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EXPLANATION 

Qal I Alluvium. (Holocene end Pleistocene}: Unconsolidated, poorly SCJrled fluviatile deposits consisting of gravel, sand, .and sil t in channels and flood 
. plains of the present draine¥e system 

Landslide debris (Holocene IU\d Pleiirtoeenc): Unstratified, bet.ero¥eneous mixture of soil and anlfUlar rock /higments resWtin¥ from bedrock 
failure on overst.eeP9ned slQf)eS; typified by hwnmocky topography 

1:-;.<·cigff{. =-~~-·1 Glacial depos:it8 (Holocene and Plei&tocene): Un.oonsolidsted, unBOrted accumulations of boulders, cobbles, sand, and silt. Includes IBteral 
: -· ·• · • · ' -' ·- ✓~]moraines developed ,on upper Granite &ulder Creek I Ta I Volcanic 11.Dd sedimentary rock1111 {Miocene): Predominantly gray to black, locally vesicular aphanitic basalt, basaltic andesite, and sndesite 
•· -----~- flows with minor amounts of inter-bedded tutraceous sediments and welded vftric tuff. The nows are predominantly pilotaiitic to byalopilitic 

augit.e-bearJng basaltic fHJdesites .and andesit.es correlative wit.Ji the Slnlwberry Volcanics of Brown and TMyer (1966). Wheeler (1982) repor-b, a 
whole-rock K-Ar age of9.96 m.y. on a sample ofth.is unit from sec. 21, T. 11 S .. R, 35 E. 

Gravels (Oligocen e-Eocene): Poorly consolidated deposits of graver, sand, and clay. Loeally overlain by basalt of unit Tb. Composl!d mWnly of 
p:re-Tertiary rock fragment.a. Extenaively worked for placer gold in some areas 

~----'---'-', 

I Porphyritic andesite (Oligocene-Eocene); Dark.-gray to gray porphyritic andesite. Composed predominantly of pLegioelMe pbenocrysta in a 
~--T-•--~ ho/ocrysts/line groundmass of feldspar 1md pyro,ccne with a few medium-groined diorite ,cenolith!;. Locally intrudea rocks of unit Tv1 (WhHler, 

198Z). Fngment8 of similar andesite occur in tuffaceous mudflow d6posits a short distance east in 86C, 2, T, 10 S,, R. 34 E, Wheeler (198Z) reports 
a whole-rod: K-Ar age of40.06 m.y. for this unit, which probably represents a IOCtil vent 

~----~j Basalt and basaltic endesUe (Oligocene-Eocene}: Predomfoantly blade to dark-gray, fine-grained porphyritic holocrystslline oliv;ne b&salt 
~ --T_ b __ ~ flows. The unit includes flo\113" whlch underlie, intcrfinger with, and overlie voJconidustic rocks of unie Tva. Unit include.Y tlistinctivc quuru 

amygdule 0080.lts south of the Morning Mine (50) 

l~;-.~~1•-~•-,".~j Volcanld.astk: rock!! (Oligo<:ene-Eocene): Predominantly volcanic. ~udf1ow bn!CCi~ dtipoaibJ (lah Hl"B) wil"h irregulBI/!_ intercalated t~aceous 
•----~••- ~J boulder amglomerates, bedded tuffs, and tuffaceous sandstones and s!ltstones. Also includes local lavs flows of aphamtic and porphynt1e platy 

andesites. The valcanfclast.ic deposits typically are poorly «mMlJdated and «mslst. of poorly sorted, subl't'Jtmded to subangul.8.r volcam'c rock 
fnigmenU in ii matrixfJff~laic va}canic It$, &lnd, and flilt. Rod. fragment.i are predomimmi.ly porphyritic. dark ¥gmy, light-gniy, and browni.sh-red 
pyroxene end hornblende andesites with ama.tler a.mounts of dacite, rhyodacite, and basalt 

Tuffaceous sedimentary rocks (Oligocene-Eocene): Predominantly ssndsWne which geners.lly is deeply wf!Bthered and iimonite stained. 
Includes QJffaceous conglomerate and breccia composed of altered volcanic rock fragments. ln many e.lJ)OSUres the rocks sreseridtfaed and sHicified. 
Dissemfoated pyrite and Jimonite .after pyrit.e are oommon. Rock.s ofthjs unit are unconformsble on rocks of units KJI and 11 Pa .snd are overlsfo 
by quartz-11mygdule b.tiillt of unit Tb. Age of unit Tb um:erl.!tin. ContainB frilgments of felilic volamic rucks- believed U> be ,urrclativtJ with unit 
TYi. Correlated with Cretaceous rocks in the Quartzburg area to the southwest (scc. ll , T.12S., R. 33E.) by Brown and Thayer (1966) and 
Wheeler (1981) 

intrusive rocks (Lower Cretaceous-Uppei:- Jurll88ic): Chiefly equigranr.rlar and porphyritic hornblende and biofite quartz.diorite and gnuwdior
ite with smBll amounts ofdiorite and norite. These rocks are simi'Jar to those or the Bald Mountafo Batholith and are therefore assumed UJ be of 
about the S8Ille age. Many dikes of porphyritic quartz diorite not separately mapped cut sedimentary rock.Y of unit 1' Pa on the slopes of Granite 

,-------, Boulder Creek in secs. 21, 22, 27, and 28, T. 10 S., R. 34 E. 

