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Geologic map of the Milford quadrangle and east half of the Frisco quadrangle,
Beaver County, Utah (GIS reproduction of USGS Map I-1904 [1989])
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DESCRIPTION OF MAP UNITS 
Alluvium and other surficial deposits (Holocene and Plelstocene)

Unconsolidated talus, stream. and floodplain deposits in moun
tain,, and Lake Bonneville deposils and semi-consolidated 
pediment gravel, !anglomerak, and other basin-fill deposits in 
valleys. Total th,ckness locally may exceed 1,000 m 

Ta lus of basalt lava flow m ember of Steamboat Mountain 
Formation (Holocene to Miocene?)-Talus accumulations and 
erosional bouldery remnants of basalt flow member [Tsb) that 
cover less re51otant older un its. part icularly tuft member of the 
Blawn Formation (Tb!) and quart, latite of SqL.taw Peak (Tsp). 
Occurs m southwest quarter of map area where talus m<1y be as 
much as 10 m thick J Volcanic debris-flow deposits (Miocene?) - Angular to somewhat 
rounded, boulder -to cobble-size dasts of intermediate-composi· 
tion flow rock together with fragments of rhyolite lava flow 
member of Blawn Formation [Tbr), Isom Formation (Ti). and 
Bauers Tuff Member of Condor Canyon Formation (Tcb) that 
form loose rubble on htll slopes. No matrix;, exposed. Probably 
volcanic debris-flow depos its and (or) fluvial deposiis . E~posed 
In south-central parr of map area where deposits may be as much 
as 100 m thick 

Steamboat Mountain Formation (Mlocene)- YoL.tnger of two 
Mio,;ene b,modal assoc,at10ns of basalt ic rock and rhyolite that 
are w,despread In areas southwest of map area, has an isotopic 
age range of 13 to 12 Ma (Best and others, 1987) 

Rhyolite lava flow member- Small dikes. shallow plugs, and 
volcanic domes composed of white to pink, flow·layernd, localty 
vesicular, porphyritic rhyolite. Phenocrysts consist of spar,;e lo 
abundant quartz, sanidine, sodic plagiodase, and minor biotite 
"nd opaque minernl,. Sanidine from a rhyolite body ~bout 1 km 
soU!h of border of map area in adjacent Thermo quadrangle has 
a K-Ar age of 116±0.5 Ma (Rowley and others. 1978). This 
rhyollte ls referred to as rhyollte of Dead Horse Reservoir 
(Rowley, 1978) 

Basalt lava flow member-Bla.:k to medium-gray, commonly 
vesicular, unaltered lava flows. Two petrographic-chemical types 
occur but on th« map are not shown separately as they were on 
Pine Grove-B!awn Mountain map (Abbott and others. 1983) to 
the west. A porphyritic type contains phenocrysls of slender 
plagioclase and aug1te. commonly clotted togethe~. and lesser 
o livine. commonly replaced by "lddlngsite;· in a mlcrocry5talllne 
matrix SiO:, LS about 53 weight percent and Na,O and K, O are 
both about 3 weight percent K-Ar whole-rock ages are 
13.3± 0.3 and 12.9± 0.5 Ma (Best and others, 1987). An 
aphyric type commonly with stretched ve5icles has about 56 
"'"'ght p.,rc,ml SiO, and 3.5 weight percent K:,O and a whole
ruck K-Ar age of 12.3±0.5 Ma (Best and others. 1987) A local 
variant of aphyrlc type has less than 5 percent minute ohvine 
phenoc,ysts. Exact thickness of unit difficu lt to ascertain because 
of extensive tall.ls (unit QT!). but may be as much as 100 m 

Blawn Formation (Miocene)-Older of two Miocene bimodal 
associations of ma/le rock and rhyolite that ocrnr in map area 
and in areas to southwest; isotopic ages rnnge from 23 to 18 Ma 
(Best and others. 1987) 

Rhyolile member-Small shallow intrusions and lava flow 
remnants of red. pink. and gray to lavender. llow·layered. 
sparsely to coarsely porphyritic rhyolite. Locally 1s a vitrophyre 
and autobrecc,a, Where weakly altered, ~s 2-4 km south of 
Antelope Peak in southwest quarter of map area. member breaks 
down to small chips that cover rolllng hills Phenocrysts include 
combinations of quartz. sanidine. sodic plaglodase. and biotite 
that range in s,ie from less than l mm. where they altog.,ther 
comprise on ly a few percent of total rock, to almwt 1 cm. where 
they may comprise 20---30 percent ol rock. Not petrographically 
distinguishable from rhyolite lava flow member of Steamboat 
Mountain Formation (Tsr), but rh1101ite outcrops In north and 
central part of map area are designated as Tor because they lie 
on smke WL!h a well-defined southwest-trending band of 
extensively dated rhyolite in mountain ranges to the west whose 
ages lie between 23 and 18 Ma (Best and others, 1987). The 
only dated Tbr rhyolite body in map area lies just south of 
highway ln northwest corner of Milford quadrangle and has a 
fission track age on zircon of 18.9±1.0 Ma (Best and others. 
1987). Howeuer, an age of 22.5± 5 .7 Ma on alunite (Best and 
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others, 1987) in an area of hydrothermally altered sihcic rocks 
near White Mountain supports the Blawn correlat,on of these 
and other nearby rhyolite bodies. Includes small local or altered 
accumulations of associated tuff member (Tbt) 

