description

Voleanic Succesegion in Sguew HSprings Pass:
&

he thickaess of the vsleanie succession in the one good area

ot

available for a detailed siratigraphic study is approximately 4800 feat.
Inazmuch as the area appears to be complexly faulied as is seen wherever
a fresh road cut or a prospect pit provides good exposures, the meagsured
thickness may be exaggerated although repetition of the units studied was
not actually cbserved with one poseible exception., A view of some of the
units in this arsa is showg in fig, 18,

Flows of latitic, andgsitic and basaltic composition make up

about 3000 feel of the sequence., The more acidic flows are the highest
units and the basic {lows are next {0 the lowest exposures in the succession,
Gecurping at the base of the succession and between the [lows are tuffs and
glasges of rhyslitic or acidic composition. The tufls are fragmental in
texture and are generally poorer in phenocrysis than the flows.

The stretigraphic succsssion in the volcanie sequence aouth

of Bguaw Springs is as llows:
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Approx, maximum
thickness in fast

Dark gray porphyritic andesiie 3
Light purplish-brawn porphyritic latite )
White rhyslitie vitric and lithic tuff
Brownish-gray rhyolitic crystall tuil
Mottled gray blue and green rhyolitic perlite
Hed rhyolitic vitric tuff

Light purplish-brown horablende leucobasalt
Heddish-brown leucobasalt
Grayish-gresn crysial tuff

* & &

L

-

*

By L0 e O O w3 0D 4

<

oo
»

The individual units are described separately in ascending order

begianing with unit 1 which outcrops 2000 feet 870W of Squaw Springs, The

guccoeding units are sxposed in a southeasterly direction from this point

in a section which extends to the summit of & prominent 7308~foot nob

which is underiain by unit 9,

#ig., 18. View, looking northeast at a voleanic ridge exposed south of the
highway in Squaw Springs Pass. The {lows {unit 3} in the ridge have bean
gtesply tilted to the southeast., The outersp  in the hill in the foreground is

a red twif (unit 4), and the cuterop sesn at the far right of the figure separa-
ted from the steaply tilted flows by a small saddle, is also unit 4. The outer

ring of hillg in the right background are volcanic but those in the far left
are in the guartz mongonite intrusion,




. 63

L. Crayish-green crystal tuff

A erystal tulf over 80U [eet thick is the basal unit of the se-
quence and unconformably overlies the Ely limesione, Cobblseg of gray
imestone are embedded in the tuff and probably represent fragments of
the underlying limestone., This unit weathers {2 a mottled reddish-purple

color and shows a perceptible alignment of the grains., An irresgular type
of fracture pattern characterizes the cuterops. The tuff is moderately in-
durated, but doss not ring to the bisw of the hammer., It has a uniformly
finely granular gppearance due to the sbundance of crystials and crystal
fragments. The upper part of the unit displays a more uniform layering,

In the area of the traverse, alluvium covers much of this green tuff; how-

ever, the contact with the overlying unit is cxposed farther south.

In thin section {pl. 3, fig. 1) the tulf iz seen to have a iragmental
texture and is composged predominantly of angular, broken phenoccrysts and
suhedra of plagioclase and quartg in a gresnish chloritic matrix, Bistits,
hornblends and fragments of voleanic rock are aleo present in lesser amounts.
The plagioclase includes both andesine and labradorite, the An content rang-

ing from An,, 1o Ang,. The plagloclase phenocerysts constitute about 55%

K i
of the rock. The quarte crystals are resorbed in part and make up 10% of
the rock, Poils of bistite are partiglly aliered to magnetite and many are
bent indicating compression., The hornblende iz green. Its alieration pro-

duet, chlorite, has imparited a green color to the matrix of the taff, To-

gether, the mafics and rock fragments constitute about 10% of the unit., The
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remaining 25% iz matriz, This is the smallest amount of matrix obgerved
in any of ths unite of the volcanic succession; generally the matrix makes

up over B0% of the volume of the rocks studisd,

2. Heddish-brown leuccbassgll

%

In the field this member and the overlying unit (3) have the ap-
pearance of typical andesite flowa, Unit 2 is about 1000 feet thick and is
massive with no apparent {low banding, although its weathering produces
fractures which suggest flow structure. The flow is finely and abundantly

u

porphyritic, the phenocrysts being difficult ¢ stinguish from the matrix,
The lower of the two flows (unit 3} is classified as a porphyritic
tholelitic leucobaealt because livine is absent, because the plagioclase is

labradorite, and becauss feldspar greatly predominates over the malies,

Under the microscope (gee pl. 3, fig. 2) about 30% of the rock consists of

L3

lagioclase phenocrysts (Aby,An. ). Augite phenocrysts comprise about
5% of the rock., Phenocrysate of bistite and basalitic hornblende are minor
constituenta. Magnetite may make up as much as 5% of the rock. The

matrix is a dusty divitrified glass which exceeds 50% of the rock volume,

3. _Light-purplish-brown hornblende leucobasalt

The upper flow {unit 3} is differentiated from the underlying fiow
by abundant horablende phenocrysts seen in the hand spscimen. It has

about the same order of thickness as unit 2 but the sulerops show very even

nohes in thickness, The eolor of the

P

flow layers from 1 inch to several
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matrix changes from light purple to gray in the exposures in the hills
sutheast of the ily Hmestone cropping out south of the highway.
Like unit 2, thie flow is also classifisd ag a tholeiitic leucobasalt
end for the same ressons. In thin section (pl. 4, fig. 1} the plagicclase
phenserysts are determined as labradorite very cluse in composition to

be.An, . The plagioclase phenncrysts maks up

41

that of unit 2, namely A %

&

5%
sbout 25% of the volume of the flow. Basaltic hornblends is the dominant
mafic phenocryst constituting about 19% of the volume of the rock., Many
oerystals are oriented as siz-sided basal sections., The few flakes of bio-
tite observed where altered, Augite crystals are more abundant than the
biotite but etill constitute less than 5% of the rock volume. Magnetite is
an accesgory mineral, The meairix is deviirified glass which comprises

about 559 of the {low.

4. EBed rhyolitic vitric tuffl

This member appears to be repeated by faulting although an
apparent oifsetl of the oulcrops may be due to erosion rather than faulting
gince the critical areas are covered which lis in the saddies between the
ridges. This unit is limited in arcal extent along the strike of the suterop
but may reach 200 feet at its maximum thickness. The rock is moderately
indurated, miaroclitic, and contains phenocrysts, The matrix is dense and
dull, resembling unglazed porcelain whersas the previous two units have a

finaly crysialline groundmass. The unit az a whole ig fairly massivs but

fine banding was observed, suggesting that parts of the unit flowed,
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Under the microscope (pl. 4, fig. 2) the vitroclastic structure
ig obacured by subsequent devitrification, but thin dark lines which repre-
sent the collapsed pores of original pumice fragments prove the pyroclas~
tic origin of the unit. Sanidine occurs in large twinned phenocrysts., It
ie the most abundant mineral constituting about 15% of the rock., Quartz
and magnetite each make up less than 8% of the tuff. Many rectangular
cavities in the rock contain a soft, white fibrous mineral which swells in
water and i lost in cutting of the rock, The swelling character of the min-
eral suggests monimarillonite which may have formed from plagioclase
phenocrysts since the cavities, without the white mineral, resemble crys-
tal moulds of feldspar. Certain weli-defined areas, lighter in color than
the rest of the rock, in part lenticular and in part blunted in outline, from
a few millimeters to 3 and 4 centimeters in length, are full of vesicles or
miarolitic cavities, These areas usually are orientated parallel to the
surface of the unit and may range from a crude alignment to a very uni-

form even foliation with an increase in the number of lenticles present,

5. Mottled gray blue and green rhyolitic perlite

The perlite and the next two units have been mapped as separate
members because they are distinctive in the field, bui they are believed to
rvepregent three varieties within a single depositional unit which have been
modified after deposition, Together the three subdivisions (units 5, 6, 7)
have a combined thickness approaching 700 feet, This unit (5) is quite

brittle and crumbly due to its perlitic fracture, Layere'aimnar in rock
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type to the overlying unit are present near the top of the perlite member.
Locally the perlite grades into creamy-pink, dense, hard glass., This
rock is quite similar to the perlite except for the difference in color and
it does not have a perlitic fracture,

In thin section the perlite shows a few scattered phenocrysts
embedded in a glassy matrix (see pl. 8, fig. 1). The rock is judged to be
rhyolitic in composition, assuming that if the matrix had beea able to erys-
tallize, it would have formed crystals similar to the phenocerysts present.
The phanocrystl.obaerved are sodic plagioclase, sanidine, quartz and
bictite. The plagioclase has a composition near the boundary of oligo-

‘clase and andesine, namely about Ab,wAaa o+ Biotite and plagioclase
euhedra are present as discreet erystals, Brecciated plagioclase, quarts

and sanidine crystals are segregated in veinlike aggregates in the matrix.

8. Brownish-gray rhyolitic crystal tuff

This member is quite resistant, massive in outerop, and tends
to form a cliff. The rock is also very siliceous in appearance. Hand speci-
meng are obtained only with some difficulty from the outerops., This unit
is characterized by rounded coneretion-like structures a few inches to sev-
eral feet in diameter which weather from the outcrops. In some instances
lithnphyaae are present in the exposures. Closely spaced {oliation wag ob-~
gerved which may represent actual flowage.

Although this tuif consiste of about 85% of devitrified glass, it

is assumed to have a rhyolitic composition, on the same grounds used in
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case of unit 3, The hardness and strong cohesion of the rock suggests
that the unit lé a welded tuff, although devitrification has destroyed any
evidence of vitroclastic texture. Spherulities have grown in the matrix
(see pl. 5, fig. 2) and fine crystallites radiating from their centers may
be intergrowths of potash feldspar and quartz. Large phenocrysts of sani~
dine compose about 10% of the rock and minor amounts of quartz, biotite

and magnetite are also present.

