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ABSTRACT 

Montana Mountain area , 1 0 0  km south of 

�hi tehorse ,  contains a late Cretaceous volcanic 

complex , 6 km in d i ameter . It correlates w i th both 

Mount Nansen plug domes in sou th-central Yukon and 

layered Sloko p i les in northern British C ol umbia . 

The s outhern part of the complex is a 

d own-faulted block of and e s ite l avas and breccias at 

l e a s t  1 2 0 0  m thi ck . S edimentary horizons and 

d i s tinctive breccias suggest caldera formation• 

The north_ern part cons i s ts of subvolcanic 

intrus ion bre c c i as which were emplaced as f luidized 

rubble by hydrothermal sys tems that may have been 

related to ..s�rowth of andes ite plug domes . Subsequ·ent 

i ntrusi on o� a granite _pluton emplaced fluidal-layered 

quartzofeldspathic d ikes in-the breccias . 

G old- and silver-bearing quartz veins 

postdating the intrus ions fill. fractures controlled by 

... �·:-previous volcanic  s·tructures • 
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CHAPTER I 

INTRODUCTION 

Locati on and Physiography 

Montana Mountai n  ( 60" 03 ' N ;  134° 4l ' W )  is a. 

prominent peak ( 72 3 3 ' / 2 2 0 4  m )  i n  a reg ion of high 

r i dges and plateaux immed i ately north of the British 

C olumbia ( B . C . ) �Yukon boundary ( Figure 1 ) . The area is 

bounded by Bennett -Lake on the west and narrow arms of 

Tagish  Lake to north and eas t .  The study area,  8 km 

( eas t to wes t )  by 1 2  km, encompass e s  a · high-stand ing 

region of volcanic rocks , here referred to as the 

M ontana Mountain volcanic comple x .  

Most of the highlands are covered with coarse 

rock rubble which is sparsely vegetated or bare . S teep 

mountain s lopes drop 1 5 0 0  m to li'indy Arm of Tag ish Lake 

( elevation 2150 ' /6 5 5  m) east of the vol canic complex . 

Continuous outcrop is uncommon , except in impress ive 

cl iffs on the northeast s i des of the. three major peaks . 

Abundant l i chen hampers observation of rock textures , 

e xcept in c i rq u es be1ow ' l ichen triml ines ' where 

glaciers have retreated in recent times and s now 



I 
I 

i T Y UKO N 

i-,_f:�f-A LASI(A. ·. BRITISH 
(U.S.A.) \_�ULLJMRilll 

\ 

0 
"' 
"' 

.. ' 

0 20 
0 30 

Figure 1. Locati on of the Morii:ana Mountai n  area , yukon. 



patches melt back in l ate summer .  Only lower s lopes 

show evidence of continental glaciation ; thick till  

covers granitic  rocks north of the s tudy are a .  . A 

pers is tent i ce remnant l i es below Montana Mountain 

s ummit, and there is one active rock glacier ( lobe 150 

m wide by 2 5 0  m l ong ) on the west s i de of Windy Arm at 

an elevation of  3 8 0 0 ' /1 1 6 0  m .  

Access 

The study area ,  120  km south of Whitehorse ,  

i s  sk irted by an all-weather road (No . 2 ;  k nown as the 

K londike H ighway ) which links Y uk on with Skagway, 

Alask a .  The community of Catcross , 12 km north of 

Mon tana Mountai -n, is clustered around bri dges where the 

road and railway ( White P ass  and Yukon Route ) cross the 

outlet of Bennett Lake . The only mine in the are a ,  

called Venus , i s  near the road 3 k m  north o f  the 

territori al boundary . Major mining prospects in the 

highlands , known as the Arctic C aribou and Montana , are 

access ible by four wheel drive vehicles over 

u nmaintained track s . Foot travel is rugged on 

f elsenmeer and scree slopes , but only a few major 

c l if f s  are impass ibl e .  

3 
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His tory 

Gold- and silver�bearing quartz veins were 

dis covered on Montana Mountain in 1 9 0 1  and 1 90 3 . The 

Win dy Arm mi ni ng camp flou:dshed unti l  1 91 7 ; only two 

sites have undergone exten sive deve lopment · and several 

mini ng attempts since that time . S tone rui ns ,  tramline 

towers and overgrown mule trails are visible reminders 

of the early days ( see  McConnell , 1 90 6 ;  and C airnes 

1 9 0 7 ,  1 9 0 8, 1 9 17 ) ;  bulldozer trenching and strewn 

d ebris mark the ventures  of the last decade . Recent 

mining attempts have been short-lived , apparently 

because of poor management,  less-th an-expected gold 

recovery ( Ralfs , 1 9 7 5 ) and the unpredi ctable nature of 

the small ore-bodies . Uni ted Keno Hill Mines Limited 

( Whi tehors e ,  Yttkon) worked the lower Venus mine for si x ·  

months in 1 98 1 .  

E arly geologi cal inves ti gations were limited 

to areas of mi ning activity . Reconnaissance . mapping by 

Wheeler ( 1 9 6 1 ) s erved to identify maj or rock units and 

contacts in the s tudy area . .  Wheeler included the 

volcanic rocks of the Montana Mountain complex in the 

Hutshi Group , a name and rock u nit no longer 

recognized ; these rocks are here correlated with th·e 

Mou n t  Nanse n  G roup . The nearby B ennett Lake complex , 

with numerous d acitic and rhyoli�ic eruption centres 
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and cauldron subsidence,  were documented by Lambert 

( 1 9 7 4 ) .  Montana Mountain complex is smaller,  and 

consi s ts of rocks more mafic and less pyroclastic in 

nature . P aragenesis of the ore mi nerals in the Venus 

mine was s tudied by Ral f s  ( 1 9 75 ) . The present 

:i.nvestiga tion, s ummarized in Roots ( 1 9 8 1 ) ,  is the first 

general geological s tudy of the rocks within the 

volcanic comple x .  

S cope of the I nvestigation 

The Montana Mountain complex was mapped in 

the summer of 1 9 8 0  during investigation of mineralized 

quartz veins and related abandoned workings . 

D i s tinctive breccias on Mon tana Mountain led to 

speculation that the volcanic  rocks might be equivalent 

to the· Mount Nansen Group . The Mount N ansen area 

consists of poorly exposed vol cani c and subvolcanic 

rocks which contain gold and silver in quartz veins as 

well as ' porphyry copper'  mineralization . 

The purpose of the thesis is to des cri be and 

interpret the Montana Mountain volcanic rock s ;  to 

provide a model of their evolution that can be appli ed  

to less-well-exposed Mount Nansen-type occurrences ; and 

to pres e nt evidence for magmatic and struc tural 

controls upon vein mi nerali z ation in the comple x . 
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The b as is  for the the s is cons i s ts of mapping 

at 1: 25 , 0 0 0  s cale ,  supplemented by detailed local 

examinations . -Conclu s i ons from field observations were 

tes ted or supported w i th petrographic s tudy and 

chemi cal analy s e s . The mineralogy of s ome veins and 

the compos i t i on of phenocry s ts were identified with the 

a i d  of the X-Ray diffractometer at C arleton University . 

The s tandard computer program LEMNORM9 of the 

D epartment o f  Geology at C arleton Univers i ty .  was used 

to calculate normative compos itions . 

The thesis  cons i s ts of nine chapters . The 

reg i onal framework is pres ented firs t ,  followed by 

. d e s criptions of rock units around the volcanic comple x ,  

and d i s cuss ion o f  volcanic centres o f  s imi lar age .  

S ucces s iv e  chapters deal w ith the principal layered and 

i ntru s ive rock types, the s tructure and geochemistry of 

the Montana Mountain volcanic comple x .  D i s cpss ions of 

age of the complex and minerali z ation conclude the 

· ·study . 
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CHAPTER II 

REGIONAL FRAMEWORK 

The Montana Mountain area l i es in the 

Whitehors e Trough, cons isting of interleaved oceanic 

crust ,  island arc volcanic rocks and f ore-arc bas in  

s e d iments . (Figures 2 and 3 ) .  These s tratigraphic 

success ions in s ou thern Y ukon form the I ntermontane 

Belt; an allochthonous tectonic assemblage thought to 

have been accreted to the ancient North American 

conti nental marg in during the Mesozoic era ( Monger and 

Price , 1 9 7 9 ;  Templeman-Klu it,  1 9 79 ) . Late Cretaceous 

volcanism at Montana Mountain and elsewhere along the 

belt probably occurred during the waning s tages of this  

arc-continent coll ision . 

The oldest rocks in the study area are late 

P aleozoic maf ic  volcan i c  flows cons idered to be among 

the basal units of the Atlin Terrane ( Monger , 1 975 ) .  

These are overlain in the region by bedded carbonate 

rocks  which locally attain thickne s s es of several �;o;.··� �· 
thous and me tres . Atlin Terrane is· part of the Cache 

C reek Group , interpreted by Monger to be oceanic crus t  
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Figure 2. 

. . . ,Mt .• Ncnsen. uKT 

.. , 

Diagram of tectoni c elements 
from Tempelman-Kl uit  (1 981 ) .  
area. 

0 km 200 

in Yukon. ·simplified 
MM = Montana Mountain 

NE sw ·.:; lewes River Arc· North Americ:a 

Early 
· Jurassic. {220 -165 my.) liNTER- , 

Figure 3. 

: MONTANE'T .. I' . BELT I "' rn 
. White- suture 

MM horse zone 
Trou g h Mackenzie M1 ns. 

Schematic cross-section of the northern Cordi l lera 
before.and after coll i sion of an i s l and  arc terrane .  
MM = pos ition of the Montana Mountain compl ex. 
From Templ eman-Kl uit (1g79) .  
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and reef complexes that were bu ilt west of the ancient 

N orth Ameri can shelf marg i n . 

The Whi tehorse Trough is an elongate Mesozoic  

bas i n  containing volcanic and sed imentary rocks that 

were derived from the s outhwes t .  Volcanic flows , 

pyroclast i c  depos its and l imes tone reef  complexes , 

collectively termed the Lewes River Group , are overla i n  

b y  mol as s i c  sediments of the Juras s i c  Laberge Group . · 

T empelman-Kluit ( 1 9 7 9 )  interpreted th is  success ion as 

the cons tructional (Lewes Rive r )  and eros ional 

( Laberge ) s tages of an island arc sys tem . Eventual 

collis ion of this arc w i th North America caused oceanic 

crustal rocks to be thrust over the continental 

p latform ( F i gure 3). The resulting Teslin S uture Zone 

. i s  a north- to northwes t-striking depress ion, 90 km 

e as t  of Montana Mountai n .  

The S loko Volcan i c  Prpvince ( Souther , 1 9 77  

i ncludes the Mount Nans en,  Carmacks , Skukum and S loko 

Groups ( Tabl e I ) .  Generally they occur near the 

boundary of the Coas t P lutonic Complex and I ntermontane 

belt i n  Northern B . C .  and s outhern Yukon . The Mount 

Nansen andes.±tic centres and- the Carmacks basaltic 

f l ows are late Cretaceous in ag e .  The Sloko· centres i n  

B . C .  cons ist of interme d iate pyroclastic rocks that are 

contemporaneous with or younger than these . The 

mid-Tertiary Skukum Group is primarily fels ic,  and 

9 
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TABLE 1 
Per i od or Epoch :.· Rock Uni .t Pri nc.i pa 1 rock .types 
P l ei stocene 

or Recent 

Eocene . 

. 
•. 

.. •·· . 

Late 
· Cret a ceous 

. 

. 