Tuff member-A heterogeneous sequence of ash-flow tuff, minor 
thin-bedded air-fall and surge tuff, and som.i IIL.tvlal depos,t, that 
Is associated with eruption of, and is compwitionally similar to. 
rhyolite lava flow member [Tbr) and quartz latite of Squaw Peak 
[Tsp). Ash-flow luffs are white, grny. and ptnk. contain light
colored pumice lapllli, dark-colored volcanic lithlc fragments 
(chlelly of un1ts Tor and Tsp). and generally less than 20 percent 
phenocrysts of sanidine. quarti. sodlc plaglod ase, and biotite 
\\them unaltered, luffs are generally weakly consolidated and 
underlie slopes, although locally west of Antelopoe Peak they are 
densely weld.,,d. Also west of Antelope Peal< and in a hydro
thennally altered zone e,tendlng w.istward from White Mountain 
this unit has beds as much as 100 m thick of well-saned, evenly 
and thinly bedded sandstone. A very poorly ex.posed, tan. weakly 
bedded, volcanic conglomerate 3- 5 km southwest of Squaw 
Peak contains abundant clasts. chiefly of quanz latlte of Squaw 
Peak {Tsp). as much as 20 cm ,n diameter ,n a sandy mahix. It 
may be as much as 300 m th,ck In places. luff member of Bl awn 
Format,on may include unrecogniaed tufts associated with 
eruption of rhyolite lava flow member of Steamboat Mounta in 
formation (Tsr) Tuff and sandstone sequence west of Antelope 
Peak may be as much as 650 m lh,ck 

Mafic lava flow member-Porphyritic to aphyric, gray to black, 
latit" and trad,yandesite lava /lows and. south to southeast ol 
Mertons Spring, dikes that weather red-brown, commonly wi1h 
lies.igang bands. Phenocrysts make up ao much as one.quarter 
of the rod. are g,;,ne,aJL,, leso than 2-3 mm long, and include 
p lagioclase and augite 1J.'ith or witholll hypersthene and ohv,ne 
(commonly ,.,placed by orang" "idding;ite"') tn a microc",'slallln e 
felsic matrix. Relatively high K,,O .content of these flows (3-5 
weight percent in s«veral analyses from mountain ranges to the 
southwest and west) is manifested by local blotlte phenocrysts . 
from Squaw Peak southwest to Antelope Springs, lava flows are 
commonly v.,s,cular and glru;sy, locally sconaci,ous, and some 
contam unusually larger plagioclase phenocrysts Near Fnsco 
and around White Mountain. flows are aphyrlc or contain only 
sparse minute pyroxene phenocrysts K-Ar ages on samples of 
this unit and on stratigraphically constraining asso,;iated units in 
mountain ranges to the west are about 23 Ma. Member is 
apparently several hundred meters thick In places 

Granite (Mlocene)-Most)y pinkish-gray to white, f,ne- to medium
grained intrusive bodies containing 45---6~ percent K-fo ldspar, 
ZD-40 percent quani, 15-25 percent ollgodase. and 5 percent. 
or less biotlte or hornblende, or both. ln general the granik 
plutons near Moscow mine contain considerably more quarts 
but about the same amount of plagloclase as those in nonhem 
part of Star Range, and locally contain some greenish-whit" 
muscovite and scattered grains of lluorite. The lack of ;;,eromag
ni,t,c expression of even the large pluton near Moscow and Hub 
mrnes further Indicates the relative absence of magnetite and 
Iron-bearing !errom<1gnesian miner<1'5. All other intrusive bodies 
In map area show some aeromagnetic expression. Two fission· 
track age, on zircon from this leucocratic pluton, one by C.W. 
Naeser of the U.S. Geological Survey and the other by B.J. 
Kowallis and M.G. Best of Brigham Young Univers ity gau.i 
21 6±2.3 and 21 1±2.1 Ma, respectively, rndicatlng that the 
intrusive magma was associated with emp lacement of Blawn 
Formation 

-
Apllte (Miocene7)-5mall dikes and plugs of light-gray, "'ccharo,dal 

granitic rock composed predominantly of quartz and onhodase, 
and rare blotlte. Exposure in north-central pan of sec. 33, T. 27 S .. 
R. 11 W contains much ep;dote, Inclusions of porphyritic flow 
rock. Md mlarolltlc cavit ies containing adular>a and purple 
fluor ite crystals. Age assignment is based on compositlonal 
kinship to grarnte (Tg) 

