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Controls on volcanism associated with the intrusion of the Redwell and Mount Emmons stocks, Crested Butte, Colorado:
Implications for Climax-type porphyry Mo exploration

Robert D. Charnock (1), Jeffrey L. Mauk (2), Thomas Monecke (1)
(1) Dep a rtm ent o f Geo lo gy a nd Geo lo gic a l Engineering, Co lo ra d o  Sc ho o l o f M ines, 1516 Illino is Street, Go lden, CO 80401 (2) U .S. Geo lo gic a l Survey, PO Bo x 25046, M S 973, Denver, CO 80225

Abstract & Background
T he M io c ene M o unt Em m o ns c o m p lex (Crested Butte, Co lo ra d o )is a Clim a x-typ e p o rp hyry M o  system  tha t c o nta ins the Redw ell a ndM o unt Em m o ns sto c ks, whic h a re ~600‒1000 m  a p a rt butc o nnected at dep th. T he c o m p lex a lso  c o nta ins a vo lc a nic brec c iap ip e tha t em a na tes fro m  the to p  o f the Redw ell sto c k a nd likelyb rea c hed the p a leo -surfa c e, but the M o unt Em m o ns sto c k la c ks avo lc a nic p ip e. T hree Clim a x-typ e dep o sits ha ve p reserved brec c iaunits that are tho ught to  ha ve brea c hed the p a leo -surfa c e: theM o unt Em m o ns c o m p lex c o nta ins tw o  sto c ks a nd o ne brec c ia  p ip e,the Ca ve Pea k dep o sit in western Texa s c o nta ins three sto c ks a ndthree brec c ia  p ip es, a nd the Pine Gro ve dep o sit in U ta h c o nta inso ne sto c k a nd o ne brec c ia  p ip e. 
Bec a use the sto c ks at M o unt Em m o ns are p a rt o f the sa m em a gm a tic p a rent event, we c a n investiga te lo c a l c a uses o fvo lc a nism  witho ut needing to  c o m p a re dep o sits fro m  differentgeo lo gic settings o r exp o sed at different ero sio na l levels. Intrusivep a leo -dep th differenc es o f the to p  o f the sto c ks a nd the num b er o fm a gm a  rec ha rge events into  the b o tto m  o f the tw o  sto c ks are no tlikely c o ntro ls o n the o c currenc e o f vo lc a nism , a ltho ugh, them a gm a  rec ha rge rate into  the Redw ell sto c k m a y ha ve p la yed aro le in vo lc a nism . T he p resenc e o f intersecting fa ults a b o ve theRedw ell sto c k m a y ha ve p ro m o ted develo p m ent o f the a sso c ia tedvo lc a nism  wherea s these were la c king at the M o unt Em m o ns sto c k.
T his ha s im p o rta nt exp lo ratio n im p lic a tio ns b ec a use even tho ughthe M o  m inera liza tio n a sso c ia ted with the Redw ell sto c k w a sdisc o vered first due to  the o utcro p p ing brec c ia , its tw o  M oo reb o d ies c o nta in 37% less M o  c o m p a red to  the single M o  o reb o dya sso c ia ted with the M o unt Em m o ns sto c k. In a m a gm a tic a rcenviro nm ent, venting to  surfa c e during p o rp hyry em p la c em entinhib its the fo rm a tio n o f p o rp hyry Cu o reb o d ies due to  the relea seo f fluid a nd vo la tiles fro m  a n o therwise fertile m a gm a tic-hydro therm a l system ; fluid that w a s c ha nneled to w a rd the surfa c eb ut never brea c hed the surfa c e m a y p ro m o te p o rp hyry Cuo reb o d ies. T his resea rc h suggests the sa m e m a y ho ld true fo rClim a x-typ e M o  dep o sits fo rm ed in extensio na l to  tra nsitio na lenviro nm ents, a nd tha t fo r sto c ks with asso c ia ted brec c ia s thatbrea c hed the p a leo -surfa c e, higher to nna ge o reb o d ies m a y b enea rb y (within 1 km ), aro und sto c ks with no  o b vio us vo lc a nic vents.T his is p a rticula rly im p o rta nt b ec a use Clim a x-typ e dep o sits aretyp ified b y m ultip le intrusive b o d ies.
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Figure 1- Map of the MountEmmons-Redwell area. Modifiedafter Gaskill et al. (1967), Galey(1978), and Sharp (1978).
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Assum es that the sha llo w er sto c k w ill p referentia lly undergo  a  m a gm a tic-hydro therm a l- vo lc a nic erup tio n a nd/o r a p hrea tic/p hrea to m a gm a tic erup tio n dueto  a  higher c ha nc e o f dec o m p ressio n a nd/o r gro undw a ter intera ctio n with m elt.
Scenario 1

Figure 2- Simiplified cross-sectionfrom A-A'. Modified after Galey(1978), Sharp (1978), andThomas and Galey (1982).

Hard to  p ro ve o r disp ro ve; butvo lc a nic p ip e is m o re c o m p etenttha n surro unding sedim enta ryro c ks

No t o b served; no  fo lds trendingNE in field a rea ; p ip e no t tiltedw ith resp ect to  M t. Em m o nssto c k

No t o b served; no  fa ults in-b etween sto c ks dip p ing NW; no  fa ult o r fa ult zo nes with ~360 mo f disp la c em ent in field a rea

Scenario 2Assum es that the sto c k w ith a higher rate a nd/o rvo lum e o f m elt rec ha rge will p referentia lly undergo  a  m a gm a tic-hydro therm a l- vo lc a nicerup tio n due to  a  higher c ha nc e o f c a ta stro p hic a llyb rea c hing p o rp hyry c o nfining p ressure.