':<:: 
"' 

Lower :::> 0 
Jurassi c ,_ 

1-
Q) 
Vl 

Upper ,_ 
0 

Tri assi c .c Q) 
+' 
·� 
.c � 

ClJ Penni an <= 
"' ,_ ,_ Q) 1-
<= 

Pennsyl van i an ·� 
� ...., < 

''•·· 

( thickness i n  metres) 
G l aci al dri ft, a l l u v i um 

Unconformitv· 
/Grani te porphyry, rhyol i te 

Intrusive contact 
I g njmbri te, rhyo l i te and 

Skukum Gro up bas a l ti c l ava; vol can i c  and 
· gran i t i c  brecc i a  . 

(1300+) Ahcfesite and d aci te l ava , 
basal ignimbri tes----

Unconformity 
Quartz monzoni te 

Intrusive contact with 
Coast Pl utoni c granodiorite 

Compl ex Leucogr anite, b i oti te gran-
i te, a l aski te 

Intrusive contact 
Hornblende-b i ot i te ·grana-

d i or i te ,  quartz d i orite 
Intrusive contact 

N i sl i ng Range Rhyol i te, tr a chyte porphyry , 
Al ask i te Fel s i c  d i kes and s i l l s  

Intrusive contact 
Carmacks Group Pl ate au basalts 

Conformable contact: in Places coeval 
Mount Nansen 

Group 
( 1 000+) 

_l.ndes ite , _intr us i on .P.fecci !L 
I g n i mb r i tes , debri s  fl ows 

Andesi te and dacitelavas-
Intrusive, locally disconformable contact - Congl omerate 

Laberge Group Si ltstone, arg i l l i te ,  
( 3400+) hornfel s 

Dis conformity, local angular unconformitY 
Vol cani c greywacke , 1 i me• Lewes R i ver stone reefs Group Vol cani c brecci a , _ aggl omer a!§ ( 3300 )  Porphyritic andesite 

Faulted 1Dossible disconfcrmity 
Atl i n  I ntru- Serpent i n i zed g abbro , py---- s1ons dun i te 

-"' 
roxeni te ,  

Intrusive co�,."�'" Q) QJ Horsefeed Fm; Li mestone reefs , mi nor ,_ u c. 
(.1600) . pyrocl asti c i nterbeds :::> . Q) 0 ..CS- Dis conformitY U<!:l Nak i n a  Fm. ftmph ibol i te ,  brecci as , mi-"' u nor chert i nterbeds 

Tab l e  of Formati ons i n  south-central Yuko n .  Compi led from: . . 
A i tken (1959) ,  Wheel e r  (1951 ) ,  Lambert ( 1 974) and Tempel -
man-Kl u i t  ( 1 97�) . 

·.·; 



produced widespread ignimbri te sheets in north-central 

B . C .  I n general, the Slake Volcanic Prov ince cons ists 

of calc-alkalic  rocks that range in age r rom 73  Ma 

( Grona , 1 9 8 0 )  to 5 0  Ma ( Lambert , 1 9 74 ) . 
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CHAPTER I I I  

GEOLOGY OF THE MONTANA MOUNTAIN AREA 

S ummary 

Paleoz o i c  volcanfc rocks of the Cache Creek 

Group and clas tic  sed iments of the Laberge Group flank 

a partly circular reg i on of volcanic rocks ( Figt;tre 4 ,  

i n  pock e t ) that is referred to in thi s  study. as the 

M ontana Mountain volcanic comp le x .  The complex 

cons i s ts .almo s t  enti re ly of lava flows and breccias 

wh i ch correlate with the Mount N ansen Group . A 

granit i c  intrusion ,  informally des ignated as the 

' Carcross P luton ' , has metamorphosed the northern 

margin of the comple x ,  and swarms of fel s i c  d ikes have 

i ntruded the volcanic and sedimentary rocks . Late 

quartz v e i ns , some containing economically significant 

grades of gold-bearing arsenopyrite and s i lver-bearing 

galena , ·  cut the . s ou thern part of the ' Carcross pluton ' 

and th e Montana Mountain volcanic complex . 

ROCK UNITS 

Cache Creek G roup 

Amphi bol i te w i th thin,  interlayered l imes tone 

and chert crops out northeast of Montana Mountain . 

12 
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Exposures are s teep with a spl intere d ,  d ark. 

greenish-grey aspec t .  In  a cirque north of  Pooly 

C anyo? , weathering outlines northeast-dipping layers 

that may have been volcanic flows . Their thickness is 

4..nkhow n .  Th in sections of the amphibolite show 

urali tized c l inopyroxene phenocrysts in a chloritic 

groundmas s (viheele r ,  1 9 61 ) .  

The lower contact of the amphibolite is not 

;1.3 

e xpos ed . The Montana Mountai n  volcanic complex 

i ntrudes the s e  deformed rocks near Pooly Canyon . There 

the andes ite breccia ( equ ivalent to the Mount Nansen 

Group ) can be distinguished from the older C ache Creek 

amphibolite by its lighter weathering colour and less e r  

d e gree of recrys tall izat ion . 

Wheeler ( 1 9 6 1 )  ass igned the amphi bolite to 

the Taku G roup ; on a regional s cale the rocks mat ch 

des criptions of th e Nakina Formation in Atlin map-area 

to the southeast ( Aitken , 1 95 9 ;  Monger , 1 9 75 ) . The 

volcanic rocks , of probable Mississippian age, are 

cons idered by Mong er to be among the oldest units of 

the Cache Creek Group . 

Pods of ultramafic rocks are common in the 

C ache Creek G roup in  the Atlin Terrane . S everal 

s e rpenti n i z ed pyroxenite bod ies are exposed in new 

roadcuts near W indy Arm, and a 500 m wide plug occurs 1 
... 

'· 



km north of Montana Mountain . Th� latj:er is f ault 

bounded between the volcanic complex and the ' Carcross 

pluton' that are younger, intruding s tructures ( Figure 

5). It is composed of s erpentinized dunite and gabbro , 

w i th antigorite veinlets and magnetite crystals ( to 1 

em ) near i ts margins . The contact is a sheared zone 4 

to 5 m wide occupied by mafic d ikes . 

L ewes River Group 

Rocks belonging to this unit occur in the 

s tudy area only as clasts with i n  Laberge conglomerate , 

although · they are extensive further to the west and 

north . I n  other places the vol canic rocks have been  

confused w ith the Mount N ansen Group ( Bostock and Lees , 

1 9 3 8  in Tempelman-Klu i t ,  1 9 74 ) .  Purple , grey and green  

· volcanic breccias ( fragments up to 1 m across ) ,  

plag ioclas e-phyric andes ite and volcanic wacke are the 

most common rock types . There are also thick reef 

complexes of upper Trias s i c  age farther north ( for 

e xample , Re id , 1 9 8 1 ) . Pyrocl as tic and conglomerate 

beds , from the lower part of the Lewes River Group , 

w ere noted by Wheeler ( 1 9 61 ) , 8 km west of Montana 

M ountain.  

Laberge G roup 

.1:4 

Lower Juras s ic cong,ldrnerate,  · s iltstone: and .,_ .. 
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Figure 5. 

Man lana Mountain 
r��w>---.-::;;:f'ic::r;:J;� 

View of the north end of the volcanic complex, looking south from 
Big Thing Creek (area about 2.5 km wide; location shown on Fig. 11). 
Intrusion of the 'Carcross pluton' (foreground) has thermally meta­
lnorphosed Laberge sediments (left) and volcanic breccia (both sides 
of Montana Mountain andesite bodies). Serpentinized pyroxenite is 
shearea along its contact with tHi! volcanic rocks. Clear area in·., 
centre is a snow-filled cirque. Sketch from photo. 

· -��� -�������-----· 
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shale of the Laberge Group flank the west boundary of 

the volcanic complex . Additionally, a narrow strip 

east of the complex s eparates younger volcanic and 

granitic rocks from the Nakina Formation . Best 

e xposures are found on Brute Mountain, a craggy ridge 

in the northwestern part of the s tudy are a .  H ere 

Wheeler ( 1 9 61 ,  p .  5 9 )  measured 1 1 0 0  rn of s i l ts tone and 

argillite ,  with greywacke beds increas ingly abundant 

upward in the section,  capped by 4 0 0  m of massive 

conglo"merate . Conglomerates occur as 1- 2 rn thick 

layers traceable for more"than a kilometre , as well as 

5 0  m to 3 0 0  m thick lens es that interfinger with 

g reywacke a long strike .  Rounded porphyritic volcanic 

clasts and granitic pebbles and boulders , mixed with 

more angular f ragments of greywacke ,  chert and 

quartzite make up the conglomerate . Clasts average 5 

to 10 ern, but many are larger.  Wheeler interpreted the 

upper part of the Brute Mountain s ection as a 

s ubaqueous alluvial f an deposit containing channels 

f i lled with l arger clasts . 

F ine clastic sediments of the Laberge Group 

are characterized  by a redd ish weathering rind 

resulting from oxidat ion of maf'i c mineral grains . ·The 

s ed iments are compositionally immature , cons isting of 

angular to subangular grains of feldspar ,  pyroxene and 

hornblende in a clay matrix .  Dark greywacke and finely 

16 
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laminated siltstone with argi llite rip-up clasts 

predominate on the eastern and southern sides of the 

volcanic complex . 

I n  Big Thing Creek , a poor exposure reveals 

Laberge s trata in disconformable  contact with Nakina 

F ormation , but elsewhere the Laberge Group is presumed 

to be faulted against the older rocks (Wheeler, 1 9 61 ) . 

The ' Carcross pluton ' also intrudes Laberge strata , 

incorporating xenoliths and interpreted pendants near 

the contac t .  Most sediments in the north part of the 

s tudy area were thermally metamorphosed to biotite and 

pyroxene hornfels ( see  also Wheeler,  1 9 61 , p .  8 9 ) . 

Mount Nansen Group 

Dirk Tempelman-Kluit ( pers . comm . , 1 9 8 0 ) 

f irst sugges ted that the volcanic rocks on Montana · 

Mountaih might be part of the Mount Nansen Group . The 

complex was found to have d is t inct and comparable 

f eatures to both the Mount Nansen volcanic centres in 

south central Yukon and those of the S lake Group in 

northwestern B.C . ( F igure 6 ) . These two groups 

comprise a late ·Cretaceous-early Tertiary volcanic 

suite distributed over 5 0 0  km . 

Mount N ansen Group, named by Bostock ( 19 3 6 ) 

in the Daws on Range ( Carmacks map-are a ) , is a 

heterogeneous ass emblage of and e s i te and basalt flows , .  

17 
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breccias and less common tuffs and agglomerate . A 

section measured by Bos tock included 3 0 0  m of 

fragmental rocks overlain by 3 0 0  m of grey, thin-bedded 

tuf f .  Most Mount Nansen occurrences are f lat-lying 

upon deeply weathered s edimentary rocks , and are in 

places intruded by granitic stocks . Bostock concluded 

that they were roof pendants of late Jurassic or 

Cretaceous age . 

Volcanic rocks with similar characteristics 

s outh of Mount Nansen were named the H utshi Group 

( Bostock and Lees , 1 93 8 ;  Wheeler,  1 9 61 ) . Recent 

mapping by Tempelman-Kluit ( 1 97 4 ) indicated that many 

occurrences are eqUivalent to the Mount N ansen Group . 

B ecause the Hutshi Group also included upper Triassic 

volcanic  rocks , its use has been abandoned . 