Quartz monzonite porphyry of Squaw Gulch (Miocene?)
Medium- to light-gray·. medium-grained. quan, monzonlte 
porphyry containing phenocrysts of quartz. K-feldspar, andeslne, 
hornblende, and ·,biotlte, and many small cognate inclusions. 
Mwt exposures ,i.re u;eakly argillically altered in nur!liw~st 
section of map area 
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Quartz latlte of Squaw Peak (Mlocene)-Coarsely porphyritic, 
locally subtly flow-layered lava flows containing autobrncc,ated 
margins. Characterized by ledge-and-,lop,, topograp hy. Color is 
generally red-brown, but also gra,·. tan, purple, pink, and where a 
vitrophyre, blad or pale green Phenocrysts make up an«-third 
al rock and inclutle plaglo,;lase , sanidine. and lesser biotite with 
or without hornblende, augite. orthopyrox.ene. and quartz in a 
microcrystalline or glassy matrix. Typically, somewhat anhedral 
feldspar phenocrysts are visibly zoned in hand sample and are as 
much as LS cm long; other phenocrysts are les.s than 2 mm. 
Some widely scattered outcrops .:ontain'rnre 1-cm-long horn
blende phenocrysts. l..mge feldspar and sparse mafic phenocrysts 
distinguish unit from maflc lava flow member ol Blawn 
Fonnation (Tbm), Horn Silver Andesite (Ths). and andesite of 
Shauntie Hills [Tsh). Accmd,ng to Lemmon and others (1973), 
b1otile form a sample collected in south-central pan of sec. 19, 
T. 27 S, R 12 W. ha, a K-Ar age of 23 0±1.0 Ma (age corrected 
for new decay constants; Daltymple, 1979). Thicl<ness may 
approach 1,000 m near Antelope Peak Unit local];., includes 
small poorl;' exposed accumulations of luff member of Blawn 
Formation (Tb!) 

Bauers Tuff Member of Condor Canyon Formation (Miocen~) -
Youngesl of several regionally extensive ash-f low sheets of 
Quichapa Group exposed over thousands of square kilometers 
in southwestern Utah and adjacent Nevada. Source possibly rn 
Caliente cauldron complex, Nevada (Ekren and others, 1977). 
or mother calderas rlear Utah-Nevada border Map area is near 
distal nonheast margin of BaL.ters eruptive sheet (Williams. 
1%7), and so unit is discontinuous and generally only a few 
meters thick; locally. ho1J.'eve r. such as west of Antelope Peak. it i, 
as much as 18 m thick. Unit is eveI,1where densely welded. forms 
resistant ridges. and has distinctive petrography. even where 
altered. so llnit serves as a valuable stratigraphic marker. Grny. 
tan, plnl<. or lilac where fresh but orange to red where altered. 
Phenocrysts are generally less than 2 mm ,n longest dimension, 
make up less than JU percent of rock, and mclude plagiodase, 
sanidine, and biotite. Average K-Ar age is 22 3 Ma (Best and 
others, 1987) West of long Lick Mountain and northeast of 
White Mountain. urn! includes several meters ol older Swett Tuff 
Member of Condor Canyon Fonniltion. Swett is virtually identical 
to Bauer., in a ll respects except that ;1 lacks sanidine phenocrysts. 
South of Menons Sprmg. map unit consists only of Swett 
Average (corretted) age is 23.7 Ma (Armstrong. 1970) 

n ':I Isom Formation (Oligocene)- Red to brown, densely welded, ash
L~- ~, flov,1 tuff. locall<,' containing a black basal vjtrophyre. VU98Y 

flattened and stretched pumice lap1lli are common. Contains less 
than 10 percent phenocrysts of plagioclase and pyroxene 
A;,,;m;.ge K-Ar age is 26.0 Ma (B~t &Md e,th~f3. 1987). Ernpllve 
somce is probably concealed In Escalante Desen about 50 km to 

south. Jn area Immediately south and «ast of Frisco rnmetery. a 
tuft crops out that sup«rliclally resembles Isom yet contains as 
much sanidlne as plagioclase. This "'nidine·b~~nng tuff may be 
a locally d«nved deposit or may pwsibly be a distant remnant of 
the Shingle Pass Tuff ofCooK (1965) derived from a source west 
of Pioche, Nevada. Lemmon and others 11973) reported a K-Ar 
age (corrected) on sanidine of 22.5±1.0 Ma on "tL.tlf from the 
Frisco cemetery area." This age is compatible with Bauer, Tuff 
Member of Condor Canyon formation that" also exposed near 
the cemetery. Thickness generally only a few meters; locally 
absent 

Three Creeks Tuff Member of Bullion C,myon Volcanics (Ollgo-
cene)-Densely to moderately welded. gray to pale-lavender 
lapilli tuff. About 40 percent of luff consists of euhedral 
plagioclase tablets as much as 4 mm long and less~r b1otite and 
hornblende. lapilli of white pum,ce locally are evident and 
fragments of dark r.,ddish•brown volcanic rock e,s much as 6 cm 
m diameter const,tute as much as 10 percent of rock Source Is 
Three Creel<s caldera ,n southern Pavan! Range about 90 km to 
eru;t (Stes.>en, 1981) South and east ol Mertons Spring several 
meters of thinly bedded, white. tuffaceous sandstoM li es at top 
of unit. Maximum thickness about 200 m 