1 Pa I Gla8tic l!edimentary :rocks (Tria.ssic(?)-Pe:rmian): Predominant/)" artrillite and sandstone with small amounts of con&lomerate, chert, and 
~----~ limestone. Coarse-grained rocks inr:lude chert-pebble conglomerates; polym ictic sedimentary breccias containing fragments of metamorphosed 

gabbro, diorite, chert, greenstone, and !!erpentine; and poorly 9Qrted lit.hie wackes composed of c:hert, argillite, and sandstone fragmentlJ in an 
argillaceous matrix. Sedimentary rocks of unit 11 Pa are in depo8it.ionsl contact with tectonic blocks of gabbroand greenstone and with serpentine 
in several places, e.g., near the Roberts Mine in sec. 21, T. 10 S., R . 35 E., and at the head of Lost Creek in sec. 34, T. 9 S .• R. 34 E. This and the 
presence of gabb.ro, greens tone, and serpentine 11-agments in the sedlment.ary breccias and conglomerates indicate that disruption of the ophiolite 
tem,rn e ffither pl"OOated or was underwily during depo!Jition of um't 11 Pa . PHult blocks of unit 1' Pa 11ppear to be illtl'lrporated i'n aerpentinite 
matrix melange in sBveral plsees. Mullen (197.8) report.JJ Early Permian (Leonardian) conodonl:8 and Early Permian (Wolfcampian) fusulinids from 
a limestoM pod immediately west of the ,quadrangle boundary on Granite Boulder Creek. TheEsrly Permian age conflicts with e11Ilier correlations, 
bal,ed on lit.ho logic and strat.igruphic similan"tfos, between unit "1' Pa and roe.ks of Lat.e TriBBBic snd Jurassic age W the south (Browa snd Thayer, 
1966; Wheeler, 1976). The E:arly Perminn fossils may be exotic IQ unit 11 Pa and may have been derived by .sedimentary reworking of older 
limest.ones which had been previously incorporated into the underlying melange, Thus, the sedimentory .rocks could be as young as Late Trillssic, 
and melange Rlrmauon may haw:' occwred tn trw ~arly 11.r Middle TrI1:1sslc 

Opbiolite and associated rocka (Trie&sic(?)-Permian-pre-Permian (?)): Rode units below unit "1' Pa in the Time-Rock Chart. are litholog:ie 
subdivisions of il structurally chaotic terrane in which the rocks have been SfJ fr~gmented and displaced by tecWnic pn:.:esses that their original 
strafigraph.ic succc,ssi()n is largely indeterminable. The metamorphosed scrpcntinite, g:abbro, and maiic volcanic roduJ are in terpreted as an 
ophiolite which theoretically represents ancient oceanic cm;;t. The more tlllicic vo.lca.nic and intrusive rocks mny represent younger magmatfam 
perhaps related to island-arc volcaniBm. The chert and argiUaceous rodes are interpret.ed as repre86nting ocean-floor sedimentation duriag: and 
after format.ion of the ophiolite. Theoretically, the development of the ophiolite assemblage involved contemporaneous plutonic, volcanic., and 
sedimentary processes which extended over a long time inttirval. A vailablti fossil and radiometric age data indicate that most of the rocks are of 
Permian age, but older Paleozoic and younger Mesozoic rocks may be included 

- Epidote•amphJbolites: Foliated opidotc amphioolifo derived from g:abbro nnd mHfic volcanic rocks. Metamorphic minerals include green 
hornblendeJ epidote, s.{bite, and quart.z. Rocks of this unit are characterized by a well-developed foliation and tightly crenulsted folds -

-
-

Met.a,.-olcanic rocks: Basalt including pillow lavas a.nd dikes, andesitic and dacitic flows and tu/Is, volcaniclaslic conglomerates and breccias, 
argillite, snd chert .sli met,,w1orphosed to the greenschist facies. Rocks exposed on Vinegar Hill an, mainly fine-grs.ined, green to greenish-gray 
felkic (andeBitic?) Dow.ii WJd luffs intim:lll1:1ted with chert, silic~ 8..I1[illite, l:llld fuwtlt. U}Cjjjly the vc,Jc.anit rtx:ks ill'!:! in truded 1t11d honifel9ed 
by sm1// dioritc and qunrtz diorite dikes (unit PgbJ, e.g., near t.btJ s ummit of Vincg:a r Hill and in the NW¼ sec.. 33, T. 9 S., R. 35 E. West of 
the Liftle Giant Mine (11 ), lbe volca11ic .rocks include weJJ-preserved amygdaloidsl pillow basal ts which locally contain relict titanaugite 
pbenocryst.s. Similar appearing: pillow basalts in the Greenhorn quadrangle to the east contain intercalated limestones with reported Permian 
conodonts (Mullen, 1978, p . 120). R«ks of unit Pmv are llnt.,.mfurmebly overlain by 11rgillite of unit 1'I Pa on the east side of Vine pr Hill 