7. White rhyolitic vitric and lithic tuff

This unit is uniformly massively bedded and weakly resistant
to erosion, The tuff is light in specific weight, porous, somewhat friable,
and contains numerous fragments of darker-colored voicnulc rocks as much
as 10 and 15 mm in diameter,

Broken euhedra of quartz, plagioclase, sanidine and biotite
crystals (see pl, 8, fig. 1) are embedded in a glassy ash matrix which
is in part devitrified. The plagioclase is probably oligoclase~-andesine
gince those few phenocrysts favorably oriented for determination have low
(10°) extinction angles measured from the trace of the 010 plane and since
the optic sign ie negative, The plagioclase is the dominant kind of pheno-
cryst, constituting 7 to 10% of the rock. The quariz, sanidine and biotite
crystals are about equal in amount, and together form about 20% of the
rock. Hornblende is rare. Rock fragments are more abundant than any one

mineral, constituting an estimated 15% of the tuff,
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To summarize, the last three units are varieties of a single
unit; (a) the perlite represents a basal glass phase, (b) the crystal tuff
is a middle welded phase, and {¢) the lithic tuff is an upper poorly conaol-~

{dated pha‘se.

8, Light purplish-brown porphyritic latite

_ Above the white tuff expogures the slope steepens considerably
to the summit of the 7308-foot nob which is the highest point in the volcanic
sequence, Two prominent cliffs occur on the steepened slope. Units 8 and
9 form the cliffs and the intervening slopes and have a combined thickness
of over 1000 feet. These two units are similar in texture but differ in ma-
trix color. Unit & is 8 massive flow with little evidence of flow banding.
it has a conspicuous coarsely porphyritic textﬁre and approaches a por-
phyry in character. Large phenocrysts of feldspar up to 10 mm in length
are responsible for this texture.

in thin section the plagioclase phenocrysis of the specimen are
determined to be oligoclase (AbygAngg) and are joined together in clusters
giving the rock a glomeroporphyritic texture, Several of the plagioclase
crystals are intergrown with sanidine (see¢ pl. 6, fig, 2). Sanidine accounts
for 15% of the rock. The mafic minerals present are biotite, hornblende,
and augite; thelr phenocrysts are less than 1/10 the size of the plagioclase
eryutais. The biotite and hornblende are altered, leaving clusters of mag-
netite, Very large numbers of tiny crystallites and microlites are also

preseht, embedded in a glassy matrix which composes about 50% of the rock,
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8. Dark gray porphyritic andesite

The upper of the two cliffs mentioned above is composed of a

éoarsely porphyritic, massive flow which is much darker-colored than
the underlying unit (8), This member continues to underlie the hill to
its summit,

Like the underlying flow, this unit has a glomeroporphyritic
texture, Zoned plagioclase laths of andesine composition (average
AbsaAn“) are joined in clusters and compoge 25% of the flow, Some of
these phenocrysts also have inclusions, partly concentrated in dusty rims
(see pl. 7, fig. 1) of the euhedra, and partly scattered throughout the
crystals. Augite forms 5% of the rock, Hornblende, biotite and magne-
tite each make up less than 5% of the volume, The matrix is glass which
is crowded with microlites of feldspar that almost abpear to give the rock

a holocrystalline texture.

Sequence South of Frisca:

In the low hills Which lie southeast of the turnoff to the Horn
Silve'r Mine, a few hundred feet east of the highway, the following types
of volcanie rocks were encountered (in ascending order): (1) a red tuff;
{2) a basal glass of the overlying tuff (3); (3) a reddish-brown tuff; and
(4) a basalt flow which caps the hill. This sequence is repeated by fauit-
ing west of the highway where it forms the outcrops south of the Frisco
cemetery. Here the red tuff is more extensive and the intermediate glass

wage not observed. This red tuff is identical in hand specimen and in thin




7%
section to the rock of unit 4 of the type section. The reddish-brown tuff
differs only in having a brownish tinge,

Petrographically, the lower red tuff (1) and the upper reddish-
brown tuff (3) do not differ at all. Therefore, only the rock of the latter
unit (3) is described below. The glaasy layer (2) is described separately,
as is the basait (4). Photomicrographs of the glass and the overlying
reddish-brown tuff (pl. 7, fig. 2 and pl. 8, fig. i) are shown because they
display vitroclastic texture better than does unit 4 of the type section of
which they are thought to be correlative. 'In contrast, the capping basalt
flow has a holocrystalline texture (pl. 8, fig. 2). |

The black vitrophyric obsidian (2) is only several feet thick and

is not always visible beneath the reddish-brown tuff (3). It is considered

to be the lower chilled member of the reddish-brown tuff (3), Light-colored
pea-siged volcanic fragments are embedded in the glass together with

crystal fragments and euhedra of plagioclase, augite, biotite, sanidine and
gquartz, The matrix accounts for 85 to P0% of the rock and only minor
-amaunts of the above mentioned minerais are present, The glase does appear
to be more basic than the overlying tuff member (3) because of the presence
of augite which is not seen in the tuff. The plagioclase also appears to be
more caleic (andegine, Ab&sm‘ﬂ) than the plagioclase in the tuff. As far

as may be judged from the character of these phenocrysts, the composition

of the glass may range from dacitic to andesitic.
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The reddish-brown rhyolitic vitric tuff (3) is about 10 feet thick

where it outerops east of the highway, Here it forms a prominent ledge
which parallels the highway for some distance. West of the highway this
unit thickens and overlies the red tuff (unit 1). Small vesicular lenticles
oriented parallel to the surface of the unit are quite abundant in the tuff.
These lenticles are also present in the underlying red tuff (1) and are dis-
cussed more fully in the description of the red tuff which makes up unit

4 of the standard section,

Sanidine composes approximately 15% of the rock, quartz and
sodic plagioelase each form approximately 5%, and biotite is rare. Frag-
mente of volcanic rocks which contain quartz, plagioclase and biotite
crystals in a glassy matrix, are included in the rock and make up about
10% of the volume, The phenocrysts and fragments are embedded in a
glassy matrix,

The dark greenish-gray sugite basalt flow (unit 4) overlies the

above described tuff and is also repeated west of the highway. The flow
is limited in extent since it neither appears in the volcaanic type section
described south of this area, nor was it observed farther north in the vic-
inity of Friseo, The flow ie very uniformly fine-grained and weathers into
brown slabby fragments, It is estimated to be less than 100 feet in thick-
ness,

The basalt has a trachitic and holocrystalline texture and is
composed of about 76% labradorite, about 20% augite and 5% magnetite,

In thin section the basalt is seen to have a microporphyritic texture.
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They are con~

to ha of flow origin Dor the most part; however, the tilted extrusives

underiying the long ridgs at locality (8} mey be of pyroelastic origin,

Andeging i the dominsnt mineral, ‘Juarts, blotite, horablende,

and magnetite ave pre ! gpecimans collected at thess localitisa,

The bistite and horablende crystals are ysually altered to magnetite and

in aome inetances their original {dentity is havd to determins, Iuhedra

of augite are presont in specimens from two localitiss, Sanidine is present
g 2 pee

=

in specimens from one

i

Incality, Thase extrusive rocks are determined to

&

be andesites baoguss the quartz is minor and the potagh feldspar rars. How-
ever, since usually 65 to 75% of the volume of each specimen is glasa, the

S

rocks may actually be more acidie than andaaite falling in the dacite or

=

auartz latite cate

spacially true of specimens studisgd from

lncality {3} wher2 glass layers in the matrix have devitrified to aiblte,

#

Ooresiation {J%@Xa} tha 4p

¢

cas
The pyroclastic rochs gppear o be more widespread and more

consistent than any one [low, Hed vitrle talis and whits lthic tulls cbsepved
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of this paper; however, field and petrographic giudy indicates that they
can be clagsified as pyrociastic ignimbrites or welded tuffs of nuee ardente
origin, Gilbert (1838, p. 1852) has described the mode of origin of such
rocks in his paper on the Bishop Tull:
“The nuses are {lows of intensely hot, discrete fragmaents of
viscous magma, in which each fragment rapidly and continususly
emits its gases. Ths fragments are thus snveioped and cushionsd by
exiremely dense, hot gas, and the whole has the appearance sf a dense,
rapidly expanding ‘cloud, ' Such a ‘eloud® polla rapidly over evenoa
gentle slope, driven on largely by gravity, its advance made possible
by its exireme mobility due to lack of friction between gas enveloped
particles,
Thai thesge tulfs are ignimbrites iz shown by the textural gra-
dation from glassy to pyroclastic which are geen within these units in the

field, and by the vitroclastic texturesz seen under the microscope.

Age and Correlation

The volcanic sequence is probably late Oligncens in age on the
basis of a corrslation with volecanie rocks of that age in the Iron Springs
District of southwestern Utah less than 50 miles due south of the San Fran-
cisco Uisirict. In the Ircn Springs District Howard W, Jaffe has, on the
basis of zircon dating, dstermined the average age of the extrusive rocks
itz be 22 plus or minus § million years oid.

The volecanic ssquence in the Iron Springs Dlstrict was not visited

by the author but it is believed that some of the welded tuffe of both arcas
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eosuld be the same uniie since they are similar in appesrance and sequence
of deposition {personal communication, J. Hoover Mackin), It is nat im=
probable that a single unit could extend over a distance of 50 miies, hecauss
voicanic rocks of nuee ardeate origin ars known to cover wide areas during
a siagle sutburst.

