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ABSTRACT
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CHAPTER 1
| NTRODUCTI ON

Lithocaps are | aterally and vertically ext
argillic-alamdear giolclkkiscf ormed in genetic assoc
(Sillitoe, 1995, 1999, Hedenlgoacap @&ktteadati dm® 9]
by the condetnesnapteiroant uorfe hmagghmat i ¢ vapors into |
sul-thteri de waters-havinh9t pfHf vadar,s DI87A; GCi g
Rye et al ., 199 2;0 1H3;d etheqdue nsgt u iasntd alred aAr, r i2b as,

host roc

(7]

k occurs as most chemical components
for silica which remains qaacammohl gebas maesud
texture due to preferential alteration of phe
fragments in volcaniclastic deposits (Steven
Lithocaps compriquiaagaezoonemoaf yvbggyen because
cntent of magmatic vapors (Hedenquist and Arr|
the highly altered rocks by miner atlsiuzifngdaltiigu
epither mal deposits (Stof fHoe deeny, elt9 87 ;. ,He2doeln7q;
and Arribas, 2022). Being able to distinguish

as defini

> 9

g the |l ocation of t Rhey durpoftlhoew nzaoln el iog

within a it hoscsdpulareex pkd eoyr atta osnucdooea t his depos

The | ate Eocene to Oligocene Southern Rock
Col orado provides a natur al |l aboratory to stu
petrographic, mineralogical, and geodchemical
l ithocaps. Summitville in the-sRIldtiadradi oal ckern d
deposit in the Southern Rocky Mountain volcan
smal |l with am nestriematugatuepdosishe26 @ e@P@B@i t preserv
vertical r a ,sguer ffarcoem etph & hreeranra | mi neralizati on

(Enders and Cool baugQGr,ayl %8n7d; CSotdablefbfdrkeggheent 918948, 7,;
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Early studies on Summi tsvuillflied anteiroen keepyi tihne rdneafli

deposit type (Patton, 1917; Steven and Ratt ®,
Vv

1987) . Several ssrhalple dpditipdgatoir o c ha pnintelye r ma | depc
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n 1990, 1992; Bove et al ., 1990) . I n 1987,

il holes to detefrmicrhe attheerextieomt adf Rtelde Molu
e existence ofepaospat eretlioaMd tphoer mhoynrey od i nt en
90, 1992; Bove et al ., 1990) .

The present contribution summarizes new pe
ill core from Red Mountain. Research on the
aracteristics of this apparantég bareehofggt
'l as hyper speicdternatdirficyar ieoss ainmi algt e oati on 2z
vestigations invietanngngpeieatambicansccopyeqp
nerwemgyconducted t o ecampalle nseurrtv etyh ea nhdy pt eor sdpe
aracteristics of the intensely altered rock
ne to the porphyry environment. The present
thocap is Heyiobdrbahgteevetats that differ f

gni f i-scualnfti dhatgihon epi thermal deposits.



CHAPTER 2
GEOLOGI C SETTI NG

This chapter describes the regional and di
addition, background igfvovermaei chapheRedl| Moupt

overview of the different deposits occurring

2. 1Regional Geol ogy

The Red Mountain | i t-herctaipariys 3 owtah eerdn i Rio d ky
volcanic field thavolcuwmeriigreism®Rr5i tteo s3M0e d tasr gaen ¢
( Furge. Li; pman and Ba\Wohlntaannni,s n2 0iln5 )t.he Sout hern RO
volcanic field occurred between 38 and 23 Ma,
(760 Ma) igneous rCoocnkzsal (elsi,p he0nlPo)@ OB &r n Rocky |

volcanic field originally covextéenainngrfemaomfs
Col orado to nortuwrer; Ndaw pMaxi,c 2 00Fi) g

Vol cani smisncabhgad mbg i-sttey Ifd acroenutpi nent al ar c
rel atbd-btaelkl| of the subducting Farall on oceani

continent and associated r esadjdwsttmemt (fLi gmaa ,
Best et al., 2016) .

Vol canism in tMeuBtoaitmerwnwolRoakiyc fi el d begse
i gni mbr it @33 eMau pftreodm 3c7al deras in the Sawatch F
Mountain Tuff was depoerbdeédatatdéra BaoWveomh:.
bat holith andef ofrimesdd osnegnaffi cant 1 gni mbrite s
vol canism migrating southward through the Saw
formed in theuB2nl)lualnarageeai gnFiingbri te erupti or
compl ex in the southeast San Juan region devel
i nt er meodnpatsa Al «dal € dleavasgbbti vity at 28. 35 Ma an
Juan and Uncompahgre calderas { ampgpmaoml| etanals m,
depositing vohymkettic dabifl ow sheets continu
City caldera in the 2WaPttenuwk - BartVbadkmnarzd@atat v



associated with the extension oaf2tlh;e Ri o G
Li pman and Bachmann, 2015). Small scale silic

flows occurred as | ate as 15 Ma (Gonzales, 20

2.2Lake City Caldera

The Red Mountain |ithocap is | ocated at th
the western part of the Southern Rocky Mount a
cal der a ocZxMarPréen katu -©2.3 .allh.e, L2ak2l City <cal der a
ol der 28.4 to 27.5 Ma Uncompahgre, San Juan,

I nitial pyroclastic eruptions frabamrgéde Lak
scale caldera coll apx3Ma( Boamek et &tu nglh2 o @2 PExla)k
Tuffformed during the eruptsi eammpfostelle olfak érr @iet
di ff edmtw amsetmber s t hat record eruption from a
(Hon and DBi pmhe,| a®@8r member of t-diel iSauar srhh yel i
(76 wt %m&n lOing initiation of the pyroclastic
meters and accumul ated within the concurrent|
was caused by successsidveep opsyirtoicnlga sftiircs te rtuhpet i300n0
of the SunshhimembBesakdiTvufdieeddi st bnct pumice typ
silica rhyob)itand 786 matf.i% SiyCachlyd eug ®Bébr wre b i
Sunshine Peak Tuff marks the final eruption f
and i s a quarot zwttoy% cShiydt e ( 67

Resurgence of the Lake City caldera occurrtr
pl uton -¢altdbernatfrial |l . Doming and uplift of mor
central part of the ring fault (Bove et al .,

A thick succaelseadbaapbfepbavas was deposited
volcanic activity. Theseagi@rcaatfyeboobeaiynr €6:
wt . %) Si Ohe | avasdaodGedaosmey Mdunthaei n predate a
resurgence and accumul ated pri mgrBiolvye ea&ltomd .t h
2001) .
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Figure 2.2Geology of the Lake City caldera and location of other mineralized areas. The doted square is the area of interest that
includes the Red Mountain lithocap and the monzonite intrusion of Alpine Gulch. Map modified from Mehnert et al. (1979), Hon
(1987b), ad Bove et al. (2001).