Sim ila r to  less m elt vo lum einto  Redw ell sto c k vs. M t.Em m o ns sto c k b a sed o n kno w ndistinct p ha ses

Po ssib ly la rger m elt rec ha rgerate into  Redw ell sto c k vs. M t.Em m o ns sto c k b a sed o n kno w n c hilled m a rgins

Mechanisms for volcanism in a porphyryenvironment (Sillitoe, 1985)
Phrea tic erup tio ns:
m a gm a tic hea ting a nd exp a nsio n o f m eteo ric p o re fluids
Phrea to m a gm a tic erup tio ns:
intera ctio n o f subsurfa c e gro undw a ter with m a gm a
M a gm a tic-hydro therm a l-vo lc a nic erup tio ns:
relea se o f m a gm a tic-hydro therm a l fluids fro m  a n intrusio n duringb o iling o r dec o m p ressio n; ra p id dec o m p ressio n with surfa c e venting
M a gm a tic-hydro therm a l-vo lc a nic erup tio ns c a n b e p re- to  p o stm inera liza tio n. Phrea to m a gm a tic a nd p hrea tic erup tio ns arec o m m o nly p o st-m inera liza tio n.

Scenario 3Assum es that the sto c k lo c a ted in a  m o re structura llyc o m p lex a rea  w ill p referentia lly undergo  a  m a gm a tic-hydro therm a l-vo lc a nic erup tio n a nd/o r a p hrea tic/p hrea to m a gm a tic erup tio n due to  a  higher c ha nc e o fdec o m p ressio n a nd/o r gro undw a ter intera ctio n.

Observed; intersectio n o fthree o f the fo ur la rgest fa ult(Sta nd a rd, K eysto ne, Redw ellfa ults) in Redw ell b a sin;intersectio n o f fo ur brittlefa ult zo nes in Redw ell b a sin,o nly o ne fa ult zo ne in RedLa dy b a sin; vo lc a nic p ip eo c curs at the intersectio n o fthe la rge fa ults a nd fa ult zo nes
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Discussion & Conclusion
Sc ena rio  3 is m o st likely b a sed o n o b served geo lo gy. T he sto c k a sso c ia ted with theintersectio n o f m a jo r fa ults likely ha d a  higher c ha nc e to  ra p id ly dec o m p ress, resulting in a nerup tio n. T he o verp rinting rub b le brec c ia  p ip e, whic h cuts the U p p er Redw ell dep o sit, m a yha ve b een a  result o f increa sed gro undw a ter flo w within the fa ult intersectio n a nd p revio userup tio n zo ne, resulting in a  sec o nd p hrea to m a gm a tic erup tio n.
Sc ena rio  2b is a lso  via b le if the num b er o f c hilled m a rgins is a ro ugh indic a to r o f m elt injectio nrate into  the b a se o f the sto c ks (higher rate o f m elt injectio n p reventing full c o o ling o f p revio usm elt). A higher rate is m o re likely to  p ro duc e a  p ressure differentia l at the p o rp hyry b o und a ryw ith w a llro c k, increa sing the likeliho o d o f a  c a ta stro p hic rup ture, ra p id dec o m p ressio n, a ndsubsequent erup tio n.
Sc ena rio  1a is so m ew ha t via b le b ec a use rhyo lite o f the vo lc a nic p ip e is m o re c o m p etent tha nthe surro unding sedim enta ry ro c ks. If true, this sc ena rio  w a s likely no t the m a in rea so n fo rlo c a liza tio n o f vo lc a nism  o ver o ne sto c k.
Fro m  a n exp lo ratio n p ersp ective, the brec c ia  p ip e is la rger a nd ea sier to  identify o n the surfa c e,but the lo ss o f vo la tiles during at lea st tw o  erup tio ns a nd the o verp rinting o f o ne o f the o rezo nes resulted in a  lo w er reso urc e fo r that sto c k. A la rger reso urc e m a y b e nea rb y.
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ho rnfels a lteratio n (b io tite)

M o unt Em m o ns c o m p lex
rub b le brec c ia  dikes

Miocene

Redw ell a nd M o unt Em m o ns sto c ks- rhyo lite,rhyo lite p o rp hyry, gra nite, gra nite p o rp hyry,a p lite dikes

c o m p o site vo lc a nic p ip e- rhyo lite, rhyo litebrec c ia ,  rub b le brec c ia ; rhyo lite dike

Oligocene
gra no d io rite p o rp hyry to  quartz m o nzo nitep o rp hyry

EoceneWasatc h Fm .- sa ndsto ne, siltsto ne, sha le,c o nglo m erate
M esa verde Fm .

U nit A- b a sa l sa ndsto ne

U nit B- sa ndsto ne
U p p er M em .- sa ndsto ne, sha le, c o a l

late Cretaceous

Tra nsitio na l unit- sha le, siltsto ne, sa ndsto ne,lim esto ne

Ohio  Creek M em .- sa ndsto ne, c o nglo m era te,sha le

M a nc o s Sha le- b la c k sha le, siltsto ne,sa ndsto ne, lim esto ne
c o nta ct (a p p ro xim a te)c o nta ct (c erta in)F a ntic line

M sync line
fa ult (a p p ro xim a te)fa ult (c erta in)

M o  o re shell (p ro jected to  surfa c e)
Base m eta l (Zn, Pb, Cu) a nd Ag±Aum inera liza tio n extent