Based upon h is mapping in south-central 

Yukon,  Tempelman-Kluit ( 1 974 , 1 9 7 8 , 1 9 8 0 ) interpreted 

the Mount Nans en centres as remnants of plug domes and 

differentiated volcanic piles that were deposited on a 

d eeply dis s ected lafid surf�ce (flug domes are 

cylindrical masses of congealed magma or tephra that 

are pushed upward by gradual pressure , and not directly 

by e xplos ive activity ; _ . from Macdonald , 1 9 7 2 ,  p . . 3 78 ) .  

The Carmacks Group flood basalts cover l arge areas 

northeast of the Mount Nansen centres and were probably 

contemporaneous ( Churchill , 1 9 8 0 ;  Grond , " 1 9 8 0 ) .  

· · ·'· 
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The S loko Group , f irst des cribed by Aitken 

( 1959 ) in the Atlin ( B . C. )  map-area, includes 

d ark-coloured amygdaloidal · basalt and andes ite, 

overlain by volcaniclastic sed iments that .are 

interbedded w i th trachyte tuffs and brecc i a .  He 

reported volcanic piles up to 1 1 3 0  m thick. They are 

better exposed than the Mount N ansen centres , and 

commonly contain beds of coal,· s andstone and volcanic 

conglomerate . 

S outher ( 1 9 67, 1 9 7 1 ) des cribed several 

volcanic centres in Tulsequah map-area to the south . 

They cons i s t  of brightly coloured , intermed iate to 

acidic , d ominantly pyroclastic units 3-15 m thick . 

S ome textures observed on Montana Mountain res emble 

S outher ' s  des criptions of fluidal�banded rhyolite 

f ragments and flattened , devitrif i ed lenticles . 

F lat-lying beds and volcanic rocks bounded by steep 

normal faults led S outher ( 1 9 7 1 ) to suggest that 

s ub s id enc.e and related volcanism produced  some of the 

comp lexes which were preserved by down-faulting below 

the pre s ept eros ion level . 

ob tained from plant remains 

Late Cretaceous ages were 

interbedded with the 

volcanic rocks , and is otopically ( K-Ar method ) from 

adj acent plutons (Souther , ib id . ) .  

The Skukum Group (Whitehorse· map·-area ) 

contras ts with the Mount Nansen and Sloko u nits because  

·LU 
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it occurs wi thin the Coas t Plutonic belt and intrudes 

Paleozoic  and older rocks . The centres are located 

west of the trend of Mount Nans en  Group and are 

probably younger.  The B ennett Lake complex ( Lambert , 

1 9 7 4 ) is up to 3 0  km in diameter, and consists of two 

cycles of thick ignimbrite deposits overlain by 

increasingly mafic breccias and lava flows . Lambert 

concluded that maj or ash f low eruptions resulted in 

maj or s ta ges of caldera f ormation .. Evidence for the 

cauldrons includes ring faults and fault-block terrain . 

The s light age difference between the base and top of 

the volcanic succession ( 5 1  and 52 +/- 3 . 0  Ma; K-Ar 

meth o d ,  recalculated by Morrison et a l ,  1 9 79 ) suggests 

that the complex was formed in less than a million 

years ( L ambert, ibid . ) .  

Montana Mountain lies between the type 

l o�alities  of S l ok o  Group and Mount Nansen centres . 

A l though the rocks are similar in overall compos ition 

and age , it is noteworthy that descriptions of the two 

groups emphasize  dif ferent volcanic structures . The 

coarse Mount N ansen breccias and their massive 

e xposures suggest an intrusive style , but the fine 

fragmental layered rocks of the S loko Group probably 

formed composite volcanoes . I n  the Montana Mountain 

c omplex are feature� that imply both of these origins • 

I t  is an ideal locality to investigate the different 
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structural models that have been applied to s imil ar and 

probably contemporaneous rocks . 

Gran it ic  I ntrus ions 

Compos itionally variable plutonic rocks are 

e xposed north of the volcanic comple x ,  and may lie at 

s hallow d epths beneath it . They form the s outh end of 

a 2 2  km-long body informally known as the ' Carcross  

p l uton ' .  From the p luton about 3 km s outh of Carcross ,  

an age of  6 3 . 4  Ma was determined by Morrison et al 

( 1 97 9 ,  by K-Ar method ) .  

The typi cal  plutonic rock, a pink-weathering , 

medium- to coarse-grained granite to granod iorite 

( Figure 7 ) ,  is exposed in creek canyons at the northern 

l imit of the study are a .  Its mode is shown in Table 

I I . Salmon-orange calcite veining and xenoliths of 

d i oritic compos it ion are common . 

A d istinctive mauve- coloured variety of 

altered chlorite g ranite ; the ' mauve alteration type ' ,  

e xtends from the contact w ith the volcanic complex up 

to 3 km t oward the center of the pluton . Slightly 

oxidi zed fresh surf aces are easily mistaken for 

medi um-grained quart z it e .  Quartz h as a d istinct 

purpl ish hue ,  and mafic minerals ar� replaced by 
·, 
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the north part 
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Figure 7. �1odal classification of samples from the 'Carcross pluton' 

on the Q-A-P triangle (from Streckeisen, 1973). Symbols 

are shown in Table II. 
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c hlorite clots. N otably enriched in potass ium, it may 

b e  a margi nal phase of the pluton that forms a 'cap ' 

e xtending beneath the volcanic .complex. 

Along the contact with the volcanic complex,  

a zone 4-5 m th i ck of apl ite and alaskite borders the 

chlorite granite . . Commonly rus t-stained , it is buff , 

f i ne-grained and granular . Dikes of s imilar 

c omposition extend into volcanic rocks structurally 

above the pluton , and into ad j acent L aberge strata . 

The d ikes and border phase host tourmaline veinlets and 

drusy cha l cedony in fractures and openings . 

The ' Carcross pluton' is compos itionally 

variable and more granitic than rocks of the Coast 

Range batho l i th 15 km to the west ( see Wheeler, 1 9 6 1 , 

for comparison ) . Elsewhere, med ium-grained , 

miarolitic  and leu cocratic stocks and plutons are 

spatially related to Mount Nansen and S ldko volcanic 

centres ( Southe r ,  1 9 7 1 ) . 

Tempelman-Kluit (197 4 ) p roposed an intimate 

connection between the grani t i c  and volcanic rocks 

b ecause he ob served feldspar porphyry dikes that were 

gradational into both alaskite and extrusive Mount 

Nansen flows . S imilar fels ic  d ikes both below ,  and 

intrusive into,  the S loko volcanic piles were noted by 

S outher ( 19 71 ) . The synchronous nature of these 



25 

. - .  

'· intrus ions is postulated to result from relaxation of 

the compres s ive stress after arc-continent col lis io·n 

( Fi gu re 3 ,  after Tempelman-Klu it , 1 9 7 9 ) . 
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CHAPTER IV 

MONTANA MOUNTAIN VOLCANIC COMPLEX 

Introduction 

Breccias and lava flows correlated with the 

M ount Nansen Group occur in a roughly circular, 

h igh-standing area about 6 km across .  Montana 

Mountai n ,  Mount Mathe s on and'Dail  P eak are high points 

near its north , wes t and south margins respectively . 

T h i s  section describes the field relations of the 

c omplex, and defines rock units . I t  is succeeded by 

chapters on the stru cture and petrochemistry of the 

volcanic rocks . A conclud ing chapter pres ents a model 

f or the evolution of the complex, followed by short 

notes on its age and minera l i z at ion . 

General Descr iption 

.. 
The Montana Mountain complex cons i s ts of 

i gneous extrus ive rocksr with areas i nterpreted as 

s ubvolcanic breccias and plugs, as well as horizons of 

volcanic s e d iments . F igure 8 s h ows localities and . 

place names referred to in the d es�riptions . 

26 
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Figure 8. Sketch map of the volcani c comp lex ,  showing localittes 
menti oned in the text. 'Math Lake' , 'Aurora Tarn' and ' Carcross 
Pluton ' are unoffi cia 1 names . 

� A1, A2 and B are stratigraph ic  secti ons ( Figure 9). 
1. Math Lake breccia 8. Fel sic breccia dikes 
2. Mountain  Hero breccias 9. Protomyl onite contact 
3. P ool y bench IHnimbrite 10. Faul t contact 
4. Aurora layers 11. Gradational brecciated contact 
5. Fl u i dal textures 12. Dai l  Peak fault 
6. Fl 0�1 banded outcrops 13. Matheson faul t 
7. Breccia dikes 
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Various brecci as are the most common rock type 

in the comp l e x .  Ext ens ive in the northern half are 

mas s ive , homogeneous bod i es of coarse fragmental rocks , 

here t ermed intrusion brecc ias , that. may have res_ul ted 

f rom subterranean stoping and churning . Layered 

brecc i as interpreted as ignimbrites and debris flow 

d epos i ts predominate in the central region.  The 

s ou th e rn s lopes e xpose over 1 2 0 0 m of lava flows and 

brecc i as .  Most layers are fl at-lying or gently tilted ; 

random d ips of units ne-ar intrus ions and margins of the 

complex were probably caused by f aulting that-

accompanied volcanic activity . 

I n  the Montana Mountain complex the rocks are 

o f  lower greenschist metamorphic grade and are 

g enerally undeformed . S ince Cretaceous time . this 

region has been emergent ( Souther,  1 97 7 ) and shaped by 

e ros i o n .  The  term 'volcanic centre ' ( s ource area with 

one or several vents ) refers in th is s tudy to the 

orig inal ed i f ice (complete dimens ions unknown ) while 

' volcanic complex' refers to the present,  deeply eroded 

s truc ture . The Montana Mo.untain complex is a remnant 

of a l arge centre that perhaps was situated over the 

' Carcross pluton' . Arching of the centre caused by 

intru s ion of the granitic magma may have escalated 

e ros ion of the volcanic edifice . 

I n  adQition to the complex are a f ew 

28 
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o ccurrences of volcanic rocks that may also be remnants 

of one large edifice . A local i ty southeast of Windy 

Arm des cribed by Monger ( 1 9 75 ,  p .  2 8 )  contains flows 

and breccias s imilar to those typical of the Mount 

Nansen/S loko Groups . At this locality they 

unconformably overlie the Cache Creek Group . Another 

occurrence, 15 km northwest of Carcross was mapped by 

Wheeler ( 19 6 1 ;  Hutshi Group ) and abuts the north end of  

the  ' Carcross pluton ' .  If  the volcanic centre covered 

reg ions now occup ied ·by the pluton, i ts primary vent 

area may now be entire ly removed . 

Two factors are important to the preservation 

of the Montana Mountain comple x .  Because lava flows 

and other extrus ive rocks are now exposed more than 6 0 0  

m lower than adj acent ridges o f  older Laberge sed iments 

through whi ch they have intruded , down-faulting of the 

volcanic rocks mus t  have occurred . Fault zones form 

the southern and southwes tern boundaries of the 

complex , suggesting that block sub s id ence, rather than 

regional ·faulting, occurred . Add itionally, the higher 

e levat ions ad j acent to the 'Carcross pluton' suggest 

that thermal metamorphism during intrus ion of the 

grani tic rocks has increased the res is tance of 

s urrounding rocks to weathering . The present erosion 

surface of the volcanic complex is thus at a higher 

s tratigraphic level than that of ·rocks in the 
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s urrounding region • 

Metamorphi sm and Alteration 

Four types  of alteration and metamorphism 

- h ave  aff e cted the complex: 

1 )  Alteration and probab l e  devitrif icat ion 

p roduced homogeneous aphanitic textures ; 

.;( .. ) S au s s er it i z ation by meteoric waters and 

hYdrothermal f lu ids; 

3) Thermal metamorphism due to magmati c  

i ntrus ions; and 

4 )  Local ox idation, hydration and bleaching of 

rocks adj oining conduits of s i l ica-rich fluid s .  