NEEDLES RANGE GROUP iOLJGOCENE) 
[Widely d;,tribuled. chiefly redd;,h-brc,wn, c,;.,stal-~ch dacmc ash-flow tuft and local minor 
rhyolite ash-flow tuff. West c,f Milford ond Fr1scc, quadrangles, local ,hyolite and andosite 
lava flow, and volcanic ,and.,tone and oonylomerate also occur ,n some of the formation, of 
the group. Many carn/ully sol~cted samples have b""n lsotop1colly dated within the range of 
32.3±1 I to 27 9Ma. Undivided Need I"' Ra ngeGroup(Tn)shownon cross sect ton only. In 
map area the g:roup oonsist, of Lund, Wah Wah Spring,. Cottonwood Wash. and Escalante 
Deserr Formations.] 

I,. TI Lund Formation- Densely welded. orange, reddish-brown or dark-

,wo 

gray ash-flow tuff contairting about 40 percent phenocrysts 
generally less than 2 mm across, in descending order of 
abundance they include plagiodase, blotlte. quam, and horn
blende Age is 27 .9 Ma and source is White Rock caldera (fig lj 
thilt straddles Utah-Nevada boundary southv,,·est of map area 
!Best and Grant. l 987). Complete sections may be as much as 
300 m thicl< 

~ Outflow ruff memt:.er of the Wah Wah Springs Formation-
L __ ~ Grades upward from a 2 m thick, speckled-gray. densely welded 

vitrophyre locally developed at base of depos it, ;nto a rnddish
brown. densely welded lapilli luff containing conspicuous white 
pumice lapilli, and ,hen to a loosely welded. pink lapilli luff at lop 
ol unit. Phenocrysts of plagioclase, hornblende, biotlte. and a 
trnce of augite and quartz make up about 40 percent of luff Age 
is 29 5 Ma and source is Indian Peak caldera (fig. l) that straddles 

-

-

-

Utah·Nevada boundary to west (Best and Grant, 1987). As 
much as 250 m thick 

Cottonwood Wasb Tuff-Reddish-brown. densely 1J.'elded lapilh tufl 
containing abundant plag,oclase, b101ite. and lesser quartz 
phenocr;;st, that al€ as much as 6 mm in diameter. Age is 30.6 Ma 
[Best and Grarir 1987) Thickness nc, mc,re thiln 10 m 

Lamerdorf Tuff Membe r of Escalante Desen Forrnation-Light-
gray to lilac. moderately welded ash-flow tuff containing less 
than 15 percent phenocrysts of plagioclase and lesser biotite and 
sparse darl<·colored volecr.nic lith ic clasts a few cm in diameter. 
Near Long Lick Mountain and southwest ol Antelope Peak, unit 
includes some altered luff layers that appear to have more 
abundant plagioclase as we ll as hornblende. and In Shauntie 
Wash In western Star Range contains some heterogeneous lapilli 
tuffbeds. Un°it partially filled lo,;al p,Lieovalleys and is as much as 
11 few hundred meters thick 

Dikes {Miocene? to Oligocene)- Narrow dikes and small plugs of 
brownish-gray to while. fine -grained rock containing rare 
phenm,rysts of quart, and biotite Dikes cut both sedimentary 
strata and intrusive bodies. mostly in Star Range. Rock mostly a 
fine-grained intergrowth of K-feldspar and quartz. Unit also 
Includes a few narrow dikes of darl<-grlly to dark-brown ish-gra~' 
andesile and lamprophyre that cut quartz monzonite and other 
mtrusive bodies 

Mon2onlte (Ollgocene?)- Light-pinkish- to tannish-gray. fine- tc 
medium-grained. moderately porphyritic intrusive bodies con· 
!ainmg about 45 percent andesine. 40 percent ptnk K-feldspar, 
5 percentquan,, and lOpercent blottte, augite, and hornblende, 
with accessory sphene, apatite, and magnetite Quartz pheno.:ry<ts 
range from 3 to 8 percent in various specimens. For age 
assignment see unit descript ions for quartz monzonite (Tqm) 
below. Exposed in nonhem Star Range and southern Rocky 
range 