The | ast i gneous activity wit heinmp|tahceefnieankte
t hseubvobdaeaante of Re6d6 Motuin% adhadO (AG i ne Gul ch qu:
mo nz on4i6t8e wW(lt6)R aJiohg t he northeastern (aBodveeast

and Hon, Bbg@thedulsaveckesar |y identi caleliesnoetnotpi c
chemistry, mineralogy, and phenocryst texture:
source (Bove et al., 2001).

Pal eomagnetic studies suggest that the tim
City caldera was probablReymnmltdise et gpthderc | sfii 6B®BO)
geochronology conducted by Pammk-span abul 28
even shorter than 220,000 years.

2. 3Regi onal Met al |l ogeny

Regionally, the Red Mountain |ithocap form
mannyi neral deposits, includingndosiplgfir¢gatMioon ep
epither mal deposits, al kal-rieleateed( Vdhebpsaosail tasd € p o
Sims, 2003) .

The Red Mountain |iwdlekdapwed porcuited oithi.
Rocky Mount ai nfhevdlakaeniCda tfyi eclad.dera as well as
Juan, and Silver mamympaolrderndas oaree dre@wtsittas. Mos

Sunnysi de -3 wltfeir dnetdii hmiricad d pacxaitted o fo Rédd NMown thavie
within the Eureka grabenTli€astedeplay!l dappi O mo ¢

Sunnyside deposit extend vertically for ~ 600
2100 m (Idasaandde vh mot o, 1977). Between 1902 and
over 6.2 million metric tons of ore for a tot
Ag. Il n addition, 252,000 metric tongiacf tdhm,s D

Cu were prodaesgyd. (Bartos

Hi eslul fi dati on epitheomathldimpe®ys tasp dsavoagurp
Mountain andAmnwiel OMoar ntPresatkwe st atf tRreae rMorutnh vaa :
and sout hwestern margin of thel®01,)eRuwmnharclal d
Burbank aghd6QueBkehd®73andGaeeradle0sl 7a)n.d TLhaersseo nd e



are spatially associated with | arge zgnes of
1969; BaRwd79t. al
The Lake City district encompasses much of the eastern and northeastern rim of the Lake
City caldera and the older Uncompahgre caldera (Slack, 198@¢raintermediatesulfidation
vein systems occur near Red Mountain. This includes the gumstzmetal silver sulfide veins
at the Gladiatomine, the chalcedonic quartz Alg-Ag telluride veins at the Golden Fleece
mine, and the Black Crook mine, all of which are located to the east of Red Mountain close to
the northern end of Lake San Cristolddle UteHidden Treasure vein was the most productive
vein system in the Lake City distridbcated to the north of Red Mountain (Figure 2.2). In
addition to the intermediatgulfidation veins, one highulfidation epithermal deposit, referred to
as theGolden Wondemine, is located within the Lake City district. This deposit is located east
of Round Mountain near the shore of Lake San Cristobal (Kalliokoski and Rehn, 1987).



CHAPTER 3
MATERIALS AND METHODS

This study is based on the diamond drill core that the U.S. Geological Survey recovered
at Red Mountain in 1987. The only complete a@maining is the ~85@-long drill hole LG4
which is stored at the U.S. Geological Survey Core Research Center at the Denver Federal
Centerin Lakewood In addition, a ~15@n-long section of drill core L& is preserved, which is
also stored at the Denver Federal Center. Limited core samples from the hdlemd@ C3
were available. Initially, the available core was logged in detail to record thbuwlisins of
lithologies and alteration styles as well as variations in alteration inteBaityples cilected are
identified based on the drill hole number and the meterage the sample was collected down hole.
In additionto drill core logging and samplingeld work wasperformedat Red Mountain to
gain additional insights into the different rock types occurring and the distribution of alteration
styles.This includeda collectionof representative samples (Table 3.1.).

A total of 40 polished thick sections (60
samples to study textural relationships and to determine the mineralogy of the altered volcanic
rocks. Petrographic investigations were conducted on a Nikon Eclipse PglLOptical
microscope in transmitted and reflected light. Fgmained textural relationships were studied
using a TESCAN MIRA 3 LMH Schottky field emission scanning electron microscope at the
Mineral and Materials Characterization Facility in the Departhof Geology and Geological
Engineering at the Colorado School of Mines. The instrument is equipped with a TESCAN
motorized retractable annular, singlg/stal YAG backscatter electron detector and a Bruker
XFlash®6]|30 silicon drift detector for energiggkersive Xray spectromey. Semiquantitative
mineral analysis was performed at 20 keV, a working distance of 10 mm, and a bean intensity of
11.

Automated mineralogy analysis was conducted on selected samples. Samples were
loaded intaa Hitachi field-emission SEM SU5000 platform and analysis was initiated using the
control program AMICS. An energy dispersiverdy spectrometer from Bruker acquired spectra
from each point with a usetefined resolution. The resolution w2a@mm at 100x magnification.

An acceleration voltage of Z&V and a specimen current of 65 wareused during analysis.

Interactions between the beam and the sample were modededit Monte Carlo simulation.



Theenergydispersive Xray spectravere compared with spectra held in a lagktable

allowing a mineral or phase assignment to be made at each acquisition point. The assignment
makes no distinction between mineral species and amorphous grains of similar composition.
Results were output ihe AMICS software as a spreadsheet giving the area percent of each
composition in the lockip table. This procedure alledcompositional mapto be generated.
Composition assignments were grouped appropriately.