N on-fragmental volcanic rocks are med ium to 

d ark green or grey , f ine-grained and of lower 

greenschist metam?rphic grade . Thin sections of f low 

rocks show oligoc lase partly 9.�mverted to alb ite , and 

rare actinol ite,  s ome of wh i ch replaces aug ite . Iri 

: .;3-Q . 

most s amples the groundmass is composed of p lagioclas e 

microlites . and altered glass w i th a hyalopil itic 

texture . P atches and vugs of s econdary quart z ,  

c hlori te and calcite are ub iqu itous in the flows . 

Fragments in volcaniclastlc rocks are 

commonly metasomatized . Tuffs are altered to tough,  

s l i ghtly por�s aggregates of chlorite , actinolite and 
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alb it e . Probable bombs in beds near ' Aurora Tarn ' are 

e xtens ively converted to epidote . Lenticles are rimmed 

w ith quart z ,  chlorite and d ark clay minerals in 'some 

pyroclastic  f ragments . Although textures of moderately 

welded pumi ce fragments are preserved ,  some fragment 

components have altered to clays rich in iron oxides . 

Subvolcanic intrus ion brecc ias are laced with 

veins compose d  sequentially of chlorite-epidote-quart z ,  

quartz-feldsp ar intergrowths ,  and quartz-tourmaline . 

T h is order suggests increas ing temperatures that may 

h ave been caused by .Plutonic intrus ion. Many 

well-rounded clasts have th ick , epidotized rims . The i r  

s u s ceptibility to alteration; as well as to erosion, 

could have resulted from higher poros ity and larger 

grain s i z e  than other fragments in the brecci a .  

Around the southern end of the 'Carcross 

p l uton' , rocks are d arker, and volcanic textures are 

obscured in an aureole 100-250 m w ide . Hornblende and 

b iotite crystals in these rocks are up to 2 mm long . 

·Although coarse brec�' ias and layered: rock types are 

recognizable , many f ine-grained rocks in this zone are 

more appropriately identi fied as hornfels . 

O x idat ion and hydrat ion along faults , felsic  

d ikes and quartz veins have res ul.ted in  thick 

s ericitized  envelopes that obliterate original 
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mineralogy anp obscure ·primary textures. Rocks 

surrounding the Venus quartz v e in contain cons iderable 

l imonite and yellow iron oxides, as well as pyrolucite 

and i rregular concretions of dark brown yukonite 

( S abina, 1 9 7 2 ) .  This soft altered rock was the-s ite of 

many of the e arly mine workings . 

S tratigraphy 

Stratigraphic  s ections through layered 

volcanic rocks exposed in the long s outhern s lopes and 

in c irques in the centre of the complex are depicted i n  

F igure 9 .  Althoug� layering can be v i ewed from a 

dis tance, in outcrop primary features are rarely s een  

and contacts are d if f i cult to d i s tingu ish. Because  

many volcanic units are l
.
enticular and bedd ing highly 

variable, the sections provide only general examples of 

the stratigraphy . They are useful to indicate 

proportions of var ious rock types and may illustrate 

general trends or changes that occurred in the 

volcanism.  

The south section (A),  from th.e shore of. 

W indy Arm through cliff bands to Dail Peak, is 

d is located by a 10 �50 m wide fault zone at an elevation 

of 5 7 0 0 ' ( 1 7 4 0  m ) .  This break, referred to as the Dail 

P eak fault, is  s i g n i f i cant because the layered rocks 
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Figure 9. Stratigraphy of the south s i de and center of the 
Montana Mountain vo 1 cani c complex .  Locati ons are 
shown on Figure 8 .  
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and their attitudes do not match a cross it • 

The lower part of the section (Al l cons ists 

of at least 9 3 0  m of dark green mas s ive lava flows and 

breccias that  d ip gently to moderately south ( outward 

f rom the centre of the complex ) .  Andes ite and dacite 

comprise 7 3 %  of the success ion , commonly as flows 

averag ing 1 0  m thi ck . Those at lower elevations 

contain horizons of spherical and elongated ves icles 

( 1-4  mm long ) that are commonly filled with calcite and 

c lay minerals . Andes i te breccias ( 5 % )  consist  of 

blocky , angular to sub-rounded cobble-sized fragments 

.that are compos itionally s imilar to the enclos ing 

matrix ; but are d is tinguished by different hues 

( commonly maroon ) and. greater ves iculari ty • .  They are 

i nterpreted as lava f low-top breccias . Other breccias 

are lent icular bod ies 2-10 m thi ck containing 

heterolith i c  fragments , and are probably intercalated 

pyroclas t i c
. 
flow and laharic ( debris flows composed of 

volcanic fragments in a fine matrix ) depos its . 

The section above the fault (A2 ) follows 

craggy spurs to Dail P e ak .  Although contac ts and 

textures are obs cure in the oxidi zed rocks , ' the 

succession appears to cons ist of grey-green and maroon 

porphyritic lava f lows overlain by heterol ithic 

brecc ias . The upper 1 5 0  m contains a varied assemblage 

of f i n e ,  dominantly felsic  f ragmental layers that d ip 



gently s outheast and north . Because the latter exhibit 

flu idal textures with swirled , plastically deformed 

clasts ( Plate I ,  d ) ,  they are thought to have depos ited 

as agglutinate ( cooled spatter) depos its . These and 

· the pyroclastic beds on the summit of Dail .Peak are 

u nique in the complex, and may represent a later, 

s eparate period of volcanism. 

Section B ,  measured through rubble slopes and 

c l if f s  south of upper P ooly Creek, d isplays about 450 m 

o f  the internal stratigraphy of the comple x .  Light 

g reen-grey lava flows ( 5 5 % )  constitute the lower 

s ection,  with heterol ithic breccias and felsic rocks 

f orming recess ive intervals .· Whether the 

orange-weathering trachyte or rhyolite were s ills or 

t h i ck extrus ive flows could not be determined . Near 

the middle of the section, a moderately w.elded 

ignimbrit e . layer several metres th ick was encountered 

i n  rubble ( locality 3 ) . 

No marker units were d is covered . However , 

the two sections can be tentatively correl ated by thick 

felsic  layers whi ch separate the lower predominantly 

andes i tic flows f rom an upper success ion of breccias , 

ignimbrites and more felsic rocks . 

3 5  
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CHAPTER V ,  a 

DESCRIPTIONS OF ROCK TYPES 

LAYERED UNITS 

L ava F lows 

The dominant rocks ·in the southern two-thirds 

of the complex are blocky , dark gree n ,  · brown and maroon 

volcan i c  rocks interpreted as intermediate and maf ic 

lava flows . In large exposures they appear as uneven 

l ayers-,. from 5 to 1 5  m th ick , and some sub-hori z ontal 

u n its  are continuous over 2. _km . The package of lava 

f lows with intercalated breccias is at least 9 0 0  m 

thick south of Dail  P eak . 
_ ... �. . 

The' f low rocks are:· ·genE!:rally aphanitic ,  dense 

and relatively soft;  most are p artly recry s tallized to 

amplrlbole and ··chlorite aggregates . Fresh surf aces of 

ind ividual layers are d ark green,  purple , or a 

d is tinctive pale green . The chemical analyses 

( Appendix  A ) ,  ind-i c ate that the dark green · rocks 

( average 5 5 %  s i l i ca ) are of and esitic .
compos ition and 

that the __ l ight green rock type (64 %  s i l i c a )  i.s dac ite . 

About ' 25 %  o f  the lava flow units are 
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vesicular.  In  some outcrops at the head of  Pooly 

C anyon,  spherical and elongate amygdules up to 2 em in 

length comprise 2 0 %  of the rock . Ves icles are locally 

fi lled by calcite,  quartz or dark green clay 

( celadoni te? ) ;  in altered zones they contain ···epidote or 

l imonite . Cross s ections of the lava flow layers 

locally show horizons . of small holes ; in good 

exposures , changes in ves icularity are useful aids in 

locating contacts of individual flow units . Although 

most ves icles are smoothly rounded ( implying that the 

gas exsolved f rom relatively fluid magma ) ,  pinched and 

irregularly elongated bubbles in rocks near the Vault 

mine resemble vesicles of more vis cous ' aa '  lavas . 

Rocks with l arge and abundant vesicles are maroon or 

deep purpl ish throughou t ;  this oxidation colour 

sugges ts that s ome of the rocks were extruded 

s ubaerial ly .  

Most lava flow rocks �re mass ive �nd 

homogeneous . Flow structures , such as trai ns of 

ves i cles , g radual changes in abundance of phenocrysts 

and colour streaking were observed in some outcrops . 

C ontacts between lava flow units are not eas i ly 

d i s cerned . Those observed cons ist of : 1 )  thin,  

i rregu lar cracks above darkened zones ( 1 -5 em thick )  

and i n  places fracture d ,  epidotized rocks ; 2 )  abrupt 

changes in phenocryst content , ves icularity or 
....,.., .. 

;) ( 
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weathering aspect , and in places in the pattern and 

spacing of j oints ; and 3 )  breccia interbeds .  Some of 

these breccias , composed of monoli thic subangular·''lava 

f ragments , are interpreted as f low-top breccias ; other 

heterolithic types that may be l aharic depos its are 

des cribed l ater . 

S ome of the thi ck layers exposed in cirques 

a t  the head of P ooly Creek cons i s t  of several 

i ndividual flows ranging from 1-3  m thi ck . I n  mos t  

. p laces these flow s  appear conformable with each other , 

although a d i s t i nc tive pale green unit south of Aurora 

T arn overlies ·· different breccia types , · suggesting a 

s tep-l ik e ,  blanketing ' depos it . 

The l ayers are i nf erred to have been groups 

of f luid sheet lavas that spread over wid e ,  gently 

s loped areas . Most were extruded into a s ubaqueous 

environment,  but s ome highly vesicular and maroon rocks 

may have resulted f rom subaerial activity . The lava 

flows comprise at least 9 0 %  of the volume of the 

extrus ive part of the comple x ,  and occur throughout the 

exposed success i6n • Detailed examination and tracing 

of the flow units could l ead to recons truction of the 

morphology of the original volcanic centre . 
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Laharic and Pyroclastic Flow Deposits 

Unsorted , layered breccias composed of 

coars e ,  dominantly volcanic fragments suspended in a 

d etrital matrix are interpreted as flow depos its that 

were once surficial features of the. volcani c  centre . 

Most units are cons idered to have resulted from lahars , 

block avalanches and mud flows ; however those rocks 

containing chlorite lenticles and a ves icular matrix 

may have ori ginated as pyroclastic flows . 

The dark green and brown breccias have a 

blocky appearance, but cannot be distingu ished from 

lava flows at a d istance . In places the f ragmental 

textures are s imilar to those of subterranean intrus ion 

breccias , but can be d is tingu ished by : 1 )  detrital 

chips vis ible in the matrix;  2 )  a greater variety of 

clast  types and s izes , and 3 )  conformable or 

eros ionally d is conforrnable contacts . 

The breccias occur as tapered or lenticular 

beds with in lava flow successi ons ( s outh of Dail Peak , 

and at the head of Pooly Creek ) and compris e  a section 

more than 120 m th ick near the Mountain Hero prospect 

( locality 2 ) . The breccia layers at Mountain Hero are 

1 . 5 to 5 m th i ck ,  and their particular textures and 

d i s tinctive clast or matrix compos itions permit 

identificat ion in ad j acent outcrops where external 
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contacts are not exposed . Some of the f low depos its 

were extens ive ; a lay er noted f or abundant bluish 

quartz chips is exposed over 1 . 5 km in · the cirques of 

uppe r  Pooly . Creek . 