Q uartz monzonite (Oligocene?)-Grny to pinkish-gray, medrnm
grained intrusive bodies with hypldlomorphlc-granular texture. 
Rockconslsls of about 35 percenteachK-feldspar and andesine. 
10--15 percent quarts, 4 percent each of biotite and augite, 
2 percent each of hornblende and hypersthene. and a total of 
about 3 percent of accesory minerals including apatite. zircon. 
sµhen". rutll", and magnet,te Parts of some plutons are 
arg:ill ized and pyrttized, and near contact iones with carbonate 
rocks also are mineralized with copper sulfides and magnetite. 
Lemmon and others 0973, p. 23) reported that biohte from 
pluton near Montreal mine in Rocky Range has a K•Ar age 
(corrected) of 21.3±0.6 Ma, and hornblende from the same 
specimen has a K-Ar ag" (.:orrected) of 27 7±0 8 Ma. On 
another sample from dump of Montreal mine, H.H . Mehner! 
obtained ages of 30.0±1.0 Ma on K-leldspar and 23.8±0 9 Ma 
on biolite. These discordant ages, and other discordant ages on 
slmila, monzonitic and granod1oritic rocks thllt contllin greater 
than 5 percent biotite and hombl.inde wlth or without pyroKene 
(units Tm, Tpqrn, Tgd), are interpreted to be Oligocene (about 30 
Ma) ages locally and variably reset by an early Miocene thermal 
event associakd with emplacement of the Blav,,·n Formation and 
deep·seated plutons of sim ilar age ~nd composi tion 

Porphyrllic quart• monzonite {Oligocene?)- Med,um-gray to 
pinkish-gray, coarse-grained, moderately porphyritic plutons 
containing about 35--40 p..rcent andes ine. 30-35 percent K
feldsµar. 15 percent quanz. 8 percent biotite, 5 percent 
hornblende, and 2 percent or less magnettte, zircon. sphene, and 
apatite. In general, the porphyrit,c quanz monzonite plutons 
appear to be cut by the finer, more even-grained quart, 
monzonlte Intrusive bodies. Lemon and others (1973, p. 23) 
reponed that biotite from the intrusive body nea, Copp.,, Kmg 
shaft in northern part ol Star Range has a (corrected) K·Ar age of 
21 4± 0.6 Ma. In a sample from exposures a sbon distance west 
of WIid Blll mine In north.em Star Range, K-Ar ages on biotite of 
24.6±0.9 Ma and on K-feldspar of 27.6± 1.0 Ma have been 
obtained by H.H. Mehner!, these ro,;ks are interpreted to be 
O~gocene but having isotopic ages that are apparently younger 
due to early Mio,;ene heating rel,ited lo «mplercement of deep 
plutons associated with Blawn Format,on 

Brecda pipes (Oligocene)-Pipelike bodies ofbreccia cons,strng of 
angularlo rounded clasts of adjacent country rock embedded in 
a matrix of rock fragments and powder. Pipes near FrJsco 
commonly are alunltlzed and slllcified , and pipes near Ca.:tus 
min" (fanher to nonhwest) commonly are mineralized with 
copper and iron sulfides and other minerals. Only larger breccla 
pipes are shown 

Granodiorite porphyry plugs and dikes (Oligocene)-Small plL.ttons 
of greenish- to pinkish-gray granodiori!e porphyry in or near 
contact rnne between Cactus stock ITgd) and Horn S tiver 

Andesite of Smngham (1967) near Frisco. Except for the,r 
d istinctly porphyritic texture, these plutons are min«ra logically 
similar to granodiorite of ·cadL.ts stock, but they are 1munger 
bodies because some of them dLSlLnctl~; crosscut parts of that 
stock 

Grandiorite (Ollgocene)-Pink,sh- or lavender-grey, medium-gramed 
granit ic ,ock. mostly granodiorile but ranging from quartz 
monzonite to qL.tan2 dionte, containing phenocrysls. as much as 
5 mm In length, of perrh itic K-leldspar, ol igodase -andesine , 
quartz; hornblende, biofae, and locally, diopsldic augite. Pnncipal 
exposure is in Cactus stock, apluton a boll! 2 km in diameterwith 
several apophyses and a few dikes in southern part of San 
Francisco Mountains. Another large plu!on is In southern Beaver 
Lak« Mountams. Under the microscope rocl< has a distinct ive 
hypidiomorphtc·grnnulartexture, and contains accessory apatite. 
zircon, sphene. rutile, and reliltively abundant magMtite In 
addition IO th« abov«·l1s t«d major constituents B1otlte from 
Cactus srnck, according to Lemmon and others (1973. p. 24) ., 
has a (corrected) K-Ar age of 28.7±0.7 Ma H.H . Mehner! has 
obtained K-Ar ages of 31.8±1.l Ma on K-feldspar and 
31 .2±1.1 Ma on biotite from a sample collected on dump c,f 
lower haulage tunnel c,/ Cactus mine 

Horn S ilver Andesite of Stringham (1967) (Oligocene)-Hetero
geneous. medium-gray to redd1Sh-, purpl,sh-, or greenish-gray, 
medium-grained porph1:rltlc lava fluws rangmg m composition 
from andesite to dacite and quartz latire: most of formation 
consists of medium- to th,ck·bedded lava flows that have 
autodastlc margins. Phenocrysts make up ~bout one-third of 
rock and include plagioclase, hornb lende, and lesser biotile and 
aL.tg:ite in a glassy to very fine grained matrix ln area north of 
Horn Silver mine, some of these rocks have been propyllTized, 
argdh2ed. and silici!ied (Stringham, 1967) Thlckn«ss is reporte d 
by East (1966) to be S72 m. but um! is l<no1J.'ri to exceetl 700 m in 
some e><ploratic,n drill holes. Age 1s uncertain; according to 
Lemmon and others, (1973). mi rie1als from a sample of 
porphyritic p<,•rosene-hornblende-biot ite ·'andesite·· vitrophyre , 
presumea to be Horn Silver Andesile from southwestern comer 
of Beaver Lake Mountain quadrangle. about 3.2 km north
northeast of Hom Silver mme, yielded (corrected) K-Ar ages 0 / 