Met.a.murphMrect llltrudv,e rue:ks: PredominilnilJ" metamorphosed pbbro and ditirite with iluOOn/inate 8/J:lfJUnts ofpymxenit.e, q!Mlrl.2 dlorlte, 
diabase, and albite granite. Numerous teJctural variations are present, including large masses of equigranuls.r quartz diori/:e .and diarite on 
Vinegar Creek UJ secs. 31 and 82, T. 10 S., R. 35 E., snd near the Bi-Met.sllic Mine (34); eoarse-gr&ined pyroxene g.abbro near tbe &lmont 
Mine (63); and strongly tecwnized pbbro and ampbibtJlit.e aqiacent t.o argiWte near I.lie Morris Mine (16). Includes smsll diabase and porphyry 
dikes ocsr !:he MorTis Mi"ne (16) and in the NW¼ sec. 3l, T. 1D S., R. 86 E. Rocks of several different ages 11na origins may be included in the 
unit. Perhaps the pyroxene gabbros, tectonite gabbros, a.rn:J pyroxenites represent ancient oceanic crust, a.nd the quartz dforit,es repre~t e 
you.nger subvolcanic sequence. A lead-uranium age of 243 m.y. has been obtained from zi.rcons in fl similar-appeBiing quartz diorite in the 
Grnnite quadrangle to the northeM;t (Brrx;k$ and othe~, 1982b} 

Serpentine. and serpentine-matrix melange: Predominantly gree1I or black serpentfoite and serpentine-matr;x m,Hange in which small 
t:ecronic blocks e,nd a/ices of greensWne, gabbro, chert, argiJWe, and epidott:Mt.mphiboli~ are suspended in B ma.trix of ahtiartld serpentine. 
Exccll,:ne eICposu.res of scrpcnfin.ite containing blocks of meWmorphosed gabbro, basart, andcsite, dacite, and argillite can be seen in secs.. 8, 
9, 16, and 17, T. 10 S., R. 35 E., near the head of Snow Crse./r.. Rodes of this unit are unoonformably overlain by rocks of unit 11 Pa in the 
Greenhorn qusdrangle to the east (Ferns and ot.bera, 1983). Similar melange in the Aldrich Mountains W the southwest is unconformably 
overlain by Upper Tria;;;,ic $edime-ntary ll)Clu, (Brown ,;nd Thnyl;!r, 1966; Dickinson and Thayer, 1978) 
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MAP SYMBOLS 

_?_? ___ Contact- approximately located. Queried where location is questionable 

Fault - bar e.nd he.II oo downthrowo side 

J:._ Strike and dipofbedaor lava flows 

-+- Strike of vertica.l bed 
1

~ Strike and dip of foliation 

-+ Strikeorvertical fol iation ,, 
■ Mine and prospect location - numbers correspond to numbers in Table I 

"I:® Source or rock sample for which chemical data are given in Table 2 

...!:t_ _ _ _ Quari-2 ~in or sheer zone, ahowing dip where known. Dashed where approximately located 
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MINERAL DEPOSITS 

H.C. Brooke. and others 

Funded in part by United States Department 

of Agriculture - U.S . Foreat Service 

Gold and silver from quam veins and placer deposits have bef;ln the major mineral products of the 
quadrangle, which im:ludeE! the west.em part of the Greenhorn mining disiriet. Small amounts of copper, 
lead, and zinc ha\·e been recovered as byproducts of the gold and 8\1,,.er mining. One mine produced a small 
amount of mercury. DoUa:r values of production preMenLl!d bere and in Table l are based on metal prices 
at the time of mining. Known mines and pr()Spectl! are located on the map by nllillbers that correspond to 
those in Table 1. Because of time cornrt:rain ts, mapp"ing traverse.a were as rnU(;h aa h.a.lf a mile a part., and 
it i8 like ly thtlt many amaJJ veiru, and proepect excavationa were not obacrved. The historical information 
and data on individual mines.in the followingparo.grapM are largely from Lindgren (1901), Swartley {19 14), 
and BMOks and &limp (1968), 

the late 1800's . The mine was active with small production in 1980-1982. The main vein .at the Tempest 
consista of a shear zone up to 4 ft. wide ln which strongly sericiti:r..ed and kaolinired granodiorite is cut by 
lenses and stringeni or quartz with 11rsenopyri te, pyrite, sphalerile, and tetrahedrite. The vein strikes N . 
35° E. At the Bi-Metallic (34) and lntermountain ( 14) Mines, vein mineralization in metagabbro and diorite 
oonaists of pyrite and silver-bearing tetrahedl'ite with little other- sulfides. Quartz 11eins wi t h molybd~nite 
locally fill joint.a And other lilm1dl fradures in quart.z diorit.e (unil KJI) in the Sunri!e Butte-Den Hanison 
Peak area. Scheclite occuni in quartz stringeni and veinleUI in hornfel&ed argillite at the Thornton pros
pect (66) , 