To determine the distribution of alteration minerals in drill chyg@erspectral core
scanning was conducted.HySpex core scanning system equipped with a SWIR 384 camera
was used to scan holes iICand LG4 at the Core Research Laboratory in the Department of
Geology and Geological Engineering at the Colorado School of Mine. Hyperspectral imaging
was performed ovea spectral range of 932500 nm at a focal distance of 1 m (pixel size of
770x770mm). A calibrated SphereOptics 20% white reflectance tavgstscanned at the
beginning of each section of core. In addition, higbolution scanning was performed on
individual samples at a focal distance of 30 cm (pixel size of 250x250The white
reflectance target was scanned prior to each-tegblution scan. Following data acquisition, the
hyperspectr al data was processed using a cust
and classified with the USGS Material Identificatiand Characterization Algorith(Kokaly,

2011).

Due to the similar hyperspect rMuls croaveigtoen s e s
illite have similar patterns and were, theref
guartz is hyperspectrally inactive in the spe
were treated as bei ngeruenxcploassesdi frioecdk.s PFauerrteh etrrneoa

Six representative samples were collected from the drill holes and from surface outcrops.
These samples were submitted to ALS in Rétreparation method PRER was used, which
involved crushing of 70% of the material to less than 2 mm grain size, riffle splitting to obtain
an aliquot of 250 g, and subsequent pulverization to 85% passingm 3igve. The obtained
pulps were analyzed bye assay (AvAA23) and multielement analysis (method NVES61L)
involving fouracid digestion and inductively couplpthsmamass spectrometrirhe detection
limits of the Au and Ag determinations by fire assay were 0.005 and 0.002 g/t, respectively.

To constrain the age of-benamiema@l sda@pinesn , ( L @&
and-4h€1M8) were submitted to AIRIE LLC in Fort

10



initially separated from thetispmed es!| awi Ige ad
precisely weighed amount of molybdenite was t
aqua regia and a ¥R&WBs'°AGsmoxumltutoifommi xMalr key et
spi ke to allow correction for common Os and O
di ssol ut i esnpiakned esgaumiplliebr ati on for 12 h at 2400C

cool ed and RreeminadpEOsgtwed.e @smi um was recover ec

from the solution in the Carius tube into HBTr
contrast, Re was recovered from the inverse a
chromatograparyat ©®©hceRs and Os were | oaded ont

compositions were determined by negative ther
Fisher Scient-Od idcatTa i waosn.blAdhnk Reorrectsads, wittl
of the two samples from Red Mountain being Re
wi t1"fO0&f8s ratio of 0.45 N OsPkPgmaAl evdhtafi snce
uncertainties-Osemagretse d 5fed rd dtelady hReonst ant uncer
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Tabl e

3. 1.

Li st

of

surface samples collected as part of

Coordinates (WGS 84 13N)

Sample Easting Northing Altitude (masl) Visual Description Rock code

HSLC-01 0296497 4210189 2776 Heterolithic dacitic volcaniclastic; matrix showing  Tse
broken crystals anquartzcrystak, hornblende, and
biotite; almost leasaltered; millimetersized quartz
veins; stratified (308azimuth; ~18° dip)

HSLC-02 0299776 4206083 3002 Andesitic todacitic crystal tuffwith broken Tcr
plagioclasegrystals;partial eutaxitic texturecrystals
are<0.5cmin size some quartz crystalash matrix
weak kaolinite alteratigrstratification 95° aimuth,
15° dip

HSLC-03 0294882 4204682 3486 Dacitic partial seriated texture with euhedral to Tldg
subhedral and broken crystals of sanieahegioclase
(<2 cm size crystalshornblende > biotitesome
quartzcrystals; lornblende replaced by magnetite ar
hematite tracesnatrix isaphanitic

HSLC-04 0294772 4204854 3503 Similar to HCSL-03 Tldg

HSLC-05 0294712 4204901 3507 Similar to HCSI-03 Tldg

HSLC-06 0294671 4204843 3525 Similar toHCSL-03; moderate clay (kaolinite) Tldg
alteration stronglyoxidized

HSLC-07 0294655 4204814 3509 Similarto HCSL-06; weak quartzlay (kaolinite) Tldg
alteration partialy oxidized

HSLC-09 0295069 4205403 3706 Polymictic breccia containingubangular to sub Phreatomagmatic
rounded fragmentsome clasts showuggy quartz breccia2
alteration;quartzalunitealteration of matrixwispy
juvenle fragments

HSLC-10 0295040 4205443 3730 Crystal tuff cut by brecciagjuartzclay (xalunite) Tsp/
alteration Phreatomagmatic

breccia3

HSLC-11 0295092 4205645 3809 Dacite lavawith flow foliation; alunite inmatrix as Tldg

guartzclay-alunite andnfilling fractures

12
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Table 3.1 continued

HSLC-12b

HSLC-13

HSLC-14

HSLC-15

0295085

0294972

0294936

0295148

4205667

4205742

4205697

4205233

3811

3803

3768

3579

Heterolithicbreccia;goethiteandhematitein matrix;
crosscus Tldg (HSLC-11), moderatey magnett
Similar toHSLC-09 but lower proportion of clasts

Breccia with minor heterolithiragments broken
crystals, finegrainedmatrix; matrix-supported; song
quartzalunitexclay alteration

Boulder containing up to 15% quartz phenocrysts;
alunite replacing plagioclase; groundmass replacec
quartzalunite

Phreatic breccia

Phreatomagmatic
breccia2
Phreatomagmatic
breccia2

Dacite intrusive

13



CHAPTER 4
RESULTS

This chapter summarizes all Ilithological d
as the petrographic obser,saanonsgnnezdecttapmpadypt i
automated. mimher il ondiyngs acrressssutmmams$ zelowisn g e wl
di stribution of rock types and alteration sty
of hyperspectr alr occokr eg esoccahnenmincga, | wahngalreyds R o f S

Os geochronol ogical wor k.