Regional geologic mﬁmfiy alss supports this correlation, The
voleanic ssquence in the Iron Springs District sverlies the Escene Claron
formation {Leith & Harder, 1208) which is a series of continental sedizents
including conglomerates composed of Paleozoic dolomite, Hmestone and
quarisite cobbles and boulders interbedded with reddish sandsiones and
fresh water algal limestones. The san Prancisco volcanic sequence is like-
wise underlain by conglomerates similar to those found in the Iroa Springs
Sistrict. Although these conglomerates are not exposed in the immediate
area treated by this report because the base of the voleanie ssquence here
ie usually concealed and where it iz exposed, the conglomerate beds are
absent probably becauss of nondeposition, yet these conglomerates were
found immediately north of the present area, They are well exposed in

iis north of the margin of the map aceompanying this report, in the cast-
ern [onthiils of the northern portion of the San Francisco Hountains, Ac-
eopding to Mackin (1854), the voleanic rockes of the Iron Springs Ulstrict
were apread out over essentially flat lying sediments of the Claron forma-
tion which in turn was resting on truncated structures of the older sedimen-

tary sequence. Although the contacta arz not too well-expsssd in the
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northern San Prancises NMouniains, the same conformable relationship
ssems o exist between the underlying conglomerate lormation and the

voleanic ssquence with both uneonformably resting on older rocks,




Caternary Alluvium

Introduction

The Cuaternary alluvivm in the area consists of extensive fan
deposits, streawm and interfluvial wash, lake shore smbankments, and
playa lake sediments. An arm of ancient Lake Bonneville extended into
wah Wah Valley (Gilbert, 1850) and most of the alluvium in the valley is

clearly pre-Llake Bonneville {n age. Oaly in recent times have the shove

lines been dissected by the intermitient streams lssuing from the rangs,

Distribution and Type of Deposits

The Cuaterasry alluvium is present in the zzé%ff;@wﬁ@ bordering
the San Franeisco Mountains and in the gulches and canyons leading inio
the range.

Alluvial Fane and Stream Wash:

Stream and interfluvial wash iz locally present along the castern
flank of the range, and here it merely vencers g voleanic pediment surface;
whereas along the western rangs front, alluvial fans are spread onto the
basin floor and the entive basin is filled by sediments probably o a coa-
siderables ﬁﬁg}éh, Cemented grave!l deposits on the west side of the range
have been uncoverad by recent cutting in Coppsr Gulch (see fig. 19). These
conglomerates, composed of cobbles sroded {rom the rocks underlying the
range {limestone, guarizite, and gquartz monzonite) sverlle a truncated sur-

face of the intrusive body. Since they rest directly on the intrusive body,




&5
they are the oldest alluvium exposed in the area. Undoubtedly older de-

posits exist bencath the lake sedimenis in Wah Wah Valley.

Fig, 5. View taken from road to Cactus Mine in Copper Guleh showing
cemented gravel deposits resting on a truncated surface of the guaris
mzmmm’égz atock, Note thet the cemented gravel is more resistant than
the igneous rock causing an overhas

Laka Shore Gravel mﬁaﬁkmﬁnm,

Current action and the ogcillatory stages of ancient Lake Bonne-

&

ille have left many well preserved shore-line features in Wah Wah Valley.
Successive shore lines ransect the fans built along the west {lank of the
San Francisco Mountains., A large bay bar, spanning the lower level of
the bagin, les northwest of the abandoned town of Newhouse just off ths
northern boundary of the geslogie map. Another bar, less well-developed,
and represeniing a higher lake stage, les south of Utah highway 31, A

geries of V-bar or triangular embankments are spaced along the west flank
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of the Horthern San Francisco Mountains just beyond the northern bound-
ary of the geslogle map., These V-bar embankments have been mapped in
detail by G. K. Gilbert (1890) as a2 part of his study of Lake Bonneville and
are shown in plates 16, 17, and 1§ in Unlted Siates Geological Burvey Mono-
graph i.‘ ’
Playa Lake Sedimenis:

A playe lake bed lies in the central portion of Wah Wah Valley
and in wetter seasons has a shallow stand of water. The whitish alkali

bede of the lake floor have been rivuleted by erosive actisa of sheet floods.




INTRUSBIVE IGNECUE ROCK

Iniroduction

An igneous body of quariz monzonitic compnsition has intruded
the Paleoszsic sedimentary rocks (gee fig. 20) ag well as the sarly Ter-
tiary volcanic rocks, It has caused extensive alleration glong its contacis,

The intrusive ia probably responsible for the ore beaving sclutions which

e

made the San Franeiseo District a gfzm%gﬁ:mz;g mining camp in the late
19th and eawriy Z0th centuries. The ore d eposite of the District have been

fully treated in United States Geslogical B Surv vey Profeassional Paper 80,

&igi;rimzim

The guariz mongonite body lies in the center of the map area
forming an irregular triangular cuterop, the apex of which projecis cast-
ward inte the voleanic rocks and the base of which parallsls the alluvial
kasin t5 the west, This triangle is interrupted by a projection southward
into the sedimentary rocks, Small inliers of intrusive rock, which are con-
sidered to be offshoots of the main body, culerop cutside the main intrusive

body iu the voleanic and sedimentary rocks., A small body has intruded

the voleanie rocks near the sbandoned town of Frisco in some low hills
northwast behind g conspleucus group of bachive kilas,

- Beveral smaller offshosts or dikes sulerog in the carbonatle rocks
in the vicinity of Grampian Hill, Another body wae mapped in the Cambrian

Hmegiones north of the Blackbird Mine,




Fig. 20, View of Quartz Monzonite stock from west, Darker area is
igneous rock intruded into lighter-colored bedded strata. Note slight
doming of the bede north of the intrusive body,

Field Relations and Petrographic Description

Field Appearance

The texture of the quartz monzonite varies from fine-grained and
porphyritic to medium-grained and even-granular. The porphyritic rock,
representing a contact facies, is present along the eastern margin of the
body where the stock has intruded the voleanic rocks, This texture grades
to a uniformly even-granular, medium-grained texture in Copper Gulch,
Along the southern border of the intrusion, the texture is also similarly
non-porphyritic and granular. The two facies af. the quartz mongzonite
weather quite differently, The medium-grained rock is more ecasily bro-

ken down, usually forming rounded outcrops and boulders, whereas the
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fine-grained porphyritic rock {s more resistant, and jointing shapes

the outerops producing sharp angular blocks,

Petrographic Description

A sample of the porphyritic contact facies of the quartz mon-
zonite was collected near the eastern end of the stock where a pipeline,
running from Morehouse Spring to the Horn Silver Mine, crosges the
southern coantact. The hand specimen has an overall graylsh-brawn.color
and is poréhyritic. with medium~grained phenocrysts and a fine-grained
pale pinkish groundmass. Euhedra of feldspar, hornblende and biotite
are readily visible. Some of the feldspar laths reach 5 mm in.length and
the biotite cuhedra 2 mm in diameter. With a hand lens, siriationg are
noted on the feldspar laths. The hornblende is dark green, and the come
bination of the green and pink appears to give the rock the overall brownish

color., )

In thin section {pi. 9, fig., 1) the apecimen is seen to have large
phenocrysts of plagiociase, biotite, uralitic hornblende and augite embedded
in a finely erystaliine allotriomorphic matrix of quariz and potash feldspar,
The plagioclase is andesine (Abg,Any,) and is quite cloudy and partly re-
placed by sericite. The uralitic hornblende is pale green, and some of
its crystals are entirely replaced by magnetite. The biotite is less abundant
than the hornblende, is dark brown, and is aliering to magnetite and a
chloritic mineral. The potash feldspar of the matrix was identified by

staining with cobait nitrate; it is estimated to be slightly more abundant
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than the plagioclase phenoeryste. Together, the fzldepars constituie

af the rock., Cuartz is the next most shundant mineral (25%)

about &
and the mafle minerals makes up ebout 15% of the rock, The mineral ratios
nts the flsld of quartz monzgonite, but are close o the
granitic side,

A& typical specimen of the even~granular quariz monzonite was

soted near the contact north of the new shaft of the Horn Bllver Mine

P

old King David Mine)l, The rock iz uniformly medlum-~grained and light
gray with uniformly scattered black specks., Under the hand lens, striated,
whitish-gray plagioclase ie observed, and interisching pink grains which
are judged to be orthoeclase, The dark minerals visible ure black euhedral
biotite flakes and dark green pyroxens or amphibole %f?éiai%; Duartz is
aot readily identified,

In thin section {pl. 8, fig. 3} the rock is seen to &am & hypidio-
morphic texture. The plagioclase and the mafix minerais ars mém@&h

the orthoclase crystals are subhedral and the guartz grains are anhedral,

b ]

The mineral percentages are satimated to be: plagioclase, 35%; ortho-

8 5o

5 guartz, 16%; biotiie, uralitic hornblende, and augite, 18%;

clase, 31
and accassory magnetite and apatite legs than 5%. The plagicclase is
andegine of & con ition of é—%%:z-» ﬁng? very close to that of the porphy-
ritic faciss, Itz grains arve clouded with alieration products. The ortho-
clase iz alse gquite cloudy with alteration minerals occurring along cleavage

traces. The quariz is interstitial, The hornblende s uralils; it is
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pleochroic with Z equals light green and Y equals light olive green. The
augite is coloriese, has a positive 2V of about 60 degrees, an extinction
of C to Z equals 48°, and a birefringence of . 025, The biotite is brown

and occurs in plates.

Contact Relations

The ignezﬁ;aé body is shown in the geologic cross-sections with
steep érosn-cutﬂnﬁ contacts, Wherever the ccntact‘ is exposed, this ﬁp-
pears to be the pelationship as is attested by fige. 21 and 22. The contact
with the limestone beds is quite distinctive and sharp, whereas the contact
is less well-defined where the quartz monzonite has intruded the volcanic
rocks. The contact between the quirtn mongonite and the volcanic flows
is, in part, dashed on the geologic map because it is difficult to locate
because of hydrother&xnl alteration, poor exposures and a similarity in
texture of the porphyritic facies of the intrusive rock and of the extrusive
rocks. Along the contact from Indian Grave Peak to the easternmost part
of the intmnive body, hydrothermal alteration has greatly affected both
rocks. Here the outcrops are bleached white and in some exposures faint
outiines of phenocrysts are all that has remained visible to even suggest
an igneous rock. The contact was mapped in this area by arbitrarily
plotting a line along the white zones of altered rock. Aloxig the northern
contact of the ustﬁdrd projection of the intrusive body, the porphyritic
variety of the quartz mongonite continues, and the intruded volcanic rocks

have the same texture, Hydrothermal alteration has not been so active in




Fig. 21. View, looking west toward the intrusive contact from the tail-
ings of the Cupric mine, The adits are in the contact zone. Note how
the limestone beds have been turned up by the intrusion. The limestone
has only been recrystallized along this segment of the contact.