Total valuo or gold and s ilver output from the mines in the quadrangle hil8 btren 11bout $725,000, with 
much of the production being in silver. The total placer producti,;m i1:1 believed to have boon relatively email. 
Over half or the recorded productiQn ($425,000) cruoe from the silver and gold ores at the Ben Harrison 
Mine (5}. 

The lode gQld and silver production baa been from narrow, steeply dipping veins and minerafo•.ed shear 
tones developed mainly by underground workings. 

Minerali:r..ed quartz v11i11J:1 were d isoovered in the vicinity of Sunriae Butte and Ben Ha:rrison Peak in 
the l 870's. At that time t he town of Greenhorn waa near Dupratt Spring. The veins in thi1t1, area are 
characterized by relafo•ely high silver t-0 gold content.ii or the oree. They occur in quartz diori te and 
granodiorile (unit KJI) and in acljacent bornfelsed host rocks including argillite and as.ndatones (unit 'I Pa), 
gabbro (unit PgD), greenstone (unit PmvJ, and serpentine (uni t a p). Metallic minerili are mainly pyrite, 
araenopyrite, and sphalerite wit.b minor local ooncentrations of galena, tetrahedrite, silver sulfides, and 
gold. M08t of the veins stri ke northewtcrly. The Ben Hamson Mine (6), wh.ich operat.ed intermittently 
from l913 to 1937, hH a rt:<:unled production of about $426,000. The. Ben Harrison \"ein is a north-striking 
ronl8 orbre~iated quartz diorite up to 21 ft. in width. The main ore shoot wa.e a lentirular zone: ofbre«:luwd 
and silicified quartz diorite with lenses and stringer$ of $rgtnLiferoutt tt11.UiOOe, all cemented by late-stage, 
barren white quartz. The c;,re miner11ll!I in(;\ude pyrite, nn1enopyrite, 5Phalerite, etibnite, tetrahedrite. 
pyr11rg}'l"ite, and stepbanite, The ratio of silver to gold varied from Ei: l to Ei0:1, and the value of gold extracted 
from the mine approximately equaled the val ue ohilver extra,;u,d. In 1917 the mine produced 977 ounces 
of gold and 22,534 ounces of silver from 4,600 tons of ore. 

About $250,000 in gold has been produced from small mine11 near the headaofSnow Creek a1id Vinegar 
Creek in T. 10 $ ., Rs. 34 ttnd 36 E. Some oft.he OOtter known properties ure t he. Momi ng (50), Snow Gre<L!k 
(43), 1.1nd P rsyc:he (46} Mineri,. Gold oecu.~ in small., loc1.1lly high-grade lensoid oro shoots in diw::mtinuoue 
fractures in and along the contacts of gabbro, greenstone, and argillite blocks in ser penti:Je. Mineralization 
characte:ristically conaists or pyrite, chalcopyrite, galena, and free gold in a gangue of white q1.1arl7. (ind 
carbonate. Little information is available for most or these mines. The Psyche (46), Snow Creek {43), Bantette 
(41), RQberti, ~60), MorninJ (50J, Diadem (46), Worley (40), 1;1.m;I Winrl3or (47) (lr'e ti.I I credited with smal l 
production.a. The Snow Crttk Mine (43) is reported to have produced about $52,000 during t.he period 
1902-1905. Mineralization O(Curs in a fracture zone along a cont.act. between argillite on one side and 
serpentine and gabbrn on the other. The vein strikell from N. 60° W. to W. a nd dip!! 50" l.o 75° S. The vei n 
varies from 2 to 10 ft in width with large amounts of barren white quartz and lenses rkh in galena, 
chalcopyrite, a nd pyrite. Stringers of drl.U'Jy chekedony and carbonate also are preaent. At the Morning 
Mine (50), quartz veins with free gold, pyrite, chalcopyrite, and sphalerite occur 8.1:1 fracture fil lings in a 
northeast-trending quartz diorite porphyry dike along the contact between greenstone and serpentine. This 
depoait waa. discovered in 1893 and has had a total production or about 820,000: 614 ounces of gold were 
recovered from ore ehipment.s in 1903 and 1941-1942. Gold to silver ratio Willi about 1:3. 