4. 1Lithol ogical Units
Based on outcrop inspection and core | oggi
Red MownThe ndi fferent | ithologicadeatniiamn iamr e s

Figures 4.7 andTHhe8folrkopwengs@writtys oinn.dmmcrce i dhet

411 Het er olluiftthi c

The hetteufofl isgaarvteanii i ea rfidsa gonaernttl sya mweged defd . maf i
fragmentpgs esent .f rTohnme pthuafnfe rviatriicest o aphanitic wi
(primarily plagioclase and hor nbil ®wmfdte,clway h s
altered (kaokharagdgretminaleldy btyo muhe(yRibgurda zed |
4. 1l1Ag aasltt ered rocks are stidermaghyndvel dE€de da
stratifi aai noofhOhthAasa selthd [ dbfio82 0 Aeu imMiht coul d corres
the upper Uncompahrgefeerordeatdye rlai prearure,mahté €ahl .i s( 1 ¢
estimated to bM lolviemez&@0 Bm tqgluiack z veins with
4. 1B)i dveenmiei t heuwnottht se north side of Red Mount e

412 DaciCt ysTud If

Theacitic crystal tuff 1 s a partially wel d:¢
matrix of dacitic crystal tuff/ash tufile. It i
fragments and crystals that are up to 0.5 c¢cm
crysamdisgetwgrfainreed ash matrix (Figure 4. 1C, D)

14



alteration on the eastern side of San Cristob
stratification present with an azicmwtshuaadf 295
may be equivalent to thEBgrR7whi Ma Car géot emet Br
|l ocated above the Uncompahgre Caldera (Lipman

4. 1A8-kRl ow Memb8&8tmreshi ne Peak Tuff

The -RAlshhw Member of t h(€s;®Bunpmamsg BAO&bBgmuked
some ismtoertval s 4n wdreirlel i h o lf @ rnmGe ral asyeegrueedn cdea coift
fi-goeaicmgdt @8dme udf .t he b e sdte papxhasBBI7e  rFalcglrlrle ant
4. 2AThdni.torwiagi nal | yL idpensacnr a(bB8dv éb)yand Honrn (1992
sout mMRedt Mol mt &iome, the pyrocl akaolki nocé& akt e
with di ssemi 8@ame elr aplgdr ¢ 1 eaol tveuggegayr t z

4. 1DdclLawa of Grassy Mountain

Thdacit€ #ighhavd andxHoem,dsl SP2)t h and east o
FI ow biandobooglly preBleatdddbiwge me par3 Apl seriat
euhedral to subhedral pl agi oc hasTeh ea npdh esnaonci rdyi snt
range up to 2 ¢cm in size. Hor nbl eMafemigpnheer mad csr y
such as hornblende ad®craé¢plyabedaby tmagiddti ge o
(Figuré&@hd.88¢i te -alst emdestiwlew @alne det argi |l |l i zed in
subvol canRed ddae.urnltera iotih eofc eRé¢ d aMo tpmél aaivaec | a fe
Grassy Mamurnteaxgterdpubaa It zcil g a.l t erati on

4. 1SGbvolDcaacnitce of Red Mountain

This study could not veirntfoyussitne Rreeas Mouat @
suggesBoevde baynd Hon (1992).

Duri ng woundflaacaet i ¢ i nt r uisd evret if fl @& WHEEK was
420523t3NMn elz2vatmamplB@-CI) Thecdaedipbpto 15%
euhedr al gwiatrh zt te yplt agisocl ase crystals being
matrix of the @luamitzé6Fivgsesral 8 eBE€Y. t o
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Dacite dikes contain <40 % phenocrysts, in
The rounded nature of the phenocrysts is |ike
Pl agioclase crystals range from millimeter to
the aphanitic matri x. BoveeadddlkdededrSaeébrled Bd ) srheofr
intervals of the dacdi.t eT hwee rdea coibtsee rivse dc hianr ahcotl eer
purple col-aftewhede( Fegate 4. 4A).

The daci tceo ngoari4n@ipigy n o,a reyf £trgTeddb gt oBawe and Hc
(1992), is the predominantl onfacbpseheedot br w
this unit. fThedegpidepbodbwssdic awighdyinen assoc
grainethagéée@ésgnrePhesaBecr@picsmissodirodi@ded and
broken asmgiiadii wmeylsaa@phiani tic matrix (Figure 4.

I n addition, a sparsely phenocrystic daci't
pldtgke intrusion. The dacite having a compar a
Tdby Bove and Hon (1992). The sparsely phenoc
porphiAyWyPn( surfiaceparsely phenoalrpesitt eBadei t e |
and Hon, 1992).

4. 1B6ecci as

Baseduowac& and drill core | ogging, severa
i denti fi ed. pThhriesa tionntal gurtiaet div Istishbela egcroaaianseed c | a st
supported breccwas Odhbhsdsrivelercltd ms sitgplpee bartci a

unitlt T s$snpochawmict sruvdbagd!| aont ad g stédhats hav3e0 bee
previ oushrye ad it g efdn df grnaegnnbeapltr §) Juevre.nc T etsanb 6 r i x |
overpriqunioellapyal neda tLiChant.h 216l memr ous gray silic
fragments ewsit pedni kIskr met nuncated by alhs® brecc

o
(@]

curs as-6dé&épni gar614. 5B, 4. 1dbAxiunbBmeastsoeinki nat e

—
>

e brreisfori agmeontad i 0 Wp Dwe t o broken crystal:

-+
-

agmemmtivs pwi tithetxherrbker ecci phreat egmagmhetdiutce be
Thephr eat omagmratiiscgabafiercreet amaptor it xd ch akr e¢cecomnita i n
popul ati diretefr ot aBMsS cbr ecci a awa so ugsbasmept Bree@ i n
097 hel ast s diaasewdben ghurl ea ot owdistdhb t he fragments be
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affecduwdaltbyo v uggyaaltdazteidJounveni | e cl asthavara abun
Owi spyo6 texturset(fhigeain eaedl. NGt rDXc wy $Thhaeb s o k e n
breccia matri x hasatleaey (@Okaealpirdintt@hdd dbyuedc ¢iea al
may correl ageawinehl,t matfimesuppowea eadnd rHocnci a
(1992However, the presence aofp har e autvoamaiglimea tciocmp ¢

Thecdphireat omagmati g &dmeeadnmmaetfd hnpported br ec:
formi ngdidkSmsali ncdi k &6 pwee<rle0 ocbns e r vaetd 002n%Aa5sAM4rOfEa c e
42054a4837N8mas| . The di kes3hahe a0 ilhgEi obfrtare noefd
mat-supgppbdrtdadisaaady brmuat rcioxa3 amm sjs idefldea g ment s .
Similar vertiobaslerhreeaclk ®ad r aé¢ dibetiBd mMerodsscutting
daciticTeoropPpheg rlyr eeand il des-mnitedf@l a c 1 £ (Fviegiunriee t4s. 5 A) .
Di ssemi ndtoeudnsptly wif 1 B Pheac. c i