Fig. 22. View, looking west toward the intrusive contact near the Imper-

jal Mine, The dashed line indicates the approximate position of the contact,

The limestone has been altered to skarn and note the difference in outerop
appearance between the skarn exposed below the cont act aad the granitic
rock exposed above. In the lower left hand corner of the fig., vertical
banding can be seen in the skarn,




this area but the similarity of texturs couplad with poor exposurss ac~

gounts for the ndelinlie

Heerysts zions and later ignsous dikes

%

wepre noted in the intrusive body, but the latter we

the geslogic map. The Hmestone inclusions are shown on the map as Cam-
brian although thelr age is not quite certain, The larger of the twe Hme-

stone bodies shown on the meap is in the sastera portion of the intrusive

body, and the other st the eastern contact of its southern projection,

Hnde @ff mplacament

Contact metamorphism, sharp contacie, the presenees of g por-

phyritic border facisae, the textures of the intrueive rock, and daformation

&

£

of the wall rocks, all clearly indicate that the quariz mongonile is an
igneous intrusion. The forceful intrusive contact relationship is best dis-

played along the gouthern borvder of the intrusion where the sedimentiary

rocks have been broken and turned up parailel to the contact from their re-

cal banding in

the skarn, which probably re ies, trends para-
ilel to the contact in the same general ares. The sedimontary strata in
Copper Gulch alsc dip away from the intrusion, and the dip angle lessens

with increasing distance from the contact, supgesting domwing by the intru-

i}

asion. However, the smplacement of the stock hae not affected the trends
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gouth of the igneous body any great distance lrom the contact, Figure 21
adiacent to the contact, and the

1t 1o the inteusion, I is trus that

n

the voleanie rocks dip away from the axial portions of the reange but this
¢ould be the reeult of regional tilling not assoelisted with the intrusion,

Theee factiz indieate that ehouldering aside of the wall rocks has only

s main maochanisgm of emplacement either,
o ig Htils evidenes for it. Nov is the targei-like pattern of

isplayed in this region,

it in some other areas, marke

sf the evidence may have been obliteratsd by evosion of ths

gedimentary cover which might have conformed more closely to v%;% shape

f the intrusive body, Probably, an upward displacement of the rocks pre-

viously ocecupying the space now filled by the stock must be considsred as
the main mechanism of intrugion, Such piston~-like action certainly scams

to be suggested by the sharp but local upturning of the wall rocks at the

contact,
Ags of Intrusion
The guarte monzonite stock was probably emplaced in middle

Teptiary times, The stock i clearly Intrusive inls the sedimentary se-
quence, Although the contact with the volcanie rocks iz nst w *ffg sxpoged
and none too well-defined, it is without any doubt also {nirusive into the

valeanic rocks, eas is indicated by structursl relations, mineraligatics and




hydrothermal alieration. The sldest sediments resting on the quariz
mongonite are caliche cemented gravel deposits which are exposed near

ssinwerd where

the mouth of Copper Gulch, These deposite can be traced b
fake Bonnevilie shore lines have %’%@ﬁ buiit on %ﬁ%ﬁé. According to Gil-
bert (1890}, Lake Bonneville was late Pleistocens, Therefore, sincs the
voleanic rocks are the youngest rocke which ars cut by ﬁ’iz intrusion and
the pre-Lake Bonneville gravels are the sldest rocks which overlie the
intrusion, it can only be dated as late to post-Uligocene and as pre-iate
Pleistocene, An sge later than middie Tertiary, however, is considered

improbable,




Introduction

& contact auresis has been produced by the intrusion of the
guaris mongonite stock, aoticeably altering the sedimentary rocks to a
digtance of 2000 fest from the confast. The dominant intruded rock la

limestone, but dolnmites, shales, and limey and dolomitic sandstones

and silistones are interbedded., Generally the sedimentary rockes have
sen lgschemically reorystallized, but replacement has bzen dominent in

ths glteration of cortaln ar=aas,

Dlstpibution :gf the Altered Hock

The sedimentary rocks bound the intrusive stock along parts
of its northern and southern borders. Elsevhere, voleanic rocks and
alluvium border the intrusive body. The recrystaliization of the sedimen-
tary rocks has boen mainly faschemical along the mﬂh@rx& bogder of the
stock with the lormation of finely crystalline Hmestonss io granular mar-
biez, dense hopnfelsic mﬁg& itos, and quarizitic sandstones, Although
siifcate mincrals have beon formed in the carbonate rocks, they are sub-
ordinate in amount and have ast greatly affected the original mineral as~
semblages. Sxionsive replacernent has scourred along the southeran bor-
dor of the que iz mongonite body. In the viclnity of the Prosgpect Mountain
quarteite kilppes, the lmeosgtone has beun replaced by a dark brownish,

garnet-rich skarn. The best exposures of this rock are in Locher Guich




on the slopes above the Imperial and Washingion Mines {see {ig. 23}
Here the lmestone has been almost completely roplaced by silicats min-
erals, Westward along the southern intrusive contact, in the aren of the
Cupric Mine, the skarn abruptly ends and the limestone is merely lgo~

chemieally recrystalliged,

Field and Petrographic Description

Bpecimens of both the isschemically recrystallized and the re-
placed wall rock cutcropping along the northern and scuthern coatacts were
collscted for study., Minerals identifisd in these spechmens are garnst
{grossularite}, tremolite, dispside, spidote, phisgopite, caleite, and
quaris,

A specimen of the skarn rock, clagsified as a garnst-rich lime
silicate hornfels, was cbiained in Locber Gulch near the Washingion Mine,
‘The bedrock i very characteristic {fig. 23); it is banded, and weathers
into masgsive, rounded oulerops, The bands appear to be steeply inclined
and generally trend paraliel to the intrusive contaci, They probably re-
present reliet bedding planes of the origina! limestone,

Under the microscope the lime-silicate hornfels specimen is
seen to have an idioblastic texiure caused by the growth of the grossularits,
Under crossed nicols, anomalous birefringence shows well-developed gon-
iﬁ& in the garnet {see pl, 16, fig. 1. The garnet iz the dominant mineral,
composging 850% of the rock, Diopside is the nexi most abundant mineral

forming about 15% of the rock. Caleite and quarie are usually associatsd,
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filling together irregular spaces between the garnet. Caleite is more
abundant than quartz, but both are minor, making up the remaining 5%

af the rock,

ol

Fig. 23. View of dark brown, banded lime silicate hornfels exposed in
Losber Guleh. The scale is indicated by hammer lying on outerop.

A sample of a very fine-grained, lime gilicate bearing quartzitic
sandstone wae obtained from beds intercalated with altered siltstones,
shales, and limestones of the Pogonip Group, The specima;a wasg collected
from a prominent outerop high on the south slope of Copper Gulch just be-~
low the foot of the eliifs of Prospect Mountain quartzite. The fresh hand
specimen is yellowigh-green and fractures reveal tiny vitreous quaris

grains, The weathered surface is brownish gray-green, dull and dense

appearing,.
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Under the microscope {pl. 10, fg. 2} the clastic texture of the
gpecimen i3 gpparent. The sandy nature of the rock is not readily ssen

on a weatheved surface {(¢f. above), Rounded quartz grains make up most

of the rock (B0-90%} and have recrystallized into a mosaie pattern where
they are closaly packed, Newly fvrmed minerals ars minor, but epidote,
diopaside, garnet, and calcite are present. Epidote is the most abundant,
seceurring betwesn the quaris grains. It iz largely responsible for the
sllowish-green color of the specimen. Replaced outlines of miers

srganiems can be seon in the thin section,

A slightly al d preenish, sandy limesione was collected fyom
a sandy member in the Kanosh shale suleropping north of Copper Guleh im-
mediately below the Prospsct Mountain guarigite. Hounded quarie grains
are casily visible and are embedded in g Yght, gray-gresn irregularly
banded fine-grained matriz,

In thin geetion (pi. 1, fig. 1} the mairix of the speclhmen is seen

to consisgt of matted, directionlsss aggregates of Tibrous tremolite erystals.

The gquartz grains make up sbout 20% of the vock, the remainder being
tremolits, The quaris graing are rudely segregated into bands which may
represent original bedding, Tremolite has completely roplaced some of
the guartz grains but the rounded sutline of the original quartz grains is
visible in plain lghi. Although most of the gralns are partially replaced,
gome are unaltered., The Demation of the tremalite indicates that the

B

original rock was probably a sandy dolsmitie Hmesione,
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A slightly altered limestone was collected from Pogonip outcerops
along the northern border of the quartz monzonite intrusive within several
hundred feet of the contact just below the crest of the range. The Mmestone
outerops at this locality are characterized by thin {(several millimeters)
closely spaced shear planes which parallel the bedding planes. Only in
the closely spaced shear planes is the limestone crystalline, The shear
planes may indirectly indicate the nearness of the thrust contact between
the Prospeet Mountain quartzite and the Pogonip limestone although, by
reason of the intrusion and erosion, the quartﬁte formation has been re~
moved above the limestone at this locality.

In thin section (pl. 11, fig. 2) phlogopite flakes have formed in
- shear planes seen in the hand specimen. The remainder of the rock is cal-
cite. Evidently argillaceous impurities have been responsible for the

formation of the phlogopite.