Mercury 

Among the earlier producers in thii. area, the Mnrris Mine 06) is credited with a production orll5,000 
il'I .silver and $3,44.JU in gold in 1891. The Tempest Mine {28) produced about l8tl tons ohilver-gold ore in 

About lhree flllak.e of mercury were produced [roru the Para.mount Mine {42) at the head of Snow Creek 
in the l940's (Brooks, 1963). Here cinnabar occurs as scattered g rai~ and impregnations in chalcedony 
veinlets tn sheered serpentine. Cinnabar olsa reportedly is associated with pyrite in an east-trending shear 
zone in greenatone at the Diadem Mine (46). 

Map Ml~e or Ouartllr 
no. prospect name "8C1lor. 

1 Kiogstor> lode. part ol SW 
Portland ConMlid&ted 

2 Sil...if Kin~. 1),11,rt of Portland SW 
ca□s,:>ldated 

3. Smu1Xjl8r GrOUp SE 
4. Smugglllr G~ SW 
5. Ben Harrison NE 

6. KlngTtn ~ 

7. Namaunkmiwn NW 
8 Sterling NW 

9. Redstone SW 
10. Amazan? SE 
l 1 Little Giam NE 

12. $j"'°' Tip G<Qup NE 
13 $jlYf!r Tip Group NE 

14. lnlaimountlllr-, SE 

16. Mom,. n,orrt.J,g tunnel SW 

17. Pndllof~loton SW 
1S. Tlge, SW 

19. Naroounknown SW 
2{1. SlMlf aan CPQl<l•~ /Ni 

21 . sa.age tPo!0911 PHI 

22 Sllw,r H~ltap SE 
23. Name unknow<'> se 
U. Fly,"ng Dutchman, NE 

Cart>ona11 Gr1>1Jp 
l/5. Carbona1e NW 

26 Chlorlda 

'17. Bowmt!n (Mot,bOenlte) 
28. rempeS"l 

30. Name 161known 
3 1, lu(:JG•OIIP 
32. Lucy Group (Vrla11ar Bnln) 
33. Chrome prospect 
3'1 . Bl•MetaBlc Umrlnslc) 

35. NQffill unl<nOwn 

3i! NMM ullkflowfl 
37. Nama un known 

~ - Name un!<nOwn 
39. Nama unknown 
40 . WodO!lnGr.,er'llorn! 

41 . eanzena 

42, Pil~oun1 1Go1Qen FlffQll) 

4.3. SnowCrffk 

u . Sanner 
(!,. Diadem. Ollndle 1-!Qrw 

,e;. Payct,a 

,1. Wln~Klf 

48. kij Qlrson 

49. Name !17known 
50. Morning 

5 1. EarltAktlardsonGroup) 
52. Ludo.y Strik&-Big Elk 

!Ultle Doe] 
63. Nart11t unk<'IOWn 
54. Lady Bug (Bull&r) 

5S. Thomtcn protped. 

57. Name unknown 
sa . N11.""' unknown 
~ - Slack~k 

"·"°'""' 
61 . l\reig,,rplaoar !Sa~erplacer) 
62. Moh,.wlc 
63. 8"1morn 

1>4. Name unknown 

65. Name unkllO'Ml 
re. Aken prospec:t 

or. Nall\<! tnmOwn 

IJ~. Name ur>lu"lown 
71). Mama unknown 

71 . DJlsy, l).Brtot VhcMtCrffk 
Gold and C-opper 

72. Best pan Ill' lllncen1 Creek 
Gold and Copperl 

SW 
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SW 
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SE 
SW 
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SW 
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SW 
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Tablll 1. MINES AND PROSPECTS IN THE NORTHEAST QUARTER OF THE BATES QUADRANGLE 

TOWMl!IP Ra1111a 
($oU1h) (Eas-t) 
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,0 
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,o 

" ,, 
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'" 
,0 ,, 
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" 

" ,0 
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" ,, 
,0 
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,0 

,0 

,o 
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,0 
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" 3S 
3S 
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" " 
35 

" " 
35 

35 

" 
" 35 

35 
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35 
35 
35 
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" 
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'·""' , ... 
0.000 

6 ,,00 

'"' '·""' 
!o,8-10 
S,920 
e..o,o 

7.• '11 
7.28-0 

7.200 

'·"" 
,,,., 
,.uo ,,.., 

7.120 

7.31l0 
7,~l;t 
7.1),10 

'·"' IS.IUD 

'·"" ,.., 
7.4?!0 

,,.., 
l!l .080 

,,,, 
"" 
'·"" 
s,,oo 
S,241l 

'·"' 
S,200 

S,000 

'·"' 5,520 

'·"" 
5 ,-4-41) 
5,C41) 