Phr ebarteisacRead Mo Giotemirm ows b(r<elcOc i cam)y®to ds ersf ac e
h e melNtgiotet hi-sepmatti rR@rleetcd raoulbiatwhigingy ar al t er ed |
occ(urri gur ©n 4 s 6 Ajbarceeoya id ahri eac002r 9d5eCaAl BIE 0 5 6a6878NL 1
masIHS1@b) crgquacl-ayungte altered crystal tuff
hydr ot herwaasl othedde citnl adla®10e mL,d etprtuhn c agtriangnead f i ne
phreatomagmatic bBrm&egdrat o Er qadeteibldleybsBg mdst e
tohe pr eamagmaedoiiddes. ri enc e rhees fbig b ke eatinikdeyna t i t e .
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Figa4arland specimen i mages of the heterolithic
Mount(aAHet erol i thic ODa(fBHet Sadpifeh H&L OGut crop th
unal tered. The arr-ewzbdghi(eECDa&ist acmct ysmalk er u
HSL€C2(.DGl oseup of t hes hdoawtiihgeg rct icalylsyt ad uT ugift ut f t
is affweak dclbyy alterati on.
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1cm

Figari2zand speci meAsinadMgenbeof of hée he Sunshine P
Mount(aAl)nt er bedded crystal tuff sequences. The
contains dissemi na30ld (Bimigtlee. cDammlca WbEt ween

uni ts. S8S2m®mgle LC

19



Fi gaarRBhot ographs of the dacite | ava of Grassy
Mount(aAi)n.F|l ow nbanhdei dgaci te | ava of Grassy Mount
stropomaalt z-kabéi nattieonalanedThe oxsdme@gd. sampl e | o
HSL-C1. (B) abacGtass$swvMountain showk@2gcmarti al
euhedral to subhedmalplcagistal asefhsmamhdiddnte on
bi ottt eMaphiasesh nabsl ennodre ar e replaced by magnet
i ntrussaepliSe€k) (Tuhniisti 9 tbirmend tttheer subvol cani c da
descaRkbPddMountain. I|Its key uagophat eqaiab fbizs Telhyee si s
dacipteer viass i wv-el d/c r
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~ 1lcm

C - p——_— - ""v-——-'r,‘_"—‘ v~ - - ‘--v_..,_‘

Fi gaar#and speci nmewnbviadacgaerni oo fata cRd & M@DQanctiatiiem.g

di EbBowing sanidine phenocrysts t hlant aadrdei trioounn d
smal | pl agi ocli B baep hcargyr sbtuaslderhascacruird | ti esr d ke.asSamp |
LCA191 PDBYJi te pomphhvayg bewrarcthh fetait@rd.r bymal | qua
ves no¢aur olWhe dacsianeipdtienmco & ir y s tpd aagn drcrhisataeet s
phaner i tSiampneb 6.0 xP&L9gi t e wotupphguryded and broken
phenocarnydithmudhedraagl ocl aaphamegrsit tSilasn ui@é8 B.5 x .
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Fi garftand specimen i mages O(0A) b¥egrgad ifan eacd nRaetdr iMc

-0 O un v

c

upported phreal omagegmatrieccbrnelcrcao@@sicaue s amd ear
rueg aquarSampled6m.3 PBr)eat omag mat iTch eb rberceccica a st
ubangul ar polaysmiwcetlilyct &fardangenmet nst siant tradn ajtuuadresn iql e

|l ajt.Sraenp |-43 L2 PCr)eat omagm&t i Thédrlercecaisa i s pol
ontsaudmg ul a-r ot ocdlsadsbt sq u daalttz aairteer ed. Some wi spy
ragmaegrt present that Saxipi ei0t9(SA)CvaQlpdyeeatil@e vt ur e.
| ast
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Figargand specimen images OA)bBectatphtsa®pide Mc
br esdioaahregnamadret i tSe mpHaRL-rG2xb.. P hrBeat i-T Wwirtelt ca a
ma g n g@toiett dh i t Sea nmialE48i0x .

23



STRUCTURE

b Beds
—\ein
— Fault
= = Unconformity of caldera walls

DRILL HOLE
® Collar Hole

LITHOLOGY

Miocene Rocks of Lake City Caldera
Quaternary

B Quartz monzonite intrusion

= Dacite dikes of Red Mountain

&5 Phreatomagmatic Breccia

B Sparcely phenocrystic dacite of Red Mountain

" Dacite Porphyry of Red Mountain

"7 Dacite lava of Grassy Mountain

% Sunshine Peak Tuff

Oligocene

B Carpenter Ridge Rhyolithic Tuff

B Fish Canyon Tuff

= Sapinero Mesa Rhyolitic Tuff

Oligocene Western-San Juan Caldera

" Uncompahgre Peak Volcanics

9 Uncompahgre volcaniclastic sedimentary

" Silverton Volcanics

ALTERATION

I auartz-alunite
2] Weak Argillic
= Quartz-clay

Fi gaar@&ol ogic map of Red Mount Ai sosstbwwngi Alhpihmé t @eledh anre@rf us
Modi fi éd pfmaeom(1976), Mehnert et al. (1979), as well as Bove
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4000 m Red Mountain

East wall of
Lake City caldera |-

Alpine Guich
Tourmaline bx
and mineralized
veins

/

Uncompahgre [~
volcanic stage

0 0.5 1|
e Km
LITHOLOGY [ sparcely phenocrystic dacite of Red Mountain ALTERATION
Quaternary Dacite Porphyry of Red Mountain [ quatz-alunite
- Quartz monzonite intrusion Dacite Lava of Grassy Mountain = @uazz::'a,:'
— : . [72] Weak Argillic
D k f Red M
. Dacite dikes of Red Mountain Sunshine Peak Tuff 27 intern: Argiliic
§4858 Phreatomagmatic breccia Silverton Volcanics &% Patchy
KK Potassic
Fi gar@r ossescti ont lséhodvii smtgr i buti on of | ithol ogica