Origin of Skarn

Lime silicate formation in contact metamorphosed carbonate
rocke is known to occur either as a result of metasomatic addition of ma-
terial from the emplacing magma or without addition, if the invaded car-
bonate rocks contain impurities, such as silica and clay mlneéals.

In the present area the contact metamorphosed rocks, although
generally recrystallized, are metagsomatically replaced only in few arcas
along the intrusive contact., An exainpla of isochemical ime~silicate forma-~

tion is the slightly altered silty and shaly limestones and dolomites of the




Pogonip Uroup in the arsa of Uop per Guich., Where skarn type roplace~
ment occurs, it shows e highly irvsgular pattern which rules cut the pos-
sibility of lmpurities alone aceouniing for the alteration, Howevsr, ths
reason for the localization of the metazomaiic contact replacement is aot
clear, Butiep (1213, p. 20} concludes:

Y. ...the intrusion of the guariz mongonite caused a recrystal-
lization of the iimestone through the whols exient of the contact and
doubtless some material was glven off from the magma and added o
the Umestone all along the contact, The great extent of mineralization
at certain poinls, however, suggesis that the solutions given off by the
erysiallizing magma were collectad into channels and satered the lime~
stone at these points rather than unifsrmly along the entire conisct zons,

The pre-intrusive structures of the country rock may be associated with
ths local favasion by replacing sslutions, since the banding in the sharn
parallels the contact for some distance from the border of the stock,

whereas the isochemically recrystallized rocks strike into the intrusive

body, except for local upturniag at the contaet,










Cenesral %ﬁammﬁﬁ%

Thes Zan Francigco Mountaing are part of a fault block range
which has besn uplifted relative to the bordering intermontans basins,
Moreover, the San Francisco Mountains have undergone strong orogeny
prior to the tectonism resulting in thelr present E“%ﬁéf. These eplgodes
of diastrophism, charasterized by bedrock structures and physiography
respectively, can be separated iéie;} thoge siructurss develpped during
pre-Teptiary orogeny, and those structures that ave clearly younger,
cutting acromthe earlisr siructures. The structural features produced
during Cenozoic tectoniem can be further subdivided into sarly-middle
Tertiary structures and late Tertiary-early Quaternary basin and range
structures.

A review of Great Basin structure follows, emphasizing the
role of the earlier, geosynclinal-type deformation exposed within basin-

ranges several hundred miles from the Sen Francisco Mountains.

Regilonal Struciure

Generally two major periods of tectonism, characterized by
the below described orogenic structures, are widely recognized in the
Great Basin, One period s commonly referred to as the Laramide, un-
restricted, although much of it is probably pre- Laramids Mesogoic oro-

geny. The other period of tectonism is referred to as the time of basin




138
and range deformation which is gonerally considered to have begun in

Uligocene time and which has been mors or less continuous to the pre-

The Province is characterized by intenssly folded and thrust
faulted structures which at & later date have been cut and displaced by
high angle faulling and warped by gentle folding, Prior to the srogenic
disturbances, broad spelrogenic uplifie, interrupting FPaleogoic and
%@i%%ém geosgynclingl sadimentation, have resulied in regional uncon-
formities and have been an bmporiant process in the structural history
of the Provinee (olan, 1043}, Of course, every part of the Provinee has
not been subjected to squally intense osrogeny nor hag the orogesay bes
simultaneous esverywhere,

In the westera Grest B

iesoeoic orogeny has also
been important., One sxample is the Roberts Mountains {a north-central
Mevade where intense folding and overthrusting of a largs magnitude were
firat diseovered by Andsrson and Merriam (1842} and are now lmowtoc have
begun shout latest Missiesipplan tiras {personal communication P, Misch).
This area was again subjected to intense Mesozole orageny.

Complexly {aided and overthrust structures have been reported
from numerocus basin-ranges within a radius of several hundred miles of
the 8an Francisco Mountains. Some of these ranges le along the eastern

aat Basin and inelude: the szouthern Wadaich Mouniaing near

border of the Gr

Provo {Baker ot al, 1949}, Mt. Nebo near Nephi (Zardly, 1634, authors ref.,
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Hardley, 1951}, the Canyon Range northwest of Scipio (Christiansen, 1852),
and the Pavant Hange east of Fillmore (Maxay, 1946}, Cther loecalities in
which such structures have besn reported are the Confusion {Utah Cuids
Book, 1981) and the Deep COreck Banges (Holan, 1935) Incated in westorn
Ttah, and the Snake Range {(Hazzard and Misch, ot al, 1953) and Schsll
Creeh Mountains (Misch and Haston, 1954} both lncated in sasteramost
Nevada. Most of these ranges are characterized by largs seals over-
thrusting »f pre-Tertiary age. Unly the CUonfusion Range is devoid of ma-~
jor thrusiing; however, the strata underiying the range arce folded and in
part overturned, Within this wide deformed helt lieg the tilled fault hisck
of the Bouse Rangs, which shows surprisingly little internal disturbance.
It lies just sast of the Confusion Range across an alluvial basin called either
White or Tools Valley, The exposed portions of the House Range suggest
that this i2 a unit that escapad sarlier intense orogeny iypified by folding

and overthrusting.

Pre~Tertiary Siructure

Intraauction
During Laramide or pre-lLaramids orogeny, the geosynclinal
strata underlying the San Francisco Mountains were faulied and folded
prior to large scale overthrusting, The basal sedimentary rocks of the
knswn geologic column, apparently sheared off from the erystalline base-

ment, were thrusgt over deformed younger Paleozoic rocks.




Butler in United States Geological Survey Profsssional Paper 80
discusged only the Tertiary structurse present in the San Francisco Mount-
ains, He failed to recognize a large scale pre~-Tertlary overthrust in the

range, but mapped the whole as g conformable sequence, However, it is
aasgy to understand how such a structure would go wnnoticed because ac-
copding to Nolan (1953, p. 174), it was not until 1960 that thrusting was re-
cognized in the Great Basin and it remained until 1510 before the structural
importance of thrusting was realiz . J in the provinece, ssveral ysars after

Butlar had completed hig fisld work.

sids and Faulls

The beds of the Ely limestone are anticlinally and synclinally
faided and {gulted againet older Paleoszoic rocks {refer back to fig. 7).
Since the Tertiary voleanic sequence rests unconformably on these folds,
the age of the folding i= carlier than the deposition of the voleanic rocks,
Thig in itsell does not prove that the folding ie older than the thrusting;
however, folding is not present io the upper thrust plate nor has the thrust
plane been foided, which one would expect had the period of folding been
later than ths thrusting., Therefore, indications are that the Ely lmestons
wasa folded before sverthrusting, |

Two trensverse faulte cut the folded Ely limestone bede which
are expoged south of the highway., A low angle reverse fault of minor dis~

placement, referred {0 previously, was also discovered in this area. Dis-

placement of the rock on either side of the transverse fault planes has no
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reficetion in the present {opography of the hille, These two fauils are
shown as strike slip faulis although svidence for a dominant horizontal

component was not very conclugive, At one lueality along the more novth-

erly of the two faults, fragments of a chert pabble conglomerate bed wer

sheared out between the displaced ende of a single bad {ndicating horizon-
tal digplacement, The faulis do not pass into the volcanie rocks snd there-

fore are older than the voleanic rock

L

but youngey than the folding of the
Zly Umestone, The reverss fault appears to be older than the transverss
faulte and may be slightly later than the folding of the Ely lHmestone,

The fault separating the Fly limestone from the Cambrian dolo-
mites and limesionss undeprlying Gramplan Hill proper trends north of cast
for several thousand feot in the badrock, To the zouthwest, alluvium covers
the badrock concealing the fanli and to the northesst, the faull is terminated
by a younger north-gouth trending fault., Several prospect pits have bsen
excavated in the brecciated faull one, Thers ie no direct evidence that
the Zly beds were faulted against the Cambrian beds underlying Grampian
Hill prior to the time of thrusting, All that can be eaid is that the faulting
took place before the range border faulting which hae droppsd volecanie rocks
across this fanit, However, if the faulting is post-thrusting, it would mean
that the @iy bads had been displaced from a position in the upper thruast
plate, Thersaiore, the digplacement along this fault would be approximaiely
40, 000 fest, which is quite unliksly, A more reasgonable solution is that
folding end faulting precedsd the overthrusting it would then be unnecessary

to assume a displacement of such magnitude along the fault,




Cther evidence confivens that a perind of faulting preceded the

¢ henoath

averthrusting, This iz 2 high angle fault which apparently pas
the upper plate whars the rocks of the upper plate underle the ridge lead~
ing from Frigeo Peak, This fault aan be easlly followed in the bedrock of

g dropoed Crdovician rocks againgt Cambrian

rocks which neeur on the weset and continue to the range front north of the
intrugion, up charply along the fault

&

4 a breecia gone three to five fost wide hae been formed. In one loeality,
the bads sdjacent to the breceia zone have erodsd lsaving ths brecela stand-
ing iike a wall, The sirike of the faull trends a few degrees west of north
foy some distance, then it apparently veers in a more wasterly divection
beyond the ridge southeast of the Indian CQueesn Mine, The dip of the fauld
where it can be determined is near vertical, > bregoia gone can be [ol-
lawad southward until it butls into the quarlz monzonite intrusive bady,

On the north slope of the v égg% southeast of the Indian Cuesn Mins, numer-
sug prospect pits have been dug in the feull zone. However, the faull is
from a point in the botlow ~f the canyon below this ridge up to
the base of the thrust cheet of Prospecet Mountain quarizite {see fig, 24},
The only bedrack evidencs that the fault continues is thet in one part of

the slope beneath the thrust contact the dip of the bede locally inerease

o

froro an average of 25 degrees to 65 degrees, Novth of the high ridge shown
in fig. 24, the rocks exposed on the wast side below the overthrust plate are
Cambrian. Therafors, if the fault continues, it is concealed by the thrust

shest of Prospect Mountain quartzite,
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Fig., 24. View, looking north, from ridge southeast of Indian Queen Mine,
Dashed, near horigontal, line is approximate emergence of thrust plane,
Dasghed vertical line is approximate fault contact between Ordovician Pogonip
and Middle {¥) and Upper Cambrian limesiones, The fauit spparently passes
beneath the upper thrust plate,