5,1!140 

, .700 

5 ,1W 

'·"" 
5.260 

S,000 

"'" 
Pgb. sp 
'JoPa. sp .. 
YIPa. sp 
"JiPa,sp 

OWi ..,, 

l\P1. KJI 

l.Pa. KJI ... 
KJi 

"" 
l<JI 

"'' 

Pmv. P,;ib , .. 
op, "11Pa .. 
Poll. sp. 
~ .. 
,p 

"' "' ., 
PmY. sp 
Pnw. sp 

Pmv. sp 

" 

" ., 
" 

sp. Pmv 

•P~i•rv· 

l<Pt,KJi 

sp. KJI 

Tg?.Oal ... ... 
"Pll~t· ... ... 
op.Pmw 

Ip, Pgb 
op, Pgb 
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Geologic description 

2-l'l--..i<I$ quartz vein will, pyme. a,senopyrite. galena. 
arid Spllaklfiu, lnhomfeb&d ar~llliU,. Sllike1 N. IS" E. 
4-1!,wlde c,uanz 1'4Nn in ~om!etsedargl li1n strl~as 
N. 15• E. 
Ouaru. vein with su\lidfli, 
Qvart, •eln wilt> alr~k• of pyrtn, strl•IIIS N. 
B<KClaz,;,n11upll.l :nv,11....io.ln9nmodlcirit1 atr1kH N. 
3" E. and diPS <17 ° E. Sa<icil:iz9d bfe,ccia and gouge 
~ememad and ~utly r eplaced by quanz. Mlriulil1-
inclua.a calcita. P'.(l"ila. slillf'li1e. chalcopyrila. sphalert1e. 
pvrargyrM, and ,rtept,anite 
Ou11rtz v~ with py,itl! tl'ld !ttrtti&dr'rte in llol'nlalMd 
-grllfln,,;one 51/i~M N, 10" E .. dips ll5" W, 
GosSlln wne ln !littcif~ ~gabbro 
.JO.ft-wfda llmooltic quartz-ar,;iJllffl bfeccia zone with 
druey quanz s"8s N. 30• e 
Limonllic •h$11f >one with qulltU and Ilk; 

In ar\jllliite and serpentine 
Zone-of cfU9h9d arglll~e up to W1twklewiln Wlnger1<,I 
QU!lrll end t)otry(li(bll cl\l:lk:&llQny 
1-tt•wiae quam YfHn in c,uanz ISolttl str1iw1 N . 40" E. 

!il~~.WW'~e quartz vein In hornlelsed argilUe 

1 0-11-r,ide zone ot sillclfllld f1i1bbrowlll1 quanz stmgers. 
llmontta . and copper sulfides abikM N. 20· E. 
8recdatlld <J.Llrtt velru; up 10 15 in. in widtll culW',Q 
pyri te , lr$$11«)yrl1a, flllhi,lw! la , gallna, and 1wahecl111ii 
sUike N. 35° S:. 
Tt>ree no<111-1rencling quartz veins wi1h pyrite.. arseno
p~. spll11leril11. gail8n8. 900 1.,rahedt~1 
tn l"IOrnfelsetl argi l il<I and Umflstooio 
Ou.lrU velnlets w~h e <:ienQP¥rite. pyrite . sph1Jeri1e. 
chalcopyl'U. fltld Mtrtheod(iM 
Ouanz vafn witll ~n~e 
7hrei, quartz ""' ins .,.. ith pyrite. a•nnopyr11,. end 
ie1rahedrita In gnonodio<ite s1fike N. 20" E. 
au.iru vain v.ffl1 DIIIH~ pYrlte, al'HflOllrrtte. ,;ielena, 
ana 5pha~itl> ,nquanz djonte llnd tiorntelsoo argl"rw, 
Threencrt/Jeast-slrMing quartz veins 
Quartz vein with mo¥x1ente 
Owlru •tin In. gr&nodiofila 

Coml)<1Si!a quartz .,.,,Jn with pyrite . spfialerila. and ar
senop1nl1t lo hom1el5ed ultraffl!llic;s and granodk::ritt 
slrikH l'.. 50" E. 
Ouaru vein with arsenop~1,, P)'•~e. sphalerile . ind 
galena 
NonhtilSl·Slriklng QUl'IIU veln!o,tl! wlthmotyt!denlte 
NOrthau1-s1rlking q,.,ar12 ,a,Jn s with "11rahadrlre , 
sl)haltritfl. pyrite , and arsaoopyrtte 
~-It-wide qy.1rti vein wllh □111s1!ve ?\J"Titl!, eh1Jcopyritt . 
1e1raht~rlte. and 11atana <n hQmffjwi;l liltlllli t& airilci,~ N. 
60' e. 
uinonltlc zone In sUlcffied fflfl111118bbro 
Umonltle Q!lflrtl vein with GIJ.k:11$ 
In sarpenffne and ar&Hlite 
C'-vmite pOd ln serpentine, 
Tw0q,.,.artl' •GIMwllh pJ'"ite. arsenop)'l11e. tetfahedr!M. 
<:h•ICOplJ"Ti1t1, ;a.1"'1a, and sphalllrikl In metirnofphosed 
-qlJMIZ dlorlte, ar1111tta. and Hrpentlnfl. Some molyb
denltt1 dlsSt1mlnated In w.111 rod<$ 
2-11-~ imoni~ QOf.1911 u:ne wi1h talc Ind -quartz in 
s,upenllrwi sbi<es Iii. 75• E. 
.c'iouga '°"" 111 _p,1.,lir,e • trikes N. ISS" \Y 
Llmc,nl!lc 9"'-'99 tone wllh o=uarti ,nr:i car:,or,11, In ur
pentlr>e s1n kes NE 
limDnflic talo-cllrbon&tezOfftl In serpentine 
Oullllu vei'I I~ IJlff!lSlone 
U monillc bn,ccia ZOM with qu1ru in grN<te1onti 