Red Mo.udmteaiksmeaedss on i nlcoggpiems@at es 0 he darsi IwWwe lholaes
regi onarnapps eilcadi@mpman (L6c¢é) aBeodef rammd Hon (1992
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4. 2Al t erQtty loens
Al teration is widespread at Red Mountain (

naming of the moudueitno tThhee preeds ecmderofi shemat i

filling fractduessuland/eorDkdstieizreihnmgpal t erati on s
observed in the .subsurface (Figure 4. 8)
4. 2Afgillic Alteration

This abtgiaproses an assockavieowanbhekambiumn
obmectite. Dwortiknigt twhaes fdioecluument ed t hat there v
alongonbhact hatwéeaodfhedMonudnt diensubvBédanic da
Mount aAlnong t h®o fcteknat dalxiyn i doeadra-bdtear e d dvasut cr op
obsetwded. San CristtdoemaperL akar tvaodfl etyihse dJfnfceocntpeadch
bweak to moderintaeta&mra@il loinc (Faglure 4. 1C) Anoth
argillic alteration c@h ki @is e wdliedldi) onc |saasmep | e
crystals havepbhmeerekpalit ciaffdetyhénedar el interval :
argillic al t6e2rfa2rdi a mdabsdi?8 O ms-isaht dv@ anagl-i ni t e

dickite. alteration

4. 2QRarfCtlzby t er ati on

Quarxtmay the most abundantstaynlde pprredidsoémetn ainn d
LG, wit-khaqglumwitbhiteieng t he prasisce pall aget eExade ptin f
he dacTdiyed darkket smos &l ,t ealeldi obhbémigt £ Bed Mount air
shovwmwriabl e int goslkeaalblemiet e retrishtibspon.s especi al |

—+

—

he vhrdwwpas aprevhgedvlbgy alteration. Kaol i ni

—h

el desrpyasrt mh g,mainxl chiraesc fr a Gaqnaynttses hevadtri x and
epelpalcagi ocl ases«k.ryAs,t aB;s AIFdRyas4e. b MhteeByV al s,

abundafnicgee acidn s e mi n anmyrviptyienilted s i ncreases. Du

-

cover mater eakssiqguueacvtezayt had rtiemgpat i on does not o
Red Mo Hmotwaivrer , t basddsoni buti-ohagfafleatiti bhea
to envelop the-amometientbénee agquamnt z
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4. 2QB8arAtlzuniiltteer at i on

Different inté¢nsitiedsl aly abaer2d atreas wer
Red Moandaimo.eunilte alteration and/ndr repl ace
sanicdriynset al svoMictahnina ctchoempani ed by quartz repl a
altestawlaenobsewvwoéd dhainatcest hdecde slcm abot h ca-ses, t he
alunite alterationdi es®Imt epdr taidmly efdi taeafi d rerNatl iao/ rs
i nfifirlalct ures liwl ttehreeprlreostotumsat& t heuple aks of h®Red
Mount ai ®m.2Ahguclkay associated with alunite 1is
ipredominanad gokdadiohgnt @ et he. Hyypypersppeidtradl aamal
revealad di atohmptr>i3e$ t he spectralllFy gugsdSponsi ve g

4. 2P4at My t e AMitea at i on

Patchy texmucashwodd anwhiettee) repl acing potassi
documemt edd L G4, hooclceur ring in at | east four inte
t e xdcuarne be f oudac iwtiitdTignoptihdeygiyng fromTweak t o |
pat chesematriemes surroundeusnbtye rpvyarlist ewvi tDhi spcad ncthiyr
observégibnom.epibverdetvebopgpmpatchy tarture wa
found i n t6h7e3 5 InOed rav d le dofob s @rhwd iniiesndsay eveal s
akbtati ordeapd ogpri nlgeu agartdazyer ati on, originating fr
resul t hpead cihry texture (Figure 4.9). Bove and H

O6mottl edé6.

4. 2Vbg@uarAtlz er ati on

Durionggin dahCdLCheaotti ons of modegruaatrag zt o i n
alteration were observed i n br&)c.cihats laenads ts usbevv
| edges muawduzgageyn i nf de d -4 whhioclhe we e up t o a max
m in thiThkeaenseasi desmmo nallyu nliitned d(1Fhi4/gadnilgl he v uggy
guartz is comprised of smal/l (< 5 Om) quart z
recrystallization from(Bi goneDys)L.a”AsoBe cas e,
t he vugs fairlel epcarwiitaH lggoet hite or hematite.
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The contacts between the vuggy quartz zone
rocks are typically squeaesm cuuggas oinmg rdti tsali Indccd e
|l edyg@a€iatdept3ns lptfhceo nt acits asBBoviet h respect to t ho
hol eVugugaywd ¢ al soi bh €lqit s t5ér endawhgd ree otfly & aret v utga vy
the encl osiinsg r7ablAaei e@ 1t oc k(hHFdé gsuubev elr. t1i0oBal. hol e

4. 2P6tassic Alteration

Pot assi cdeaflitneerdatbiyonelc® npglrae yemc avidfhessras sabi
amounmasg oéamnidi-geaigneadwds recogni ze-dMimodr il | cor
amo unK-fse lodwseprthert e A tt elidditet @dmi & L G4h,oltehe secondary ¢k
f orbmmsown aci c welfam dma tyfoitbeilsstr iotf @ s @anwidie@lai n
677 andAt7 6706 0mbn ateipted prrenpbll ean d2B )T.hiegsree ohdary
bi ot otrresdi al and aci Théabi aggt e giad elspimnmeonl vy ov
mi cTah.e repl acement of t he alibdtigetass eagp meceamgy t o c
sanidine and (Fipeurse eL.tT &Ac oo riterBpmecelasteynicreg o f
bi odammdues c dwi tceadr(eFildl RS

Aut omat ed mi neral ogy szameksfcenlndfsiprame da [ttheer a
hal os (Figure 4. 13A, B) . -fTeli s mpaermoins t prad £en tt hi
t he magamitOhcemeaut omat ed mi ner glhd gyg ospd a res (aFli sgou |
4.13B) .