On the map, this fault is shown to diverge beneath the thrust
plate and one branch to emerge on the porth and to continue along the bot-
tom of a deep north-south trending canyon. It ia shown to splii again and
pass through 'a divide into a parallel canyon east of the one just mentioned.
There is an apparent displacement of the same beds outcropping on aither
side of the east canyon, the east side being up and west side being down,
although, because of talus cover, the beds cannot be directly traced where
they cross the canyon. The actual fault plane i not visible either, being
concealed beneath the canyon floor., However, the canyon is aligned with
the fault south of the high ridge leading from Frisco Peak, and the canyon

iz probably the result of erosion along a shear zone. Evidence of the



in the deinmite and lmestone oul-

: upper thrust plate and {n the saddls

sstern canyon {rom the eastern one. However, agein the

geparating the

fault iz a0t visible, baing eoncasled boeneath the flooe of the western canyon,

San Francigeo Mountain Thrust

The large overthrust in the area will bs called the San Fran-
cisco Mountain thrust, The upper plate is pre-Cambrian and Lower Cam-
brisn Prospect Mountain quarizite which has been thrust over a carbonate
ssotion of Cambrian, Crdovician and Pennsylvanian age, North of the
quartz mongonite intrusion, the upper plate underlies the crest of the gmg%
and here forme the bulk of the San Prancisco Mountaing {see frontispieca).
Two small kiippes He gouth of the intrusion as isolated erosive remnants
of the thrust shest, Projected attitudes messured on either side of the
range indicats that the thrust plane has been slightly warped in a very gentle
syneline. The places where the thrust plane smerges at the fanks of the
range, have been described above when the contacts of the Prospect Mount-
ain quarizite wers discussed {sse p. 18} Tou reiterate then, the thrust plans
iz best exposed whers it smerges along the west flaak of the renge. The

actual plane of thrusting is not often exposed but it can be placsd with cep-

*3%

tainty within very narvow limits becauss of the difference in lthologios be-

tgite of the upper plate end the lmestone and shales of the

is

iswer plate, In many loealities along the thrust contact, a topographic break




necurs on the slaope bscause of a difference in resistance to erosion of the
rocks of both plates, Thie i well-illustrated in the view from Copper
Cich shown in fig, 18,

Alongs the ssuthern emevgenes of the thrust plane above Copper
Ginleh thers is uo apparent deformation of the rocks in the overlying and

Proceis, ssuge, op myvlonite gones arve lacking in this
= ?’ ¢ 4

area, bul truncation of the alvata in the lower plate attesis to the presenge

of the thrust, Tie. 25 shows 2 view of the structural discopdance in the

angle of dip betwean the beds in the upper plate and those in the lower

plate, Moreover truncation of the underlying beds was observed ona

Pig, 25, View, s.%‘}ﬁiﬁ? m?ih along the west siope of the San "’?ami,ﬁm
Mountains showing emergence of thrust plans. Note the difference in angle
of dip batwaen the %mé% of the Progpect Mountain guartzite of the upper
plate and the beds of the Pogoaip-Eanosh shale of the lower plate. The ap-
parent displassment of the gquartzite cliff in the foreground is due to fore-
gh«ﬁ‘riéﬁ% and a slight tilting of the beds, The dark cliff in center of right
rmargin of the fig. is in Tertisry voleanic rocks faulted against the Progpon
Mouniain guartzite
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smaller scale in the same area. This slighl truncation was seen in a
digtance of about 20 fest in a divection parallel to the cliff face. The net
yvééwii is that successively slder bede come up against the thrust plane in

g8 eouthward divection,

Fig, 26, View of actual thrust plane, uncovered by prospect pit, showing
gouge zone (hammer) between Prospect Mountain quarizite of the upper
plate and Hmestons membars of the Pogonip-Kanosh shale of the lower
piate,

Several thousand fest north of the arca shown in fig, 25, a pros~
paot pit has been excavaled in the shear zone, The workings have uncovered

a gouge zone several fest thick between the Prospect Mountain quarizite and

the limestons beds of the Kanosh shale, The sheay zone sirikes NE0W and
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dips 20 degrees to the NE., The dip of the shear 2zone is greater than the

dip of the underlying limestons beds. This shear zone is ghown in fig, 28,
A fsw dogen yards from this pit, slightly higher on the siope, the quartsits
of the upper plate shows signs of internal movement. The massively bedded

quartzite has been granulated and gh%&r@é out along definlte movement

planes. A view of this rock is shown in fig. 27,

fig, 27, View of granulated Prospect Mouniain quartaite, The rock o
the butt of the hammer is merely fractured but above this ig a zone of gran-
ulated quarizite over a ot in thickness,

From the above meniionad mi&éa@ northward, the guartzite im-
mediately above the thrust zone is highly fractured and in part brecciated
but it still retains some of iis bedding (see figa, 26 and 29). Figure 30
shows a distaatl view of the west flank of the range and the emergsnes of

the thrust plane, This view also pinpoints the location of the outcrops shown

in the last two figs. as immediately above the thrust plane,




Fig. 28, View of highly fractured and in part brecciated Prospect Mount~
ain quartzite exposed just above thrust plane which emerges along west
flank of the San Francieco Mountaing., Pine tree in right margin of fig.

is about 20 feet high.

Fig. 20. This view taken several dozen yards from outcrop shown in fig,
28. Here the original bedding planes are seen although fractures across
the bedding planes have separated parts of the same bed into segments,



11%
The thrusting in the S8an Francisco Mountains can locally be

dated no more accurately than as post-Pennsylvanian and pre-Oligocene

in iga:‘a since the £ly limeatone is the youngest formatmh participating in
the thrusting and the voleanic rocks are the oldest units lying unconform-
ably on the Paleozoic sequence., Just north of the immediate area, con-
glomerates are the oldest rocks unconformably overlying the pre-Tertiary
structures., However, they are probably not much oider than the overly-
ing voleanic rocks. The time of thrusting can be narrowed considerably

if evidence from adjacent ranges is used, assuming, of course, that the

thrusting occurred more or less at the same time in this, the eastern part

Mg, 30, This view locates the outerops shown in the previous two figs.
{28 and 20). Note their position (circle) immediately above approximate
emergence of thrust plane. View looking north,
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of the Great Basin, Christiansen {1252} has postulated that thrusting in
the Canyon Range began in late Jurassic {7) time and culminated in early
Cretacesus time, Here, Upper pre-Cambrian (7] rocks have been thrust
over Lower Paleozole rocks, The tiz;a;z@r plate consiste of a thick series
(7955 feet) of alternating red to Hght olive-green shales and magsive red
to pale purplish guartzites and conglomerates. Light gray limesione beds
secur in the lower part of the thrust sheet, Formations in the lower plate
are the Iswer Cambrian Tintic quarizite (1500 fset), the Middie Cambrian
Cphir formation {375 {eet), and iﬁp?;szfar Cambrian and Ordovician {7} undif-
farentiatad limestones and dolomites {4750 feet). The thrust plane has
been subsequently folded into a eyneline and it emerges at a high angle of
dip on both the east and west sides of the range which makes the thrust
shest a huge eynclinal klippe with no root in the range. Christiansen's
deseription shows that the structures and stratigraphy exposed in the Canyon
Range iz very similar to that of the San Francisco Mountains., The only
difference is that Lower émhﬁan rocks are sxpoes d in the lower plate in
the Canyon Range. The Tintic quartzite is a correlative of the Prospect
Mountain quartzite and the Upper pre-Cambrian rocks in éh@ Canyon Range
agree in rock type with those identified as Upper pro~Cambrian and Lower
Cambrian Prospect Mountain quartzite in the Sen Francisco Mountains, In
short, even though Christianzen distinguishes between the quartzites exposed
in the upper and lower plates, they ave prsbably, ia part, the same {ormation

repeated by overthrusting, The over~thrust sheet hag merely exposged
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lower members of the Tintic or Prospect Mountain guartzite., It iz oot
improbable then that the thrust sheets in both greas ave the same sines
the formations lnvelved are most certainly the same, and sincs neither

thrust has 4 root within the renge, Christiansen alse finds evidence sl a

versent lHkewise involving theust-
ing which sccurred in post-Indlancis time {lstest Cretacsous to sarly Fal-

iy

eocsne} which B

spdiey (1981) would corvelate with the thrusting in ths

southern Wagatch Mountains and at Mi, Nebo. In the Pavant Hange, Maxzey
{1846} has dated the thrusting as post Jurassic and pre-Wasatch {Eccens-7,
author's note), There is no way of telling if Laramide srogeny has af-
fected the Ban Francisco Mountaing; however, it is belleved that the main
movement ig late Mesozole and pre-Laramide in age, being corrslalive with
the sariisr thrusting in the Canyon Range. The thrusiing is certainly post-
Triassic since marine sediments of that age which are exposed in the near-
by Star Mountlains have participated in the pre-Tertiary strong srogeny,

The direction in which the upper plate moved and its amount of

e

digplacement are questions which cennot be answered from the study of the
San Franeciseo Mountains alons, The thrust sheets have moved to the east
in the Schell Creek Mountains (Misch and faston, 1954) and the Snake
Range {Hazzard and Misch, ot al, 1953) northwest of the present area; as
well as in Mi. Nebo {(Bardloy, 1934, ' author's ref., Lurdiey, 1551} and the
gouthern Wasaich Mountains {(Baker ot al, 1942) northeast of the present

arza. Therefors, the direction of movement i8 probably the same in this
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area. Its displacement iz groater than the width of the range and is moat

likely of great magnitude since no gign of a root the San Francizeo

Mountain thrust is known to be present in the Weh Wah Mountains or the

House Range. I the thrust sheeis are the same in both thig area and the

o

~e

Canyon Range, then ths displacement has been at lzast 40: miles.