The matrix is commonly dark green to grey and 

comprises 2 0 %  to . 4 0 %  of  the breccias . Detritus ( 1-5 mm 

angular chips ) of  andes ite , dacite or quartz is almost 

a lways pres ent in the very fine-grained matrix .  Thin 

s ections show patches of  chlorite , and foliation within .. 
fragment tra i ns as if s ome flowage had occurred . Flows 

r i ch in glass are suggested by the isotrop i c  matrix in 

many of the - altered deposits . Eutaxitic chlorite 

lenticles up to 3 em long , commonly with tricuspate 

edges and th i n ,  streamer-like proj ections , may have 

been glass shards or pumice fragments . 

Clasts in flow depos i ts vary greatlx__ in s i z e , 

shape and · compos ition . Many weather light green or · 

maroon,  in contrast to the uniformly d ark green or 

brown fragments of intrus ion breccias ( des cri bed in 

Chapter V ,  b ) . The pebble- to boulder-sized clasts are 

commonly sub-angular and equant, and probably were 

derived from andes ite and dacite l.ava flows . Many 

clasts are vesicular or porphyriti c ,  and in s ome 

previous ly exis ting breccias , tuff layers and felsic 

volcanic rocks . 
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Most breccias in the Montana Mountain complex 

are unsorted and chaotic ( Plate I ,  a ) . Those 

i nterpreted as debris and pyroclastic flow depos its 

s h ow crude stratif ication in places , commonly as trains 

of l arge clasts sub-parallel to the base of certain 

f lows . Clasts are rarely touching,  but may be 

concentrated in broad or narrow zones ( 1 0  em to 2 m )  

s eparated by bands entirely lack ing or containing only 

small fragments . Fine-grai ned laminations that bend 

around l arger grains suggest some internal reworking 

d uring f i nal movements of the f low . Such unsorted 

textures , however, reveal l ittle about the environment 

of depos ition (Lajoie , 1 9 7 9 ) .  

C ontacts between debris flow depos its are 

s harp ,  irregular breaks . I n  many places they have 

s e rved as conduits for later solutions and are 

e xtens ively coated with chlori te,  but some deposi tional 

s u rfaces are .pris tine . At the Mountain Hero locality ,  

thin  s i lt s tone interbeds appear eros ionally truncated 

by the overlying brecc ias . Because the fragmental 

textures of debris flows are in places superficially 

s imilar to those of intrus ion breccias , depos itional 

·and semi-conformable contacts were useful cri teria to 

d is tingu i s h  these deposits from the intrus ive bod ies 

w ith steeply cross-cutting margins . Some of the 

d epos i tional breccias may grade into reworked 
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PLATE 1 - LAYERED BRECCIA TEXTURES 
� . .,.._..... ........ .. . .  . 

a) Fragments of massive andesite (rectangular ) ,  p(Jrphyritic 

andesite (rounded;  speckled) and quartz (white) in coarse 

granular matrix, now siliceous. Irregular lighter patches 

around same clasts are epidote alteration. From laharic 

deposit, Mountain Hera prospect: (locality 2) . Tape is marked in em. 

b) Ignimbrite containing grey lenticles (now chlorite) and mare 

rounded dacitic fragments (lighter grey) showing eutaxit:ic 

foliation. From Poaly Bench (l<;Jcalit:y 3) . 

c) Negative print: t:a shaw texture of matrix of _pyroclastic flow 

or tuf f .  Lithic tuff fragments (dark) shaw vague alignment: 

, in the patchy chlarit:ic groundmass. Fine dark ribbons near 

bottom are probably altered glass shards. Dark crass-cutting 

lines represent quartz-filled micrafract:ures . From Mountain ' 

Hera prospect (locality 2) . -

d) Negative print to show texture of pyroclastic fall deposits.  

Irregular, plastically deformed f elsic lit:hic, clast:s (lighter 

parts are hematite-enriched) containing euhedral, feldspar
_ 

phenocrysts and relict� of pumice and glass shards (dark) are 

enclosed in a sericit:ized matrix. From layers at Dail Peak. 

· .: . 
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epiclas tic sed iments , but because the outcrops are 

d i s continuous the rel ations are not cl�ar . 

These breccias are inferred to have been 

l ah ars , except where altered pumice and shards are 

present to suggest pyroclastic flow . depos i ts . 

D i s tribution of these breccias •Was influenced by the 

topography at the • time of  depos ition , and they are now 

d is continuou s ly exposed s o  that the d irection and 

d is tance to sOilrce area are unknown . Their great 

abundance and th ickness  in central regions of the 

c omplex suggests that these breccias may have occupied 

a depress ion withi n  the centre . Poss ibly they were 

shed  f rom an edif ice s ituated to the . north of the 

present comple x .  

Brecc i as that contain ·a mixture of primary 

and s e condary volcanic f ragments are unusual because 

they indicate that pyrocl astic eruptions mobilized 

coarse lithic debris . Three possible mechanisms have 

been suggested : 

1 )  An incandes cent gravity slide ( the ' Merapi 

type ' ash flow of Vl"ill iams , 1 9"5 7 )  caused by partial 

collapse of an active volcanic dome ; 

2 )  Eruption of a tuff-breccia formed within a 

volcanic condu it ( c . f .  P ars ons , 1 9 67 ) ;  or 

3 )  A f i s sure erup t i on at the edge of a sub_s i,�in.s.,,,,,._ , 
-� 

. . .;: . �-,:'; :  ..,..., � 
-

block which incorporated slumped s carp debris . 
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Although none of these possibilities can be 

definitely ruled out, the phenomenon of ash and rubble 

s lides orig i nating on the flanks of a volcano or 

growing dome ( #1 or # 2 )  appears most l ikel�. The third 

pos s ibility d epends upon recognition of a fault s c arp ; 

but none of the faults within the complex could -·be 

d i rectly l i nked either to volcanic activity or to thes e  

d epos its . 

Detailed S tudy: Math Lake Breccia ( Locality 1 )  

A well-exposed breccia lens in cl iffs south 

of ' Math L ake ' provided an opportunity to inves tigate 

the nature of. layered breccia depos its . The exposure 

is an obl ique cross-section ( F i gure 10 ) about 50 m wide 

and up to 1 2  m th ick . The upper and lower contacts are 

generally parallel , d ipping moderately south . into the 

f ace . Above and below the breccia are th ick ( 15 m and 

greater than 5 m )  andes itic flows ; the upper one is 

uniformly porphyriti c .  Rubble covers extremities of 

the breccia body . The deposit appears to be � imited in 

extent because nearby the upper and lower lava flows 

are in contact .  

Large fragments are u nsorted and spaced apart 

in the dark matrix .  S ubangular mas s ive and porphyritic 

andesite and dac ite cobbles predominate ; they could 

have been derived from units lower in the volcanic  
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s uc ce ss i o n .  I n  add it i on there a re unusual f ragments 

s uch as one highly ves i cular maroon boulder and pebbles 

of  p i nkish  quartz; their source is unknown . 

The d ark matrix  of the breccia is filled with 

angular ande s ite fragments and quartz ; in places fine 

laminations appe ar plastically deformed . B ecaus e 

boulder-s i z ed · c l as ts are supported by the matr i x , · it 

may have . bee n  a thi ck mud .. White clay rims on some 

f ragments s u gg e s t  reaction with the matrix ,  probably 

d u r i n g  reg i onal low-grade metamorphism . Breccia d ikes 

c u t  the matr i x ,  clasts , and .overly ing andes ite . 

·. 
·. 

c;:. om·ygd aloidcl 
0 cfos! s 

I 
ossive 

andesite flow 
I I I 

o-=-c==-s 
cliff exposure 
•lopes 3 5 °  NE 

F .  1 0  s·ketch map o f  the Math Lake brecci a ( l ocal i ty 1 ) .  _, gure . 



That the Math Lake breccia was d eposited 

( rather than inj ected ) between flows is shown by 

d ifferences in its upper and lower contacts . The 

breccia d is conformably overlies a mass ive lava flow 

which contains partly a s s imilated andesite fragments ; 

the upper surface of which may have been a flow-top 

breccia.  Th is contact is unaltere d ,  and s ome clasts in 

the Math Lake breccia body form vague trains parallel 

to i t .  The upper contact of the breccia has small 

offsets ( 10-9 0 em ) and a d ark, s i li ceous rim 1 - 5  em 

thick . H ornblende porphyroblas ts fill irregular 

alteration patches along this z one . In one place , the 

overlying porphyritic and e s i te intrudes 5 m downward 

i nto the breccia bod y ,  suggesting that it may be a 

crack fill ing .  The bre cc ia must have been 

well-consol idated to open fissures and remain 
. . 

undeformed by the overriding lava flow .  

The Math L ake breccia is interpreted as a 

s lide that consol idated rapidly after depos ition . I ts 

upper surface was probably baked and inf illed by the 

s u cceeding lava flow . 

Detai led S tudy : Mountain  Hero Breccias ( Locality 2 )  

Outcrops along MC5fitana Creek near the 

Mountain Hero prospec t  ( e levation 5 6 0 0 ' /1 7 1 0  m) cons i s t  

of f i ne fragmental rocks i nterpreted as laharic and 
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pyroclast i c  flow depos i ts .  They comprise a layered 

succes s i on at leas t 2 5 0  m thick , interbedded with minor 

lava flows . Relati on of these beds to the volcanic  

pile to  the south is  not known , but their moder'i!te d ips 

and higher elevation imply that they are younger . 

About 2 0  s eparate breccia layers ( Plate II , 

a ) ,  from 1-10 m th ick,  were recognized . Depos itional 

contacts are expos e d ,  including a smoothly undulating 

surface of · andesite overlain by heterolith i c  breccia 

( P late I I , _ c ) . Some breccia layers are separated by 

thin argillaceous partings .that lie conformably on the 

flow beneath , but appear erosionally truncated by 

breccia above ( Plate I I , b )  . . 

Clas ts in Mountain Hero breccias range from 

1-2 0 - cm, al though sparse larger clasts are concentrated 

in s everal coars er layers . . Most are d ark-coloured , 

fine-grained , and vesicular ;  they were probably d€rived 

f rom lava flow rocks . 

· ._.;.. . 
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Dark argill aceous matrix forms . more than · half 
..• ,T.'I:(l-·. 

of mos t  brec.cia layers . I t  may have been ash ,  now 

recrys tal l i z ed to sericite . S ome layers contain 

angular chloritic knots and lenticles that may be 

altered shards or ash , as well as chips of andesite and 

blue quartz . I n  thin section the matrix shows 

microve s i cular fiamme replaced by clinozois ite . The 
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PLATE II - LAYERED BRECCIAS 

a) Breccia layers at Mountain Hero prospect (locality 2) . The 

rocks have b een subj ected to low grade regional metamorphism, 

and break along weathered j oints .  The layers are 2:-3 m thick 

and contain p ebble-sized and smaller fragments .  Inset area 

is shown in (b) . 

b) Siltstone and shale between breccia layers in (a) . White 

streaks are manganese and iron precipitate along · fractures. 

The upper contact is irregular and in places disconformable 

with the overlying breccia. F,om locality 2 .  

c) Lower contact of laharic breccia (at hammer point) . The 

upper surface of the vesicular andesite is uneven and polished . 

The overlying breccia contains scattered large clast s ,  but these 

are not present immediately adjacent to the contact . From 

below the Mountain Hero prospect (locality 2) . 

( 
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combination of altered pumice and f iamme indi cates that 

both solidif ied and partly molten clasts were present . 
' . 