4. 21 Atermedi &l ¢ eAradgii lolni ¢

Al t hough not easily identif-dabhewsianally,
associialtisimee bi t4. ){.Fignoeccetcietnet r atsiogmsi fiinca retalsye &
depth of 600smprwmioeenedd orf e Btohtemehotl ietl ¢ | & red
over perairnti ese€tondaedy -béelodspar and K
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Fi garRatchy alteratsohrom Ra.d dl)Mmetpd & s daend
kaoltwdmi t eq unapcdatzc hy Staenpt -6 @3 HBpragni fpicat u e
showghi te mica r em aqgwanretogwosii mits-gtd@ ipye.d t e
Whi-mieca i s at efprigaacctiunrges (red ami eqasapdtzc@ly Str on
textdevelichpedaigagd abampl-470@LIC (D) Close up vVview
how -gi aeryed t e i s -miignani nlyl avdk t®er mbwgdemed opewd wl
al ofnrgactures (red arrows) .
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Fi gar®oggwatrext ure i nshéandmsRe.di(Me)ogu aag gny
texture develTohpee dv oiind as pbarceecsc saar z2eych io sSS@almpao emi | | i
4-30B)Y Contact between i nt e ndseevieyl oapletde rveudg gryo ctke x
rock that shows a | owerlbalyndcadpcefiolovamel e Sa
L ¢4-30.0
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Figar®i crophot ognvamh s palkewi ng vfurggny Reudart z s a
Mount(aAi)n At uyn gtr dlwd nt gwvew. g tTdeed mi memaCr oesed

pol anigfHeadnliCe63 ¥Bygy quartz with small alunit
Crospsoceldari zed ICil-§ht VCBgwphaeattt uamirtylet amal I i nir
t hveoi ds. Tl g beamptCee4d CODY r espondpionlgarcirzoesds eldi g h't
i mage highlighting (tEAleursimtad |i rala ns meal Icrwwsd atl s
hemaCr osgpsoceldari zed UGL4Bt CEPrEMppendi ng plane pol
i mage showing the alunite oveu=galouwntiht ewi t hi n t
He mhemaan@ze,qguart z.
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SEM HV: 20.0 kV WD: 10.17 mm | MIRA3 TESCAN SEM HV: 20.0 kV WD: 10.12 mm MIRA3 TESCAN
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View field: 197 ym  Date(m/d/y): 04/30/24 Performance in nanospace View fleld: 171 ym  Date(m/dly): 04/30/24 Performance In nanospace

Fi gaarBaekatter ed elheonirnggn tiema guea sa | rel ati onshi
sampl es from( Rendal|Mo uvnugarigne b wl hgne nature of th
and small crystals of alunite.LCHémaGBhphkl cemen
vug showing the crystallindCh@t uir@) oVoitdnhef irlelse
al urmintde j ar osLiGCi-@7 Shlhmbl equartz cry.Sampsceof r es
1-48 AEWnite and smaluggya®smmzalCed § sH@MaEt i he
cementing VvugoyCl48\drbtrz.vi Sammwmines: Al n=alunite,
J s=)jaroguéaaenikRiz @z uti |l e.
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4. 3Hyperspectr al Core Scanning

Dril |l -L£oared LtChe exi st o m@l Ilpalerrtei osncsa nonfeddr i | |
hyperspectrally to i deFnitgiufrye smidn elrda |laongdi c4a ll 59)r a

Kaolinite is most abd ntdea na dd,p ttihnediftco2i8nfg ht
presence of adva@Eeduae Khlodrivghi dleb edeatrai 6o a
depth betwédn @WABchAndah be accounted for by a
advanced ar dghihlelrieci igesl itdeircaatntondecr easatin htitse pr
depth with kaolinite being only prEwvemtt houdh
muscovite i s extensamEdOMyt hprsesm mtertadt wmd sro 22Z& u
hol e. SporadicahughéetapuprdantesAlbdnidepthasfnd®”
recogni zed deepPegnr oipmoytlchue tseriinl Isicmrléaones |lofw ab
vuggy quartz Toawarvdesr y hemabomoew.om of the hole, b
number of wunclassified pixels increases, So0me
of feldspar, suggesting the occurrence of pot
be over prl Hsinteeedt iftoya mi n g t pea rmar dpifd tleencaisad € mlr laa g en.n

Il n dr LEClalhwniete i s the predomi nawtai 4d mddter al
corpetervalBd0O baén&@enZ Bl A nsiotneet i me>s9 OroePp marhtles | Tsh e
intervals of high alunite abundance are part
(Figwe 4.1
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4. 4Hyperspectral Analysis of Hand Sampl es

A total of 22 hand speci Mmérseswkte wearBnedm
wi t hder hbtaetvaero t he saAme maiterdialference betweer
the higher resolution of the hand sampl e scan
veins or zones of intense silicification show
many casesalsmalnlt ergrowth between quarsz and s
pi xels to be assi gnneedr atlo itnhset el aeds so fa bbuencdoarmitn gm u
investigations confirmed that quartz is domin
kaol Emenhetvlugwugh quartz i s masked by the occurrtr
hyperspectral core scanning allowed identific
domai ns ( FHiggueg £0l4utlirgn hyperspectral scanning
reveal ed the presence of drRifdemend. D& erprinti

Il n samples showing vuggy quartz alteration

spectrally active mineral s. Excell ent exampl e
pi xel s r efhlaevcet ibnege ng miadret4BeD LiCad-80L C I n t he same
intervals, the presence of pyrophyllite and p

The most notable difference betwedrmet he co
apparent presence ofesmpyrudpyonynd psheyaes siirtreeBtohgen i teieglh
cor esLELA-299r -43O0Fi gdquddre4él 9. Scanned samples fr
ar e r ehpogrhtuiarbgy B d,a ncrecs-kalobd alilntidreat i on 1 HSIs@mpl es
06, HILC HRALC HSILC HSILC and1HSDEt ai | eodn osbasmepriveat i
HSL-CYeveal the presence of tiwo nilyep eaxl uvarhidtad uni
ifmi Il 1l ing frdadxlurlens t(hFei-persee ad fu nHHSleC and pyrophy
predomiprexratcali v miner al s-071 nkdldéiteea saer eo ft hHS Lpd
active miner aimaswiowlhumii.tneori § | pridadcomlLIERNE i n s
(Fi du)yaenldCl-6 7 whi ch al spyrcomhyalilni tseo.me
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Fi galretly per spectral €6ApneodiREBGBU amag evei(B.) Hyper
i mage dhawangz umemaisss f i ed T(hbel agcuka rptiaxied dsi)n i s
kaol i mihtiet e B rcoaspsceldar i zed | i ght i mage of thin
central part of the .Sampl-€33 &b roan inattiean b yQm=uc
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Default Mineral Groups