Since the thrusting in the rangs is the most bnportant coniprie

bution in this theeis, I would like 4o sumroarize the stratigraphic and atrue-
tural evidenves for the 3an Peanciscs Mouniain thrust,

Stratigraphic evidence:
&

{1} Conclusive

evidence that the quarizite formation ia Proapest
Mountain guartzite and therefore clder than the uaderiying
formations
{a) Only in the late pre-Cambrian and wéﬁaréy Cambrian of ths
Great Basin is such g thick sequence of quartziie know
(b} To the north, in the Cricket Mountaing, the same quartz-
ite is normally overlain by Cambrian shale and limestone
formations,
{2} The lower plats is composed of dated younger rocks,
{3} Foszsll evidence indicates a truncation of the Ordovician of
the lower plate,
Struetural evidence:
{1} Vieible truncetion of the Crdovicisn strata,

(2} Ezposed gouge zone betwesn the gquarizite and limestons forma-

tions,
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Folding of the shale beds Immediataly below the quartziie
formation,
{4} Fractursd, sheared, and brecciated eondition of the quartzits

formation immediately above the thrust plane,

Cenozole Blructurs

Introduction

Cenozole deformation hae been superpssed on the earlier [sided,
faulted, and overthrust structures and is reflected in the present topography
of the San Franciseo Mouataing, The strata underlying the area underwent
at least two periods of post- Laramide tactoniem,

In early to middle Tertiary times afler volcanie rocks had been
extruded onto & surface underlain by deformed and eroded Paleszoic rocks,
the region was broken along a major north-south trending fault which ex-
tends from south of Squaw Springs to a point beyond the acrthern border
of the map, The western block has been raised relative to the eastern
biock, Intrusion of a quariz monzonite sisck ints the Palecgole carbonate
rocks and the Tertiary volcanic rocks closely fnlicwed the fanlting, causing
iseal displacement and doming, Erosion was active until mizé Tertiary or
sarly Quaternary times when renewed tectoninm uplifted the range relative
to the westward bordering intevmontane basing along a major {ault parailai-
ing and lying west of the sariier fault, Monscling! Iolding and minor trang-

verss fauliing accompanied this major vertical fauit displacement.
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Zarly-Middle Tertiary Deformation
Hastern Bange Border Fault:

A major north-south {rending fault bounds the ecast {lank of the
range and has dropped voleanie rocks against the old sedimentary rocks
of the San Francisce Mountsins proper. Fleld relations indicate that the
eastern border fault has been cut by the quartz monzonite intrusion., There
is no bedrock evidence that the stock hae been affected by this faull; there
are no %iﬁgﬁawé contacts, topographic breaks, or breccia zones., In
short, thers is little question that the fault is pre-intrusive in age.

This fault can be traced from scuth of Squaw Springs Pass, where
it apparently dice out or is lost in minor fauz%mg, to north of the Horn Sliver
Mine whers it is difficult to trace in the monostonous voleanie rocks. The
actual fault plane ie vigible above the caved workings of the Horn Silver
Mins where it also has been {raced vertically underground to a depth of
1600 feet (Butler, 1013, p. 168}, Here the west wall ig In Cambrian lme-
stone. Investigation of the voleanic terrane in line with the projected fault
plane north of the mine revealed numerous silicified and brecciated zones
in the voleanic rocks, but in view of the proximity of the intrusive %;ﬁfiy,
they are not oo conclusive, However, a water seep was discovered in vol-
canie gougs which was aligned with the projected fault plane and on this ba-
sig the fault is dashsd in on the geologic map.

The continuation of the fault is traced by a éii’&igﬁi*?iﬂfz secarp

in the Prospsct Mountain quartzite {(see fig. 31) which determines the base
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of the range north of the intrusion, Sporadic breccia zones and slicken-
sided surfaces in the quartzite parallei the scarp in the vicinity of More=
houge and Barrel “pring Canyons, but along most of this front the actual
fault plane is covered by quartzite talus. However, the fault is visible in
the workings of the Golden Reel Mine located in Sawmill Canyon near the
extreme northern end of the area mapped. A shaft has been sunk parallel
to the fault, and an adit, faced in volcanic rocks, passes through the fault
zone which is marked by extreme alteration and shearing of the volcanie
rocks and considerahle breceiation in the quartzite.

The scarp in the Prospect Mountain quartzite along the projected
fault plane is not a fault scarp but a fault line scarp, Renewed movement
along the fault can hardly have occurred since there is no visible digplace-
ment of. the intrusive body along the ;ﬁrajected line of the eastern range bor-

der fault,

Aault-line
Searp
T2 L

Fig. 31, View, losking south at the pediment surface developed on Ter-
tiary volcanics underlying the lower slopes sast of the San Francisco Mount~
ains, Note the fauit-line scarp along the eastern border of the range separa-
ting the resistant Prospect Mountain quartzite from the weakly resistant
Tertiary volcanics.




Intrusive Structurs:

» of the country rock adiacent to the gquartz mon-

P 3

cussed in an sarler chapter. The intrusion hag

apparsntly cauvsed a slight doming of the Paleozsic atrata along the novth-
arn ¢ontact of the stock., Here the bede have a general northeasterly dip,
but farther from the stock, in the vicinity of the Indian Gueen Mine, the
straia bend around unti! the dip ig toward the southeast, The deflection
sf those beds least affected by the inlrusion of the quarts monzonite pro-

bably sccurred when the range was uplifisd and tilted to the cast by move-

ment along the weatern border fault.

Late Tertlary~-Parly Quaternary Delormation
Western Range Border Faull:

Evidence fopr the western border fault is physiographic, The
truncated range spurs which extend into Wah Wah Valley ars aligned and
consist of Tertiary pyroclastic and extrusive rocks, Paleozolc limesione
and dolomite, and intrusive quartz monzonite. I the relisf along this side
of the range had resulled from differential erosion, the relatively weaker
rocks would not have maintained their position at the range (ront. The only
iogical conciusion iz that the relisf is due to differential uplit. This postu~

lated fault is not drawn on the geologie map, but it probably would not He
far beyond the ouler range spurs.

Belative uplifi of the range block would nascessitate a it unlegs

the movement were simuliansous along both border faulis and the vertecal
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ciaglous, Here,

may mean lttle with regard to the direction of the latest

t3lt. The attltedes of the bads 4o coniorm o the dizcection of i along

;

e westera range Srout novth of the intrusion, In all probability the attl-

L

tudes of the beds here are the resull of the tilting of the range block.
Asymmetric and Monoclinal Foldss

An ssymmetric fold with a curved axis is a prominent structural
faature along the westera front of the range just north of the Indian Cueen
Mine, This flezure apparently plunges {o ths south as the fold waa not obe

gsepved in the ridge in which the Indian Queen Mine is located, The western

b b

as been evoded oxcept where exposed near the baes of the range where
the strata dip beneath the basin alluvium, A view of the western face s{ the
range shown in fig. 10, referred to previcusly, shows this asymmetrice fold,

f.ocally, the stesp mono-

14

ded inte two sepavate




Fig. 32. View of the asymmetric anticline exposed along part of the west-
ern flank of the range. The west limb is scen at the base of the range where
it dips into Wah Wah Valley.

Fig. 33. View of monoclinal folds in asymmetric anticline glong the west
flank of the range. Note the overturning in the west limb of the higher
fold, The upper part of the fold has been beveled by erosion.
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It might be argued from the evidence presented gbove that the
relief on the west flank of the range iz due to folding, However, this fold-
ing is Hmited in extent and there iy no evidence that the whole fiank of the
range has arched into the basin to the west, More significant, the rocks
5f the upper plate do not como down either. Moreover, in the northwest
part of the San Francisce %@@&ﬁéﬁiﬁ& juet beyond the northern boundary
of the map, a large block which has been faulted down from the main west-
¢rn facs of the range protrudes from the alluvium beyond the range front,
This blogk consists of Prospect Mountain quartzite unconformably sverilain
by Tertiary conglomerates and voleanic rocks which have dropped as a unit
from the upper plate. This confirms that faulting has been active in the
ghaping of the western flank of the rangs. Eﬁ}aﬁ of this dropped block is
shown in the background of fig. 10,

Transverse Faulis:

Humersus transverse faulte of minor displacement are present
within the bedrock of the rangs, but only those are shown on the geslogie
map which appreciably offeet contacis or repeat the strate within a frrma-
tional unit. This faulting i believed to be Tertiary.

One sot of faults, cutting disgonally through the range, is worthy
of mention bacauss %@%Wéﬁ@ them a wedge-shaped block has been dropped
down Whﬁé?i consists of girats of both the upper and lower plates. The two
faulis apparently merge to ﬂm northwest and movemens along the single

fault is probably responsible for exposing the strata of the lower plate in
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Barrel Spring Canyon. The throw on the southern border fault of this
wedge-shaped block is about 400 feet; that of the northern fault is leas,
approximately 200 feet. The lattor fault is shown in fig, 34. A partial
view of the dropped block and of the position of the southern fauit is shown
in fig. 18. The southern fault is apparently a scigssors faulit with the move-
ment of the block south of the dropped wedge being up on the southwest and
down on the northeast, whereas the movement of the adjacent block ig just

the opposite,
i

ESR %
PFig. 34. View, looking north, showing vertical displacement of the thrust
plates., Dashed lines are approximate position of offset thrust plane, Solid
line represents northern bounding fauit of dropped block, View taken from
position in Cambrian Prospect Mountain composing upper plate of dropped
block,

Physiography
Any analyeis and conclusions arrived at regarding basin and

range structures necessitates investigation of the physiographic development
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%ﬁfi

»f the area bscause, in most cages, as it is with the San Francises Mount~
aine, the physisgraphic evidance is the key o the structural interpretation.