Along fractures , surface textures are obl�terated by 

mottled chloritic alteration . 

Depos i tional contacts , internal homogeneity 

and contras ts between breccia layers suggest fragmental 

f lows or s lides were depos ited in the Mountain Hero 

area . Plas tically deformed lapilli  and the 

predominance of small clasts suggest that they were 

concurrent with explos ive erupt ions . 

Ash Flows - Pooly Creek I gnimbrite ( lo cal ity 3 )  

I n  this study , the term · ' ignimbrit.e '  i s  used 

to des ignate the rocks formed from the depos ition and 

c onsolidation of ash flows ( Lambert ,  1 9 74 ) ,  but do not 

contain abundant l i th i c  blocks ( a  characteric of 

pyroclas tic flow depos its des. cribed previously ) .  An 

ignimbrite :j.s exposed on a bench in cliffs at an 

elevation of 5 3 0 0  ' /1610  m on the south side of upper 

. P ooly Creek . It . occurs within a layered su ccess ion 

i nterpreted to be laharic depos its , .volcaniclastic 

s e d iments and lava flows (lower stratigraphic se·c�on 

B ,  Figure 9 ) . The whi te-weathering bou lders tha t  cover 

a 2 5  m by 5 0  m area contain dark , chloritized lenticles 

that show eutaxitic  fol iation (Plate I ,  b ) . 



c These devitrif ied pumi ce shards compose 

1 0 -1 5 %  of the rock . Their leng th to thickness ratios 

are between 2 and 1 0 , which is w i thin the range of 

partly welded ignimbrites - determ ined by Lambert ( 1 974 , 

p .  2 6 ) . Less common 1 0  em clots are not f l attene d ,  and 

contain 2 mm equant feldspar phenocrys ts . P robably the 

crys tals formed deep w i th in the volcano before their 

e ruption ,  and the clasts may have been partly 

solid ified when they were ej ected from the vent . 

Lap i l l i-s i z e  and smaller lithic clasts form 

up to 5 0 %  of  the rock; l ight grey· microporphyri t i c  and 

rhyolitic  fragments predominate • .  Others include finely 

l aminated chips resembling s i l ts tone fragments , and 

med ium-grained leucogranitic pebbles that ind icate the 

magmatic source for this ignimbrite . 

. -

Two poss ib i l i ti es for the origin of the 

i g n imbri te may be cons idered : ·  1 )  it was emplaced 

during a d is tinct , probably short-l ived explosive 

eruptive phas e ;  or 2 )  .it could be a distal volcanic 
. . . · -

depc;.s it derived from · a  centre s imultan·eotisly" ' erupt ing 

e ls ewhere . If the depos it- was derived within the 

complex,  the felsic and ves iculated fragments could be 

rela�ed to unwelded pyroclastic depos i ts near Dail P eak 

( follow.ing description ) .  
. ·. -

The ignimbri te may have 

erupted l ate in the period of volcanism, because 

granitic clas ts resemble those of  the ' Carcross pluton ' 
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that later intruded the volcanic comple x .  The second 

pos s ibility is based upon the textural and 

compositional s imilarity of this rock to ignimbrites of  

the MacAuley Creek Formation in  the Bennett Lake 

complex ( Lambert , 1 9 74 ) .  Volcanism at Bennett Lake is  

thought to  have occurred s ome 1 0-15 . mi l lion years later 

than at Montana Mountain,  and poss ibly some of its . 

effus ive products were pres erved in deep depress ions 

( such. as a possible caldera at Montana Mounta i n )  2 0  km 

d is tant . 

Pyroclas tic  Fall Deposits  

Fragmental rocks that show good s orting , 

stratification, and contain vesicular and altered 

pumiceous f ragments are .interpreted as tuff , 

lapilli-tuff and �gglomerate . The two occurrences , on 

Dail  Peak and in upper Pooly Creek , ·  are d ifferent. in 

character but both appear to be near the top of the 

volcanic success ion . 

Detailed S tudy : Aurora Layers ( Locality 4 )  

Cliffs along the south sid€s of a rectangular 

tarn ( informally named after the abandoned Aurora adit  

nearby ) cons ist of lava flows and two layers of thinly 

s tratified pyroclastic depos i ts and s e diments 15 to 3 0  

m th ick . 
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The layers are interpreted as beds of 

pyroclast i c  e j ecta and reworked tuffs . They are 

i ntercalated w i th th i n ,  h ighly ves i cular lava f lows 

that have irregular protuberances on upper surfaces 

which resemble p i l l ow s . Hollows in the irregular flow 

top are i n fi lled by laminated grey claystone and 

s iltstone, whi ch s h ow soft sed iment deformation 

s tructure s . S ome of the sedimentary layers appear 

truncated by eros ion ,  and .exhi b it dark, siliceous rims 

. in contact w i th l ava flows , pos s i bly the result of 

bak ing by the over-rid ing lavas . 

F ine-laminated beds are 1-7 m thi ck and 

continuous over 2 5 0  m .  Weathering highlights 

a lternating bands of med i um- and fine-grained 

recrystall i z ed minerals , but s trati f i cation is barely 

d is cernible on the dark fresh surfaces . · I n  thin  

s ection ,  a dense  mesh of  plagioclase and actinol ite 

s hows slight  d i fferences in grai n  s i z e  coincident with 

s trati f ication . Uncommon 1-3 mm l i thic clasts ( Plate 

I I I ,  c )  and tricuspate fragments that may be 

r-ecrysta l l i z ed broken bubble-wall shards are present • 

. ·.: 

At least two of the f i ne-grained horiz ons 

contain cobble- s i z ed fragments with irregular or smooth 

symmetrical shapes ( P late I I I , a } �  Because elongate 

ves i cles i n  the clasts l ie at ang les to the 

s tratifi c a t i on of the enclosing tuff s ,  they must be 
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P LATE I I I  - V OL CANI C LAS T I C  TEXTURE S ( L o c al i t y  4 )  

· a ) Ep i d o t i z e d v e s i cular f r a gme n t s  i n  f i ne-gr ained l aye r s ,  
( d a s h ed o u t l i n e s )  i n t e r p r e t e d  a s  bomb s . F r o m  Aurora 
l ay e r s  ( l o c a l i t y  4 �  

b )  W e a t h e r e d - o u t  b o u l d e r  b e l ow o u t c r op in ( a ) consi s t s  
o f  v e s i c u l a r  c o r e  and s i l i c e ous rims ; i n t e r p r e t e d  to 
be a s p i n d l e  b o m b� F r o m  Aur o ra l ay e r s  ( l o c al i t y  4 ) , 

c )  Mi c r o t r a chy t i c  c l a s t s  ( up p e r  le f t )  in � e r i c i t e - chlor­
i t e  ma t r i x ,  i n t e rp r e t e d  t o  b e  a lithic f r a gment in 
d e v i tr i f i e d  tuf f .  F r o m  Aur o ra l ay e r s . P o l ar i z e d  l i g h t .  

d )  L i t h i c  f r a g me n t , q u a r t z  chi p s  ( wh i t e )  and chl o rite 
le n t i c l e s  ( d ar k  clo t s ) .-.i n f.;i..ne c l a s t i c  g r o undmas s .  
� r o m  d e b r i s  and- a s h  f l ow near Mountain H e r o  p r o s p e ct . 
P l ane l i gh t . 
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exotic · fragments ; at least some are bombs . Talus 

fragments show characterisic  shapes with highly 

vesi cular cores and concentric rims ( P l ate III , b ) . 

Along the north side of Pooly Creek valley 

are several outcrops of th in , alternating maroon and 

green beds . Weathering outlines sand- and silt-sized 

clastic  textures indicating normally graded bedd ing 

1-10  em thick· with abundant soft-sed iment deformation . 

The beds may be ash layers that are now recrystallized . 

D i s continuous lenses of coarse , clast-supported debris 

eros ionally truncate the fine sediments . 

The Aurora layers are accumulated products of 

volcanic activity and eros ion. They were probably 

depos i ted in water, and could represent infilling of a 

central depress ion . 

Dail Peak Layers 

The summit cone of Dail  Peak ( 63 0 0 ' /1920  m )  

consists o f  gently south-d ipping ox idized breccia 

layers , 7-10 m th ick , containing amygdaloi dal maroon, 

greenish and turquoise ( alterat ion colour)  f ragments . 

S ome clasts have , interd igitating boundaries and 
_._,_, --

foliated lenticles 1-4 mm long that may be collapsed 

gas cavities . Layers below consist  of fine oxidized 

matrix .. enclos ing flattened , irregular-edged lapilli  
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( P late I ,  d )  and sparse felsic cobble-s ized clasts . 

Thin sections of the matrix show vaguely aligned broken 

feldspar phenocrysts that are corroded and f i lled with 

inclus ions . Granular pyrite,  probably fill ing vugs , is 

abundant in the lower layers . 

· Dail Peak brecc ias have eutaxi tic textu res  

that resemble those of hot  ash tuf fs . F;ragments in 
cc_ 

s ummit layers appear plastically deformed and may have 

been molten when they i'lere depos ited . Their 

s tratigraphic  pos ition , at the top . . of the layered · 

volcanic succession,  and fels i c  compos ition suggest 

that they may have bee n  accumulations of  pyroclastic  

spatter derived from eruption -of sheeted trachyte or 

latite dikes with similar composition that are abundant 

i n  the units immed iately below . 

·· :·.,.� · · .. 
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CHAPTER V,  b 

INTRUSIVE UNITS 

� "' - . .  

I ntroduct ion 

Three distinct intru s ive rock types are 

recognized in the Montana Mountain comp lex . I ntrusion 

breccias and plugs , as well as fluidal l ayerin g ,  were 

investigated because their interpretation bears 

s ignificantly upo.n models of the evolution of the 

comple x .  Fels ic and breccia dikes are then briefly 

d e scribed . Quartz veins are treated in a later chapter 

because they were precipitated f rom · s olutions rather 

than intruded as solid or semi-sol id magma and appear 

to be later than the main volcanic activity .  

Andes ite P lugs 

Large bodies , includ ing the · masses compris ing 

Montana Mountain,  Mount Mathes on and s teep-sided ridgei 

west of them are compos ed of homogeneous porphyritic 

andes i t e .  The rock is med ium green or grey, fine 

graine d ,  and contairns 10-2 0 %  oligoclase blades up to 5 

mm lon g .  In  a few places , equant epidote has 

pseudomorphed hornblende phenocrysts . No ves icles , 

foliation,  or flow s tructures were d is cerned in these 
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rocks . 

The andes ite bodies are unlayered · and display 

regular vertical j ointing that extends from top to base 

of some exposures . Some apparently single masses are 

very large :  the bulk of Mount Matheson , up to 1 km wide 

( Figure 1 1 ) ,  has ·two sheer sides S O D  m high . Other 

bodies are smaller , but equally homogeneous ; a 

glacial ly polished knob north of Montana Mountain is 5 0  

m broad by 3 0  m high,  and of s imilar composi tion . No 

s trat i f ication,  breccia zones or alteration systems 

were observed in the bodies ; a marked contras t to other · 

rock units of the complex . 

The contacts of the andesite mass es are· 

mostly obscured by rubble ; those exposed are sheared 

zones or appear to grade i nto coarse breccias . 