31.6±1.0 Ma (plagloc lase) and 35.0±1.0 Ma (hornblende) I Andesile of Shaumie Hills (Ollgocene)-Heterogeneous gray, 
black, red, purple, and brown lava flows that are rarely vesirnlnr 
and generally contain less than 20 percent phenocrysts of 
plagioclase, augite , and lesser orthopyroxene in a /1ne-grained 
matri~ of the same minerals plus magnetite and locally glass. 
Appears correlative with andesite flow member of Escalante 
Desen Format,on (Best anti Grant. l 987) which Is widely 
expQS'?<:f in rnng'?S !9 we$!, where it h~~ a st,atigraphically 
constrained age of 34-31 Ma. Jn map area some flows near top 
of unit additionally contain sparse phenocn,'sts of hornblende 
and (or) t>lotite. Near top of unit east and west of Long Lick 
Mountain. latltic lava fiows contain more than 20 percent 
phenocrysts of feldspar and biotite and sparse pyroxene. Also 
east of long lick Mountain un,t conla,ns local andesjtic d ebris 
flows and a layer of th,n-bedded green sandstone similar to 
Beers Spring Member of Escalante Deserr formation (Best and 
Grant, 1987). Typically, andesiles of Escalante Desen Formation 
contain about 58 percent SiO,. Thicl<ness of andesi te of 

l'-,JI 
Shauntie HLl ls locally exceeds 600 m 

Conglomerate of High Rock Pass area (Oligo<:ene)-Heterogeneous 
conglomerate contamrng pebbles, cobbles, and bou lders of 
limestone, quanzite. and other sedimentary rocks ln a red
weathering, fine-grained matrix of sandy siltstone oi" shale Un.it 
represents soil and rubble zone that overlay the sedimentary 
rocks at time of first volcani, eruptions in general area. and It 
compositionally reflects the varied lithologic characteristics of 
local source rocks. Named from exposures near High Rock Pass 
rn adjacent Beaver Lake Mountains quadrangle to nonh where it 
Is lo,;ally mole than 1 00 m th,ck; however, thtckness in map area 

"" 
,s probably less than 10 m 

Navajo Sandstone (Jurassic and Trlassk?)-Llght-gray, buff, and 
white, medium- to line-grained, thick-bedded to n:,assive, friable 
sandstone containing some pink to red layers and zones. 
DistingL.tished by large cuiving crwsbeds of eolian ongin. locally 
pl\rts of forml1t10n are slllcified, forming a dense quartzite that 
may be con/used with Early Cambrian Prospe.:t Mountain 
quartzite. which is not crossbedded, or with Early Permian 
Talisman Quartzite, which Is crossbedded but which is coarser 
grained and tends to weather a much darker hue. Maximum 
thickness in Milford quadrangle i, about 300 m but top is eroded: 
in ad1acent ar"as complete sections are as much as 700 m 

- thick 
Chlnle For mail on (Upper Trtasslc)-Upper pan, which Is 15-130 m 

thick and may be equivalent to Petrified Forest Member, is 
mostly red to brownish-r~d. thin- to medium-bedded s iltstone 
and shale contam,ng discontinuous beds of red, orange, and 
buff-colored sandstone and thin layers of red-weathering. chert· 
pebble conglomerate. lower part, wh,ch is 15---75 m th,ck and 
probably equivalent to Shinarump Member, is chiefly pebble 
conglomerate containing well- rounded clasts of chert and minor 
quartzite in a sparse, generally silicified matrix of sandstone, 
sLitston«, or shale . fragments of sLlicif1ed wood are common m 
some area,. Section,; ,ang~ from 25-200 m thick 