' @ Carbonate+Muscovite
2| @ Carbonate+Montmorillonite
j- - O Chlorite+Muscovite
i @ Muscovite
s @ Biotite
| O Kaolin
| @ Kaolin+White Mica
0 | © Pyrophyllite+White Mica
o O Pyrophyllite
B2 . O Talc
| @ Smectite
® Sepiolite
@ Alunite
@ Alunite+Kaolin
O Amphibole
| @ Hydrated SiO2
@® Gibbsite
' @ Borate
@ Vegetation
O Plastic
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Fi garEXxampf gpehr speotfr al c®dTansbheasovacnoet r ast bet w
muscovite predomi maaglu ala & & leHreshti iteen mi ccraamgd da)er at i
Uncl apsixfeilsd agqeaptzmébiylPplp hyddeittse)i n | ower ab
(purple pixkeées)nt ¥rsahl bgt ween tshev ujgngayr whi t e
(each st r&Y c)mriinl U @rmghten0 9 2,2 9 &Btdelr. v8Ba Im.
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Type

® -

O Amphibole

@ Biotite

@ Carbonate+Montmorillonite
@ Gibbsite

O Kaolin

© Kaolin+White Mica

O Plastic

© Pyrophyllite+White Mica
@ Sepiolite

@ Smectite

O Talc

@ Vegetation

LC-4- 605

Figar®MYyper spectr al S ¢ An @&dd IRGaBt ci hfydBotee x t ur e .
Hyperspectr al | yggarszows hgpgbowec ghkese Slaanp !l e
LGA605.
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Type
O - Quartz
@ Alunite
@ Alunite+Kaolin
© Amphibole
@ Biotite
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© Gypsum
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O Pyrophyllite
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Figar2yper spectr al scan (OAHawnmuwg sy eqcu gmeyrer dadd t er
alterationbdeceli apedB)nHapertshhbeeetcahbBl amkgases
pi xerles uncl assi fied,yrwhphiyd liggskeeplkamti 2.e Mindor p
kaol initeitiwhue ep amnpgelesds3 0.0
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Type
O -
@ Alunite
@ Alunite+Kaolin
® Gibbsite
O Kaolin
@ Kaolin+White Mica
O Pyrophyllite
© Pyrophyllite+White Mica
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Figar2yperspectradl sciatme (&) gd@raat impue-adt wawit g
alterathand. syWesuamkeni sigspgeucatridgen acreonmantt r ioX . t (hg)
Hyperspectralt hamlhaget phedomima xtel i)t h many of
remaining pixels being kKlhohinsfern &@ctouQveenm clad 19 iaft
ar eashaael ac k Smimpd les APbCEV.i ati oma@zAguaat znit
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ﬂ Type

@)
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@ Alunite+Kaolin
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® Topaz
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Type

® -

O Amphibole

@ Biotite

@ Carbonate+Montmorillonite
@ Carbonate+Muscovite
® Gibbsite

© Gypsum

@® Hydrated SiO2

Q@ lllite

@ Jarosite

O Kaolin

© Kaolin+White Mica

@ Muscovite

O Plastic

O Pyrophyllite+White Mica
@ Sepiolite

@® Smectite

Figar24gperspectral scan elf cpmrteaa tna mag nda tfif ce rkern
cl asAQxo.r e .i maR)e Hyper spedthreala biumaqek tasohppiamisreq c e
k aoltivdnet mi cahb&liatchkk bpi ngl § (0 €jutp€ileow ebdbunded al ter
fragment af Ne me entliskgavdtiesaBatmipdGes 4.1

46



45, Vein Types
During core |l ogging, various types of quar
surface,wmitéigneagrquartz veins were recogni z

towards Red MountUaicmo mpiathlgire thhé camper uni ts (F

4. 51Pyrite Veins

Pyrite veinlets appear to hawde &red nombauwmrdfac
where they have been subject to supergene o0Xi
i width were dbdetween m25Cft and the end of t

crosscut earlier2Zquar)t.z veins (Figure 4.

45 2Quartz Veins

Mo gtu av észni n du@Gl lar kealpwiatnraeg ovuesi ngsr,aywhi ch may
contpaymni me cenverihsCldaer e Quacdtzed at dephéd excece
abundance of et nsoMeéatreyamssEhformottmewivtap 5t%0 wei n
at depth between 427 andl 4c2® tnmi cTkh ea nvde ipnrse daormei
represenhaiirifiarctd Bir p#EB-D) 4 Pyrite may occur al ong
(FigR€e2A, MBgcroscopically, many -toyfpet hveeignusar t z

Based omntdbggi mgeeés bhbaeceeohypes of B veins
di stinguished. The first type consists of qua
granandrghayesoveveiun af idreghtt Ra8t3vhee ns may be host e
massi veFrog&®wrd4 brrewlcicclasi ncd88l84s6 FthdFFe gur e
4268, @®O)8388n818 nSombeofweairmsegarar. aMayv eri ,n utohuesr e
examples ofval mosentph anas uza)r.e RyFfiaglrne s ace o0
mi crofra8mallesamounts of, nol yebxdaenpiltee ianrcd updreess ¢
(FigREBe B). Thaewe diefifnesr ent orcioernetTaleiosnesc ared at
type ofompeaiussstei gs thandpagearance and contain
include tHdcsgEte BAHel tmhi rd type offwvachsr esmpr
filled (byi gRBeer tBz6, 4 B) .
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Figar®uartz veins fnomaRdds(Meua nHeda ipbar @lait t hi c
bredoina ai ni nghoas tfirmgghhmebnah d aet Sjaump I+43 Ve ( Bk .

Cl osmef the qoquUarsttz wittcdhc k worvke cwd iaprge @ C) cQbaetei
Sampl-464 ( D)u | oistelpel oy aggruaayr t z v ei nsi.ndOrcaangee cC
t he pr enmndiydbad enfi t e.
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Figar®auartz veins fnomaRdds(Manmaws B veins co
obayquart z c(uareraongsi-ee a igaye dgat aili csgif neddmass. Sam
L&G4701 GBpy quartz veins having variable orien
on thkandgbt dleG46 3@ npdper t z foeminmmy @i Be cent er |
(ar rSocanmpIC£3 8.4
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