Fragmen tal rocks , interpreted as intrus ion breccia ,  

surround the mass es . These bod ies l ack i nternal 

s tructures , but show pervasive and pers istent j ointing 

patterns , s uggesting that they s olidified as complete 

units . They could be cores of plug acmes . The masses 

are not remnants of lava lakes because layering and 

lava f lows are not common in the vici nity ( clas s i c  

examples . oe s cribeo by Mathews , 1 9 58 ; and Macoonalo , 

1 9 7 2 ) . Plug  oomes are cons istent w i th interpretations 

of the s urrounding breccias presented here . 
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L IO G E N D  
+ + + G ra n i ti c

. 
rocks 

· .· :· _: :.:·;._: . Al as k i te , a p l ite 

� Andes i te pl ugs 

I n t rus i on b re cc i a fragments 

•. A, L1 angul a r  
c , o ,  o s ub-rounded 

]rTJIJ) Lava fl o�15 c:,:::/; p a rtly as s i mi l ated 

• __,.-- • Att i tude o f  l �v a  fl ows 

Att i t ude o f  fl u i d a l  
l ay e r i n g  ( i ntrus i on b re c c i as ) 

Limi t o f  mapp i n g 

s i ze 

1 . 5- 3 [ 3-1 0 1 1 0- 80 
1 0-4o�; I• . 1  o .I (\ 
40- 70% [ •  < •[ c 0 ol CJ 6 
70- 90% lg�.l :lt,�.�! 0c0�·:'.:,!Qn\lt?" 

F i g u re 1 1 - Geol ogy o f  the n o rth end o f  the vo l c ani c compl ex , 
s h m·1i n g  t h e  d i s t ri buti on of i nterpreted p l u g ·  domes 
a n d  i n trus i on b re c c i as . Shape , s i ze a n d  dens i ty of 
the b re c ci a fra gments are depi cte d V1he 1·e known . 
Numbers refe r t o  l oc a l i ti es ment i oned i n  tex t .  
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S ubvolcan i c  I ntrus ion Breccias 

11atrix-supported breccias cons isting of 

. c lasts tha t  are angular to well-rounded predominate in 

the  north part of the complex . They are bel ieved to be 

u nlayered because cl iffs show mass ive , well-exposed 

breccias that extend vertically for tens of metres . 

Andes ite clas-ts weather brown in a lighter , more 

s il iceous- looking matrix (Plate IV, a ) . Irregularly 

o riented fluidal . layers within the intrus ion breccia 

are diagnost i c  of this unit.  

The contacts of breccias against other rocks 

are rarely exposed.  I n  exposures near the andes i te 

masses previously des cribed,  f ragments increase in s i z e  

and are more tightly fitted together, so that breccia 

appears to grade i nto mass ive· andes i te .  On spur ridges 

i n  N orth C anyon of  Pooly Creek, s imilar breccias form 

p ipes 30 to 5 0  m in diameter with steeply s heare d ,  

e·ncircling' contacts . Larger bodies near Mount Matheso n  

and Montana Mountain contain many cross-cut-ting 

relations ( P l ate IV, b )  that suggest the breccia 

resulted f rom multiple intrusive events . 

I n  contrast to the detrital groundmass of 

f ragmental flow depos i ts ,  intrus ion brecc:las contain an 

i nterlock ing crystall i ne matrix between fragments . I t  
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P LATE IV - INTRU S I ON BRE C CIAS 

a) R o u n d e d  and i r re gu l a r  e p i d o t i z e d  f ragments in s i li c e o us 
mat r i x ;  H a mm e r  h a n d l e  i n  s ha d o w  i s  4 0  e m  l o n g .  F r o m  
i n t ru s i on b r e c ci a  2 0 0  m .n o r th o f  M o n t ana Mountain .  

b )  B r e c c i a  wi th an g u l a r  c l a s t s  c r o s s cu t t in g  i ntrus i o n 
b r e c c i a  c o mp o s e d  o f  sma l l e r , cl o s e ly sp aced frag­
m e n t s . F r om c l if f s  3 0 0  m w e s t  o f  ' Math L ak e ' .  

c )  H e t e r o g e n e o u s  b r e � � i a  n e a r  L a b e r g e c o n t a ct c o n t ains 
s m o o t h  r o u n d e d  cl a s t d  d e r i v e d  f r o m  ad j a cent grey� ack e ;  
an gul a r  b a n d e d  f r agme n t s ( a b o v e  p �c k )  a r e  and e s i ti c .  
F r o m_ � km e a s t o f  Mo nt ana Mn un t a i n .  
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P L AT E  V - I N T RU S I O N BRE C C I A  MI C ROTEXTURES 

AND F L U I DAL. LAY E R I N G  

a )  T w o  and e s i t e  f r a g me n t s  ( t o p  a n d  b o t t o m ;  n ow c o ns i s t in g  
m a i n l y  o f  p l a g i o c l a s e  m i c r o l i t e s )  i n  in t r u s i o n  br e c c i a  
m a t r i x  c o m p o s e d o f  s e r i c i t e  and i n t e r s t i t i al q u a r t z ,  
w i t h  m i c r o l i t i c  c h i p s . P o l a r i z e d  l i gh t . F r o m  br e c c i a  
3 0 0  m N W  o f  M o n t a n a  M o u n t a i n .  

b )  F i b r o u s  qu a r t z - r ilDm iing v u g s  i n  r e c ry s t a l l i z e d  m a t r i x  
o f  i n t ru s i o n  b r e c c i a  w i t h  f e l d s p a r m e g a c r y s t s  ( d a r k  
e u h e d r a l  s h a p e  a t  m i d d l e  r i gh t ) . F r o m  N o r t h  C any b n ,  
P o ? lY C r e e k . Plane light. 

c )  F l u i d al l a y e r �  w i t h .  m e d i um- g ra i n e d  W.@a t h e r e d  s u r f a c e s  
( g r e y )  a n d  s i l i c e ou·s l a mi n a e  c o n t a i n ing d a rk c l a s t s  • . F r o m  2 0 0  m N o f  M o n t a n a  N o u n t a i n .  T a p e  marked i n  em . ·  

d )  N e g a t i v e  p r i n t  t o  s h ow t e x t u r e  a t  t h e  m a r g i n  o f  
s i l i c e o u s  l a m i n a e .  C r y s t a l l i ne i n t ru s i o n  b r e c c i a  
m a t r i x  ( w h i t e ,  .at t o p )  i s  t r u n � a t e d  ( f i n e s t  l a m i n a e  a r e  
g r e y ; i r o n  o x i d e  p a t c h e s  a r e  wh i t e ;  n o t e  n o rm a l  

• 

a n d  re v e r s e g r a d i n g  n e a r  ce n t r e ) . C l a s t i c  h o r i z o n 
c o n t a i n s  m i c r o p o r p h yr i t i c  f r a gm e n t s  and b i o t i t e 

- c r y s t a l s . F r o m  l a y e r  i n  i n t r u s i o n  b r e c c i a ;  2 0 0  m· 
N o f  �l o n t a n a  M o un t a i n  • 

( 
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is a saussuritized mesh of seric ite , epidote and 

hornblende in which c l inopyroxene is replaced by 

c l i nozois ite .  Although now recrystallized , the 

coherent igneous textu re sugges ts that the breccia 

matrix was of mol ten , magmatic orig i n .  Scattered 

quartz-filled drus e s  ( P late V, b )  attest to gases 

contained in the mel t .  The breccias are dissected by 

abundant �hloritic and qu artzofeldspathic veinlets . 

I ntrus ion breccias have a high proportion of 

clas ts ;  commonly they are rounded , and cobble- s i z ed ,  

w ith rare boulders up to 2 . 5  m across .  Large pieces 

are roughly equ id imens ional , in contrast to fragments 

smaller than 10 em which have th in,  proj ecting corners . 

C las ts are well mixed and spaced evenly in the lighter 

matrix,  g iving the breccia a texture resembling that of 

a nutty fru i t  cak e .  L e s s  than 1 0 %  are ves i cular or 

p lagioclas e-phyric .  Most fragments are fine-grained or 

aphaniti c ,  and some corrosive reactions with the matrix 

are ind i cated by altered rims and partly as s imilated 

clas ts .  

Although most f ragments are dark and 

f ine-graine d ,  breccias near the edge of the volcanic 

complex are more heterogeneous . In  a cirque 1 km eas t 

of Montana Mountai n ,  hos t Laberge strata are 

progress ively more f ractured near the contact with the 

complex . Unusual amoeboid fragments in the adj acent 
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breccia are hornfels that could have been derived from 

the sedimentary rocks (Plate IV,  c ) . The breccia near 

. th is contact also contains med ium-grained leucocratic 

clasts that may be of plutonic origin, suggesting that 

some f ragments were vertica lly transporte d .  

The shapes o f  the intrus ion breccia bod ies 

and time of emplacement are unknown . Upper contacts 

are not preserved . I nd irect evidence , including a 

complete lack of extrus ive feature-s ,  the mass ive nature 

of the bod ies and intrus ive contacts , as well as 

u n common clasts of rocks that could have bee n  derived 

f rom beneath the volcanic pile , suggest late , 

s u bvolcanic emplacement.  

Fluidal L ayering 

With in the i ntrusion breccias are zones of 

coarse to f i ne laminations rang ing from 2 0  em to . 10 m 

thick .  S ome can be traced over 5 0  m through 

d is continuous outcrops , but these terminate in both 

d irections as apophys es into the breccia .  Because of 

their continu ity and f·eatures such as verti cal textu ral 

grading and i ncluded clasts ( P late V,  c ) ,  the zones 

might be mistaken for sedimentary beds.. In pl·aces , . 

h owever, the layers swirl and s tream toget.her, implying 

that they once moved as fluid s ,  and could not have been 

formed by g ravitational settling of the grains . 
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Flow layers appear restri cted to the 

i ntrus i on breccia of the comple x .  Some are well 

e xposed ( Figure 1 2 ) . They have sharp, undulating 

contacts which occas ionally appear to flow around 

pro j ections of the enclos ing rocks . Most d ip 

moderately to s teeply,  and lack preferred orientation . 

C l i f fs reveal th in vertical layers interpreted as 

s ubparallel d ike sheets around inclusions of 

s urrounding rocks ( Fi gure 13 ) .  

The flow layers are composed of a mesh of 

s e ri c ite with chlorite and plagioclase microlites , with 

v ariations in grain s i z e  ( 0 . 01 to 0 . 5  mm ) that are 

proportional to the weathering textures . Analyzed 

s amples of the fine , med ium �nd coarsest-textured 

l ayers ( Fi gu re 14 ) s h ow an increase in sil ica ( up to 

1 8 % )  and poEass ium in the fine laminae . Greater 

proportions of metal oxides and C aO in coarser layers 

suggest h i gher maf ic mineral and calcic plagioclase 

content . In  thin section, some laminae show trains of 

i nclus ions ( P late V ,  d ) ;  many of these have cores of 

b iotite and hornblende . There are faint swirl ing 

textures within the finest laminae . The microtextures 

and chemical variations attes t to crys tallization from, 

and emplacement by , a liquid . 

F l ow bands can be grouped into ' sets ' that 

are composed of coarse to fine textures ( correspond ing 
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Fi g ure 1 3 .  Fl ui d a l -banded sheeted di kes cutting i ntrus i on breccia 
near the northeast margi n of the vol can i c comp l ex. '  
Sketch from photo : l ooki ng wes t at l ocal .i ty 5 .  
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to the s i ze of the mi crol ites ) which for@ inversely and 

normally g raded sequences . I n  p laces . thes e ' sets ' 

appear synunetrical about the c entre of _the layer: 

normally-graded laminae below and reverse above , s o ­

that the f ine s ili ceous laminae are in the middle 

( al though these are less cons i stent or concordant with 

the enclos i ng coars er l ayers )- . Fine laminae also line 

margi ns _ of · breccia·  d ikes that cross cut all the layers . 