I 

·J Moenkopi Format ion (Early Trlasslc)-Consists of four members 
that are not differentiated on map : (1) upper red member: (2) 
Virgin Llmesrone Member: (3) lower red member: and 
(4) Timpoweap Member Upper red member is approximate ly 
400 m thick and consists predominantly of grayish-green and 
brownish-red, fine-grained, platy, ripple-marked sandstone. 
lntmlayered with sandstone are some thm and massive beds of 
limestone and a few beds of coarse-grained sandstone. Upper 
r"d member is probably equivalent to combined middle red 
member. Shnabkaib Member, and upper red memb~r of 
Moenkopi Formation in southernmwt Utah and northern 
Arizona (Stewart and others, 1972). but these members as yet 
hac·e not been differen tiated in Milford area. Virgin Limestone 
Member is about 30 m thick ~nd i• composed ol light-gmy, 
med,um- to thick-bedded, chen;: bmestone Most of chen occurs 
as medium-sized. dark·brov,m nodules, and locally limestone Is 
streaked with thin layers of sand grains In some areas, limestone 
beds are separated by thin beds of brownish- to greenish-gray 
siltstone. Lower red meml:ier is about JOO m thickani:l consists of 
brownish· to grayish-red siltstone and lnterbeds ol rlpple
marked, brownish-red shale and sandstone Timpoweap Member 
about 200 m thick. rnns ists of basal chert-pebble conglomerate 
1-15 m thick and an overlying heterogeneous uni! compwed 
of interlayered dark-gray limestone. red, green. and gray 
siltstone and ,hale, yello1J.'ish sandstone, and thin lenses of 
gypsum. Cephalapod Meoekocer~•. a foss;l charactenst1c Of 
Timpoweap Member in type area, occurs about 70 m above 
base 

Kaibab Limestone (.Lower Permian)-Mostly medium- to dark-gray, 
medlum·bedded, moderatelycherty limestone Upper half orso, 
which may be equivalent to Plympto n Formation of Welsh 
( I 97 3], also contains some interlayered thin-bedded, dark-gray 
dolomite and discontinuous thin lenses of phosphatic mudstone, 
sandston~, quartzite, minor ~psum, and massive chert or 
jasperoid. Complete sect;ons range in thickness from 100-300 m I Pt!) ] Toroweap Llme5tone (Lower Pennian}-Medium- 10 dark-blue 

~--- gray. medium-bedded. cherty limestone and subordinate dolomite. 

e, 

Upper part contains much silty and sandy limestone, some limy 
sandstone. and at least one bed of gypsum that is typica11,, 
leached away at surface. In middle part hmestone beds are light 
gray and common ly phosphal ic. In lower part of formation beds 
are silty. dolomitic, and commonly cherty. Outcrops ,n Star 
R~n9<1- lire prnb;,b]y northernmost recognized exposures of 
Torowe,,µ Limestone. Thickness 115-125 m 

Talisman Quartzite (Lower Perm!an)-Ma,sive, crossbedded, gray 
to pink orthoquanztte that local];., weathers dark reddish brown. 
Commonly highly fractured and develops thick accumulations ol 
talus. Locally contains lenses and beds of limestone and gypsum 
at base and near middle. Thickness 70-225 m; the cons,derable 
variation IS probably due to elimination of parts of formation on 
bedding-plane faults 

Pakoon(?) Dolomite of Welsh (1973) (Permian) and Callvute 
Limestone (PeTmian and Pennsylvanian}~ Cydically bedded 
limestone, dolom,te, and sandstone or orthoquartzlte; lo.:ally 
mostly cheny dolomite In upper part. Limestone units are 
medium to light gray and streaked with silt and sand; dolomite 
units are darker gray. commonly cherty, and somewhat thinner 
bedded; arenaceous beds are gray lo light brown, fine grained. 
and commonly crwsbedded Perm,an foss,l, have been reponed 
from the cberty dolomite beds in upper part of formation and 
these bedS have been identified as Pakoon Dolomite (Welsh, 
1973). but because of hydrothermal alteration and metasomalism, 
Pakoon is not readily distinguishable from Callville. Relatively 
complete sections of the two formations are 150---450 m th ick 

Formation of Rose Spring Canyon (M ississippian)- Largely 
medium- and dark-gray thin- to thick-bedded. locally sand
streaked, cherty, fossiliferous limestone and subordinate dolomite. 
Gray, medium·grained sandstone beds are common in middle of 
unit . Unit 1probably eqL.livalent to Deserel. Humbug, and Great 
Blue For!Ylations of East Tintic Mountains, Utah (Morris and 
Loverrng, 1961). Thickness about 140---360 rn 

Monte Cristo Limestone (Mlsslsslppian)- Upper one·third is dark
gray, thm- to thick-bedded cherty limestone. Lower two-thirds is 
medium- to dark-gray, thick-bedded. medium-grained dolom1te 
and subordinate li mestone. Both units locally are bleached and 
recrystalli,ed. Probably equivalent to Fitchc·llle and Gan:lison 
Formations of East T1nt1.: Mountains, Utah (Morris and Lovering. 
1961). and Daum (base) , Anchor, arid Bullion (top) Members of 
Monte Cristo Limestone of Goodsprings quadrangle, Nevada 
(Hewett, 1931). Thickness in Star Range Is about 150-200 m 

Crystal Pass Mernbu of Sultan Limestone (Upper Devonlan)
Chiefly medium·gray, thin- to medium-bedded. argi!laceous 
limestone: somewhat darker hued In upper half. Base Is locally 
marked by discontinuous lenses of coarse-grained. buff-colored 
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quartzite probably equivalent to Cove Fon Quartzite of Crosby 
(1959) Upper half or so also has yielded fnsslls characteristic of 
Cyrtnsplrlfer sp.-Paurorhvncho endlichi faunas of Pin~·on Peak 
Limesto ne of East Tintle Mountains and thu, may be slightly 
\.'Ounger than Crystal Pass Limestone Member in ,ts type area In 
Spring Mountains. Nev Thickness in Star Range is about 
75-125 m 