The principle physiographie problem iz why the San Francisco
Mountaing stand high above the intermontans basing to the east and west,
The poseibilities are that the reliaf of the range i due to (1) erosion, (2)
differential upiift, or (3} & combination of both,

Under hyoothesis (1), it ie posaibls that the range and the adjnin-
ing lowlands wers eichsd out by differential srosion of a highland formed by
geslogic events of which there is a record in the rocks of the area - that is,
intrusion of the quariz mongonite and the tectonic activily in early and mid-
die Tertiary times., Alternative {2), which makes the relief due wholly to
z%iﬁ%mmiéé uplift, implics that all the carly relief features were baseleveled
by srosion prior to range front faulting. Actually there i no evidence in
the way of a8 well-defined penepiain that this was the case, and there are no
Upper Tertiary pocks io provide structural evidence of late Tertiary tilting
of the range block., A combination of these hypotheses (3), iz that the range
swes a part of its height relative {o the basing to uplift along late Tertiary
oy Cuaternary border faunlts of 8 surface of moderate relief. This would
iraply that part of the relisf geen today is inherited from earlier tectonism
snd erosion., The latter hypothesis i3 probably the most reasonable explana~
tion of the reliief of the range but it must be stressed that without knowledge
of the thicknezs of the alluvium bencath the basin floor o the west, & is

at best only a hypothesls,
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Most of the relief featurse along the cast side of the range can

be readily accounted for in terms of differential ersalon and the castern

w

lowland is lteell erosional in ovigin {see fig. 31} lis average height at the
castern base of the range is 7000 feet and it {s graded to a distant baselevel
of sbout 5080 fest in Boaver Valley. Some well-delined scarps corrsapond

sely in position with faulis, but all of the evidence indicaten that these
ars fault lne scarps produced by differantial erosion of rocks brought to~
gether during carly Tertlary ovogeny.

The west side of the range is entirely different in character and

requires a different explanation for the phyelographic festures, Here, the

relief of the range is much stronger, rising 4008 in a linear distance
of 2 miles. Thres different rock types form the range spurs, which are
rudely aligned, and, mors fmportant, the lowland is upbullding, the allu-
vial fans being graded {0 a plays lake slightly below 8000 feet in elevation,
These features suggest relative uplilt of the range along a range border
fauit. Howsver, there is no reason fov believing that %&h; pregent relief
of the west side of the range vepresents the throw along the ?&ai% becauae
there is no way of telling how much rellef was present prior to uplifi,

The deep dissection along the western side of the raenge iz be-
Heved {2 be due to greater altitude due to uplifl and the shorter distance
to base level of the westvward flowing streams. This is well-displayed by

ﬂzw simbayment eroded in the relative weak voleanic rocks forming Squaw




1s

oot

stward {lowing streams

1

Springs Pass. The basaslevel advantage of the w

ie 85 great that the divide between cast and west drainage has migrated

'kx

through the pass o the cast side of the renge, and now lies near Frisens.

w

The recession of the normally resistant Uroepect Mountain quartzite from

the western border lault is sxplained chiefly by the gbove two reasons,

s probably invoived in the recession. Differential uplift along the postula~-
ted west border fault has brought to the surface weak zshales and limestones
of the lower thrust plate. Drosion of the weak Ibwar plate rocks has al-
lowed g vigorous sapping of the overlying Prospect Mountain guarizits,
producing the cliffs seen today., The quarizsite siill fsrms a protective cap
above the weaker formations &E@ﬁg gt of the castern flank of the range

therefors has maintaine “x:% its position since carly middie Tertiary fault-
ing slthough the relief has been reduesd by erssion.

In conclusion, the relief of the range, from the physisgraphic
evidence, is the resull of more than one genlogie process. Much of the
relief on the western side is probably the result of diffsrentia! uplift along
a range border fault, subsequently modified by evosion, whersas most of
the relief on the sagtern side is the result of differential eroeion. This
view, in part, is in accord with Butler's conclusions because aithough he
implies from o block diagram (fig. 8, p. 72} that erosion has modified dig-
placement along an castern border fault, he does not stress this polnt in
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Age of Range Border Faulls

Fieid relations supported by physiographic evidence ssiablish

the relative ages of the two rangs border fanlis, The quaritz monzonite
body culs across the sastern border fault aﬁ% in turn is apparently cat

by the western border fault, The eastern fault is pre-intrusive, and the
western %&%*%ﬁéﬁ’ﬁ%i@ in age, Although the fisld reiations indicate rela~
tive ages, they do not reveal how much time elapsed between the first per-
iod of faulting and the intrusion of the stock, or between this intrusion and
the second period of faulting, However, from physiographic svidence, it
iz obvicus that the westera border fault ie much younger than the castsrn
border faull. As had been pointed out previously, the relief st the sastern
flank of the range is no longer dus to uplift but to erosion, wheress the ra-
lief ai the western range flank is the direct pesult of uplift by faulting,

This indicatss that erosion has been reducing the eastern flank of the range
for a longer pericd of time, oven though displacement on the western border
faull is probabiy greater than that on the castera border fault. Thereiore,

it is concluded that the western range border faull is quite young, probably

late Pllocens or sarly Plelstocene in age, whereas the castern border fauli,
baing pre-intrusive and post-volcanie, is probably early to middle Tertiary

in age,




SUMMARY OF GECGLOQGIC HISTORY

The sedimeniary record is incomplste in the San Francises
Mountaine, and therefore part of the reconsiruction of the geologie history
will rely on gdjacent areas where the record is more conplete, Bven
though pre-Tertiary rockes of only pre-Cambrian, Cambriaa, Ordovician,
and Pemnsylvanian age are present in the area, reglonal studies show that

the Great Da

sin was part of 8 subsiding geoaynclinal trough and underwent
sedimentation from lale pre-Cambrian to carly Mesozoic times,

ézt&rmgh the nidest rocks in the areas are allschthonous, they
indicate that geosynelinal gedimentation began with the deposition of
guartz sandstones, af least in parts of the Provinee, in the late pre-Cam-~
brian, The record iz missing in the district above thess clastic rocks but
by tracing these rocks into the mountaine north of the mapped arsa, they
were found to be eonformably succeeded by finer grained siltstonss and
ghalen of late early Cambrian age. The deposition of these rocks in tura
gave way to carbonste sedimentation in middle and late Cambrian times,
This series complolas the clagsic cycle of deposition in a transgressing
sea. The rocks of the later part of this series are preserved in the pre-
sent aren (Middie {¥) and Upper Cambrian Hmestones and dolomites).
The Urdovician and Pennsylvanian rocks expoesd in the present grea re-
pregent oanly & small part of the sedimentation which is known to have taken

place throughout the Paleozoie in the castera Great Basin,
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As has been poiated out proviously, broad epeiragenic uplifts
securved during the period of overall subsidencs of the geosyncline caus-

ing some interruption of deposition, After sarly Mesozoie times, the mare-

ins reco

ord ends in many aveas of the Provines indicating 2 closing of geo-

l

S»

asynclingl sedimentation. The youngest rocks of the gecsynclinal sories
in the ens stapn part of the Great Basin are Lower Triassic sediments some

of which are exposed in both the Star and Confusion Mountaing, Widespread

and intense ﬁgf&;e@my was active in middie and lale Mesozaic times, sxiend-

ing into the sarilest Tertlary at some places. It was during this perisd of
tectonism, that large scals over izmé;iiﬁg took place in the San Franciscs
Mountaing, The oldest sedimantary rocks, apparently shearcd off from the
erystalline basement, were thrust castward over ysunger rocks of the
Palzogole sequence, Evidence for this type of shearing off fvom m@ﬂ basge-
ment complex iz reporied Irom the Snake Bange of @%mmmﬁﬁ Nevada
{Hazzard and Misch ot al, 1883}, The fact that zo much of the gection is
missing in the rocks of the lower plate, together with the svidencs of fold-
ing and fauliing withln the lower plate, shows that some delbrmation preced-
ed the overthrusting: this first deformation probably belonge in the same

general perisd of orogeny that produced the averthrast.

Volganie flows and pyrociastie rocks were laid down in consider-
able amounts in sarly Tertiary times and may have reached a mile in thiek~
negs covering a surface of moderate relief {approximate ly 1800 feet) cut

=

in the deformed Paloozole rocks, The voleanie rocks werse then broken

along a major north-south fault and relative movement raised a western
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&

bisck, This fauiting was [ollowed clogsly by intrusion of a quartz mon-
zonite siock which undoubtadly resulied in local uplift of the sedimentary
and/or voleanie cover, The faulting and intrusion probably sccurrad in

late early to mid-Terilary times. An interval of erosion {ollowed during

Z&

3 probably devoofed and a pediment surface formed in

%

the volcanie rocks underlying the lowlands cast of the range. Mot until

L

late Tertlary or corly Quaternary times did the area undeysy ronoyed
]

I;.««

wasin and range faulting which slevated the range o its present height
relative to the ntermontane basging to the west, Zroszion gines the earlier
Tertiary uplift has continued to strip the wesker voleanic rocks from their
slevated positions in the range, until today only cne small area of voleanie
rocks remalng in the higher part of the 8an Francisces Bountaing,

After the latest relative uplift along the western border faull,
material ersded from the range has been carried to the bordering intermon-
tans bagins, The depositional basin on the castern side %“ far sutside of
the mappsd area but the basin on the western gide {8 immediately adjacent

to the range, Here, alluvial deheris spread out on the lowland to the west

wilt large fan deposits which have deeply buried the bedrock of the

¥

gj&?ﬁ&
ﬁgd

and
dropped hlsck, Subssguently, during the late Plelstocene, Lake Bonneville

2d the alluvial basin and reworked the fan deposiis

was formed which flood
along the lake shore forming embankmeniz and shore lines, Rocession

of the water has lefi an ephemeral playa lake in the basin. Recent cutiing
has dissected the shore features in Wah Wah Valley and incised dsep washes

in the buried voleoanie terrane sast of the rangs.
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