0uart2 vein with cha.loopv,ite and galena In 18.ICOM sar,.,,oo 
l lmori"lk: ch81C8ClOnic qveru sJnnge~ with ,;:inn&~r 1n 
58,p&n~r>e SIJllm NW. 
Umt:l(jtlc gouQe l""9 In sarpentillfl with qUlll"U. 11](;. 
calbor>aw. Qilan.a. and aialoopyrlla 
Ouartz v.,..., with doloml!e slriku w. andd~ S. 
Oulll'U "'9ln \\1th l'ree gold. d1111,;,opyrite. and pena vrith 
tak: nnd C11rbonate !"1 serpentil"M! s11ike5 W, 
°"'1-r'l? vein wilt> tr9e goii;t, chak:op'/r!H , •pha111<1ta.111c, 
end cartlonat& suikes NE. 
GOU!)I! Ztlfl.ll with IOJn!eS of chalooPl'ritl!, QUBrtz. Cllrbon· 
ale. ar>d lillc s tnkM N. n · E.. dips S2" NW. 
Go,.,oe zones with talc and cart,on11.1a strike N. ,55• E.-N. 
65' W .• dlp 50-•.70• N. 
Gouge zone wttt, (l!W1t 111 a,erperi.-,e a/Id <;)r~ 
auanz -dia1te porphyry <like wilh nenow q.-tz vllin1 
conla lnlng p~rlte. eisenOP'fl'te. sphalerite. ar.d chal• 
,:,opyrih! sirike:s N. 45° E .. dips 36°-75 ' NW. 
Llmo,,ltic~ zon, wilt'> qyartz erttf cak:ita 
Ouanz Stt1fl{l("S in arglAil,a 

Pylitlted dloo'~e o:Jka In sl»ciP>ed ar<;)llllts 
MessMI quen z veir-, w ith pyrHe, arsenopyr lte , and 
h!11.ll>edr11e Wike,, NE. 
ScMtll1&-bEl11lr,g quaru 11titlg,er't ln nornlelMd ar,;i llite 
eod q\l!IMZ dlo<lt~ <likes 
Sii cilie<I por,Jhyritlc Quartz dio<lte dike with disseml
na1ed c;t,a1,;c,pyrlle and qUllrtr •fllrlllllll fr-, hornretaed 
ultrarrqf~ 
Talcose gouge 7o:>"18 In llom1else<l ,..trama1>c,i 
In hcr~lalsad "1r8n\Sfk: rodts 
FrQQ gold In narrow qyanz llnd googe m~ars 
G<l1t11a zone alOOII i::onte.tt ~n serpenti~ aod geb
bto cla&t ~flrnttts comalnll km• ol quartz br&Cda 
wi!l'I dOIO/l'lite, ~aler,a, and (tlalcopyriN Vd r.1rilcos N. 
70' W ., dJps 40 NE. 
Reiwor!<edTe<tlary !T9vels 
Quartz valns ln sllaarad NNaceous arglUite 
Quartz valnle111 In shtlartid arglllte 

Umonillc gouge zone wilh tile and quartz alon<;j contact 
De- gabbro ar.d 54'lrpen1Jne s1r1kH 'lllf. 
Ouanz "l'Bln5 11 strongly homle!5-ad 41g l li~ 
Quartz -ain with p1rHe. galena, and chak:opyrlte In 
nornlalMld argUlita 
S ilk:llltd and Mrldtlltld tuffactlOUBNnd81"'1tlsandcon
,;ilom, rataa with some dh,,amlnatod pyrrt. 
3-11-wide gouge zoo, wl111 quaru: strlnge,s In hotnft!IS&d 
ut1ram1flerocits lill!d grNn~lonas Hnktls W. 
Ouartz ,1rnger11 r, ,nellllKI ~rpen1ine 
Fault zoo, wit/I sMared M<pilnline and a'9:IM0 In meta· 
gabbr<i and dlllrlla 
Chlorl1k: gouoe Kll"M!ir Ir, lirrll:ritle end l!llld'-d mau,
mo,phosad q,.,artz ~oma and gebb<o. Ch•l~yrlte 
,sported 
Taloose QOUII" Z<J<1tl In serpentine WlilH w, 