Simonson Dolomite (Middle Devonlan)-ln areas where it is not 
pyrometasomatized. mostly medium ro d~rk-browmsh·gray. 
medium bedded, sugary•textured, fet id rlolomite contaming a 
few thin beds and at leas? one th,ck bed of gray to brown 
quartzitic sandstone. Baer (1962, p. 32) assigned all or part ,o 
the Gui lmette Formation, bL.ti the brownish color. striped 
appearance. and abundance of dark-colored dolomite beds 
rnntainingAmphipora serve to tdent1f',' formation a, Simonson 
and indicate a significant unconformity at top of formatmn . In 
exposures near Shauntle s ite and Moscow and Mowitza mines. 
large parts of the fo rmation have been bleached and recrystal
lized to dolomite marble. Total thickness is 120-300 m 

Sevy Dolomite (Lower Devonian)-ln areas where It Is not 
pyrometasomattzed. ch,e fly medium- to light-gray. medium-to 
thick-bedded, dense to faintty lam,nated dolom;te . Basal part. 
which is exposed about l km west of Hoosier Boy mine, locally 
conta ins thick b«ds of coarse-grained quartzite. In exposures 
near Shauntie site, vinualJ;, entire formation is converted to 
white marble. Total thickness is uncenain but probably 150-175 m 

Watson Ranch Quart2ite (Middle Ordovician)-Remnant patches 
of massive, medium-grained white, buff. and light-gray quartzite 
in southern San Francisco Mountains; may, however, also 
Include some marbleized Crystal Peak Dolo mite Exposures near 
Loeber Gulch are bleached to brilhant while. About 95 m 
thick 
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Kanosh Shale (Middle Ordovlclan)-Dark-bro'-"nish-green shale 
containing rare. thm lenses ol gray sandstone and brown, platy 
limestone Shale beds commonly contain graptoliles. Exposures 
near Loeber Gulch are all dark-brown horn/els . Complete 
s,x,11ons are 30-150 m thick 

Pogonlp Group, undlvlded (Middle and Lower Ordovician)-In the 
southern San Prancisco Mountains, strongly bleached and 
recrystalll2ed th in-bedded suala lying between Kanosh Shale 
and Notch Peak formation are believed to repres«nt the Lower 
Ordov,c,an HoL.tse, FUimore, o.nd Wo.h W~h Limestones and the 
M,ddle Ordovician Juab Limestone Reglonall>· these are mostly 
thin- lo medium-bedded. gra\,' to blue. silty and argillaceous 
limestones containing local beds of limy flat-pebble conglomerate. 
Complete and unaltered sections of these formations In adjacent 
areas are 650--750 m thick 
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Notch Pe11k Formation (Lower Ordovician and Upper Cambrian)
Gray to wh~e, massive to thick-bedded, locally cherry marble 
and recrystalliz«d dolomite underlying central pan of Grampian 
Hi ll in southern San Francisco Mountains. Strong contact 
metasomahc alteration precludes recogniUon of its constituent 
members Thickness appears to be approximately 500 m 

Orr Forma 1lon (Upper Cambrian)-ln southern San Francisco 
Mountains, appears to consist of two members listed below; 
however, the additional upper or Sneakover Pass Limestone 
Member may have been included in basal part of marblelzed 
Notch Peak formation 

Steamhoat Pass Shale Member- Dark-brown to gr~y-green, 
weakly metamorphosed, thin-bedded to fissile shale; locally 
contains tribolites. About 33 m thick 

Big Horse Limestone Membu-!ncomp!ele section of medium
to dark-gray. medium-bedded dolomi11c limestone, irregularly 
bleached and streaked with in outer fringe of contact zone o f 
Cactus stock. Exposed beds are 335 m thick 

Paleozoic strata, undivided-Highly bleached and recrystalhzed 
carbonate strata of unknoum fonnational aflinmes. Strata above 
thrust fault In southern Rocky Range are considered by Welsh 
{1973) to be Cambrian(?) dolomite. Intense ly marbleized 
carbonate rocks in general vjcimly of Vicksburg mine 8 l<m 
southwest of Milford are probably of Permian and Pennsy lvanian 
os• 

Contact-Dashed where approximately located: some Quaterna",' 
contacts shovm as solid are approximately located 

T --- --- High-angle fa ult- Dashed where approximately loC<t ted: dotted 
-·-,--·-·· where concealed; groups of three dots where inferred and 

concealed; bar and ball on downthrown s,de 

8 

Thrust fau lt-Dotted where concealed, sawteelh on upper plate 

Strike and dtp of beds 
Inclined 

Horizontal 

Overturned 

Strike and dip of compaction foliation in welded tulfs 
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