Al!FERENCeS 

Surf""" an<J/0( undwgroundworklngs, 

Two a~lt11tolllling abou1 500 ft 

Two aditstctllling nbou11SO ft 

Shallowstiah 
300-h ad.Und 30-h M\811 
Mgra 111,n 4,000 tt <i1 worklniJJ In lwl.>•-::nu, •nd 1111ft 

snallow ~s 811d anon aditt 

ShnllQw[lh 
-40().ft .-lit and sllllllow prospect pits 

Short adh 
300-ft .-lit 
O,ar 1, 100 ft of wo,kln(p- In rw,:, adits 

Open Cll1 on ad adil 
Open cu111on two Old .1dits total BbGU1 600 It 

Old fldi1 a/Id MYeral lilrll'f n,rw opllll CUH 

125--ft crosscut "'1th dtlll.'l 

400-tt C10$srol with drltu, 

Shott edit 
Two sh<;>nadlUI 

neoo11e, 11n<1 pit:!. 
Two t<iU IO~lng 350 h 8nd 8 fhlllowshalt 

7~-11:.A<Jlt 

Shor! • di! 
Shortadit 
Shallow tranehls 

300-lt .1dit end prosp&Ct pits 

Shott ad~ 

SI\Ort1dit& 
Seeeral short adtls 

Thtff tditt 

TwoaMrtadill. 
200-11 ..:Iii 
100-11.aodlt 
Sh1low pit 
3.500 11 01 a-ow:,.m, and drttts on three itlvttls 

S110rt adll 

PrOl!lpec:t plts 
Shanadlt 
Four ahaftlr wlttl lbout 600 flol-o<lllngs 

1.000-11 adh and 100-ltshalt 

.. .. ... , 

Small 

Pas1 production 

ESL S6.000 + 

Smell 

Smell ·-Eat. 400 tons ot Uvar <lr8 

Small 

.... 
•= -~· Unkl\O<lln 
:Small 

Unknown 

,---~ ,........, 
Unlo:;nc,wn; 3.000 1one ol 01e 
repo,tedfyshlpped In ta ts 1800-'s 
E,L $5.000 

1,300 fl ol dr!tt11. a 1.&oo-tl cronc:ul. an<! a200-tl shalt $52.000 ~n 1902-11l05-

I 9().ft ShAfl wllh 600 ti o1 <lrtft!I 
550.tt adit &nd ehalblo shalt 

1,400 ft on two lllllts 

30(). ft 1haft 

Over 500 fl ol w<>fkings 

JOO.fl ad~ 
Ova< 1.300 fl ol' w.,rl,;lng• oritwo IIOY411t-

200,h adlt 
30CHlldit 

100.fladit 
Sllalbw shah and 300--lt adH 

Short lflil Ind P,O:Spect plll 

Open c~ts 
Shor! aoit 
Openc~ts 
AbWl 5l;tQ ft In fo,i r adlt$ 

$(1-al ACf115 mined 
Tranc!Ms • .shallo w sllaH 
Two e~ tdits, u•nches, thllllOw sna1t 

40-tl shalt and 100-ft IKl1\ 

Short a(l;1 and nncho 
Short adl1 

QjQ ad~ w~ nawopan curs &nd tr..nchb 
Prospect pit 

Est S90,000 

Smr,11 

Smail 

,...,... 
E11.S20.000 

,_ 
•= ... , 
Smell ; "$10 ,000 rrcm 1urr1ca _ .. 
"""' """' $9,000 lrom 5ur1ac,a pockal In 

"" Un~n"""" 

Unknown 

•= 

Small 

"M 
Tw<l 1tw.lltlW sh111ts. !W<l BLlts. and I UOiSCUI IIA1t.el unmowri 
tatailn9 at>o,,,t 1 .500 It 
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Table 2.. CHEMICAL A NA L VSES OF ROCK SAMPLES• 
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• All anat~u b'j X-m1 nua,.,so,,nce at W...s~fl{ltoo Stale IJr,IV9rsity, Pullman, WH~>"l!llOfl, unotlr thadlrectloli ol Pt11ar Hooper. "'1ei)'HI ara normallnd en• "0latlle-lrN b9olb., •n<I tatal F• ls expresHc:l as "-,0:JF.0 el n a,blttt,rtly !lltld re!io. 

An ~umbers are In w-1ght parcer,t. 
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Geologic Cross Sections 
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The substlrtacs representatlon ot the ophio(ite 
and assocla1ed rod. 1J11rul in the cross sections 
is largely schematic. 
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