F l ow layers are interpre ted to have bee n  

conduits for fluids  es caping through the intrus ion 

_ breccia bodies ; they are typically exposed in cross  

s ection . The relations described could result  from 

d epos ition of cry s tals precipi tated from 

through-flowing magmati c solut ions . Mafic 

c ons tituents , represented by coarsest laminae , could 

h ave pre cipitated first to coat the walls of the 

f is s ure , and siltceoils or "volatile-rich res i dues filled 

the las t open spaces in the .centre . Asymmetric and 

truncated banding might have occurred when the fissure , ·  

a zone o f  weakness , was repeatedly opened and inj ected 

with-flu ids . 

Flow s tructures occur in - a  variety of 

geological s ettings but · are imperfectly understood . 

Fluidal textures s imilar to those on 1-lontana Mountain 

are pres ent in the matrix of a d i atreme breccia in 

northern Yukon des cribed by. Tempelman-Kluit ( 1 9 8 1 ;  
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photo p .  3 0 0 ) . There , angular sand- to boulder-sized 

clasts of country rock are evenly spaced in f i ne 

fluxion-textured matrix ;  a 3 0 0  m w ide central zone 

contains no clasts . The entire body exhibiti 

compos itional flow band ing,  which is attributed by him 

to i ntrus ion by fluidized magmas . 

Small vein systems wh ich crosscut both 

i ntrus ion breccias and · flow layers near Montana 

Mountain were examined for information about the origin 

of  flow bands . White-weathering guartzofeldspathic 

ve i nlets and larger dikes containing clasts of 

w all-rock form reticulate networks (P late VI , c )  in the 

i ntru s ion brecc ias and adj acent rocks on either side . 

B ecause dike walls are not symmetrical . and wall rock 

inclus ions are common i n  the dikes (P late VI , a ) , they 

appear t� be the ' non-dilational ' type ( that is , their 

width is due to eros ion of the walls , rather than 

f i ll ing of previous ly-opened cracks ) .  Reynolds ( 1 954 ) 

d e s cribed texturally s imilar granophyric veins in a 

Tertiary volcanic complex in northern I reland ana 

deduced that they were were emplaced as an abrasive 

spray with entrained molten particles . The subsequent 

d i s cuss ions cons ider f*uid ization as well as other 

mechanisms that might apply to the Montana Mountain 

breccia� and fluidal . . layers . 
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P LATE V I  - QUART Z O FELD S P ATHI C  DIKES 

a)  D e n d r i t i c  n e t w ork of  q u a r t z o f e l d s p a t h i c  i n t r u s i ons 
c o n t a i n i n g  w al l  r o ck c l a s t s  ( l e f t ) ,  an d s h ow i n g . 
n o n- d i l a t i o n a l  p a s s a g e  .ar o u n d  f r a gmen t s  ( l e f t · o f  
n o t e b o ok ) . F r om in t ru s i on b r e c c i a  o v e r l y i n g  gran­
i t i c  r o ck s ; 3 0 0  m n o r thw e s t  o f  M o nt ana M o un t a i n . 

b )  R�un d e d  a n d  j a gge d 
f e l d s p a t h i c  d i ke .  
k ni f e  b l a d e .  F r o m  

d a c i t i c  � l a s t s  in . �  q u a r t z o­
N o t e  o f f s e t  o f  cl a s t  a b o v e  
t h e  w e s t  e n d  o f  ' Ma t h  L a ke ' .  

c )  R-eY:i. cu·l a t e  f i s s u r e s  i .Cl. J,. a b e r g e g r e yw a ck e . F i n e  
s t r e am i n g  i s  o u t l i n e d  b y  d a r k e r  ch l o r i t e  a l o n g  
v e i n l e t s .  F r om ne a r  t h e  e a s t e r n  L a b e r g e ( p l u t on 
c o n t a c t  in B i g  T h i n g  C r eek . 
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D i s cussion:  1 )  Terminology of I ntrud ing Breccias 

The term " intrus ion breccia"  refers to rocks 

that have bee n  fragmented by . "mechanical disruption of 

country rocks due to the forcible intrus ion of magma" 

( H arker, 1 9 0 8 ; i n  Wright and B owes , 1 9 63 ) . This 

d e f inition contrasts with that of " i ntrus ive breccia " ;  

a broader term applied to all broken rocks that show 

cross-cutting . relationships . Several breccia  dikes in 

the Montana Mountain complex are included under 

" intrusive breccia " ; the former ,  more res tricted term 

i s  here applied  to areally extensive bod ies . Although 

the above d e f i ni�ion of intrus ion breccia con�otes 

) origin,  evidence for the " intru d ing magma" of the 

complex is ind irect . The intrusive bodies respons ible 

f or brec c i ation are inferred to be the mas s ive andesite 
. .  

plugs . Althoug h ·  this origin cannot be proven,  the 

i ntrus ive evidence is unequivocal . 

D i s cussion :  2 )  N ature of the Volcanism 

._....,�. --
·The 120  0 m ( or greater ) thickness of the 

complex and e xtens ive e xposure of intrus ion breccias 

s uggest that the origi·nal centre was chaYaC!t:tn:ized by 

frequent, .predominantly effus ive , volcanic activity . 

At centres where volcanism cons ists of long dormant 
) 

periods followed by cataclysmic eruptions , the record 
.:· .. 
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is often d e s troyed or f ragmentary ; If violent 

eruptions took place at th is comple x,  little would be 

pres erved of the intrus ive bod i es . The rock types in 

the complex and textures in the intrusive units have 

led to the c onclus ion that repeated,  relatively mild , 

i n trus ions predominated near the end of volcanic 

activity on the Montana Mountain are a .  

Discussion : 3 )  S ubterranean Brecciation 

Although breccias related to intrus ions 

cannot be observed as they form, fractured carapaces 

over plutonic  stocks ( w i th economic ' porphyry-type ' 

mineral i z at i on potenti al that has invtted extensive 

s tudy ) have many s imilar f eatures , and may have f ormed 

i n  a s imilar manner .  These breccias d iffer 

cons iderably .accord ing to the s trength , duration and 

rate of i ntrus ion.  Fracturing may progress rapidly 

because hydrothermal s olutions driven into cracks e xert 

u nequal pressures and act as a lubricant, facilitating 

d e tachment of the_ qverlying rocks . 

K ents ( 1 9 � 4 ) proposed guali tati ve breccia 
�:-.: 

terms ( F ig u re 15 ) based upon his observations of 

s u bvolcanic intrus ions at Andean copper prospects . The 

f irst si gns of bri ttle strain, consisting of shattered 

rocks rema i n i ng in place and commonly peripheral to the 

71 
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F i � ure 1 5 .  Stages cif b re c c i a t i on res�l t i n g  from per­
i o d i c or pul s i ng i ntrus i ve events . Comp i l e d  
from ph otos a n d  des cri pti ons · i n  Kents ( 1 954 ) .  
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intrusion,  are called . " rupture breccia" . Repeated 

shocks cause " subsidence breccia" , where detached 

blocks have caved into the intrus ion,  and " heave 

breccia" , in which fragments have been shifted and 

comminuted during a subsequent intr.u s i  ve pulse . -
"Kneaded" or "milled"  breccia,  characteriz ed by 

well-rounded blocks in a matrix of f ine debris , result 

from focussed pulsations . Accord i ng to Kents , they 

repres ent a final s tag e ,  beyond which fragments become 

ground to powder or are assimilated . 

I ntru:;;ion breccias on Montana Mountain might 

be cons idered an intermed iate stage , because 

well-rounded blocks are common . Comminution by 

mechanical means is ind icated by the gradational 

boundaries ( progre s s ively less-fractured rocks ) and the 

great ·extent of the intrus ion breccia bodies . The 

proposed mechanism is less  appropriate , however, to 

explain the -·great verti C:al extent and textu ral 

uniformity of the s e  bod ies . 

Breccia bod ies s imilar to but better exposed 

than Montana Mountain were s tudied by P arsons ( 1 9 6 7 ) i n  

the Absaroka Range (Wyoming and Montana ) .  There , 

and e s i te blocks s upported by tuffaceous matrix fill 

numerous vents and also o ccur as bedded pyroclastic 

flows which grade laterally into laharic breccias . 

Both vent and f low depo s i ts have . an igneous 
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microbreccia matrix ( dense angular grains in a 

pilotaxitic groundmass ) ,  and both contain aphanitic and 

microvesicular andes ite blocks that he concluded were 

derived from the vent walls . 

P arsons interpreted the Absaroka breccias to 

h ave formed as a .churning mass of blocks in a volcanic 

v e nt which period ically overflowed to cause debris 

avalanches . Ris ing plug domes may have generated the 

non-explosive eruptions . A similar mechanism might 

apply to the Montana Mountain breccias , although the 

relationships between intrusive and extrusive breccias 

are less clear . 

According to Gates ( 1 9 57 ) ,  relaxation of· 

bu i lt-up pressures can be more effective than repeated 

impacts for break ing rocks . Sudden drops in the 

pres sure of the magma chamber, perhaps due to rapid 

steam e s cape ,  cause compressed g as es in adj acent 

fractures to exert unbalanced stress es and spall rocks 

into the cavity . I n  add ition, a partial vacuum or 

'Venturi effect ' caused by the es caping gases may pluck 

rocks from the pass age walls . Thin,  curved or j agged 

fragment:;; that might be i ncorporated in this manner 

were not obs erved on Montana Mountain, but they may 

have been e lutriated within the chamber . Turbulent 

mixing i nd i c ated by fluidal textures and clasts suggest 

· percolating ·m·agma could have been important in the 
-··· • 
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formation of the comple x .  

D i s cussion:  4 )  Fluid  Abras ion and Transport 

' Fl u i d i z ation ' and ' Froth Flotation ' are 

processes  widely used in modern manufacturing and 

c ombus t ion industries . When j e ts of gas or spray pass  

t h rough liqu id or  parti culate bed s ,  rates of reaction 

and mi xing are greatly enhanced . The mechanism has 

numerous examples in geology ( Reynolds , 1 9 5 4 ) ,  and is 

relevant to d is cu s s ion of  some textures of Montana 

M ountain intrus ion breccias because it might explain 

t h e i r  great vertical extent , and the mixtu re of rounded 

and angular clas ts in a f ine-grained igneous matrix  • 

. T h e  fluidal layers may thu s  represent the final streams 

o f  the es caping flu ids . 

A d etailed examination of tuff-breccia pipes 

in southern Wes t  Germany . by Cloos ( 1 9 4 1 ) is a benchmark 

s tudy of fluid ized intrus ions . Orig inally these 

features were cons i dered explos ion-fall-back breccias;  

but C loos obs erved that orientations of included 

l imes tone clas ts were relatively und is turbe d .  He 

s ugges ted . th at the gre at eros ive power of comminuted 

wall rocks entrained by a gas s tream had widened 

f i ssures until l arge blocks subs ided into the pipe 

beneath ( Fi gu re 1 6 ,  a and b ) . 
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Fi g ure 1 6a .  Tuff dike composed of bas alt l api l l i  and f ine rock 
fragments from l ower hori zons , i n · addi ti on to l arge 
b l acks stoped from adj acent 1 i mestones . The margi nal  
i ntrus i ve tuff has fl ui dal textures and contai ns  com­
mi nuted wa 1 1 - rock fragments . From Cl oos ( 1 941 ) . . 

F igure 1 6b .  

. o  I 2. 1'11 �----'--�� 

\•!e 1 1 -defi ned contact of tuff pi pe ( to the ri ght)  
with l ocal ly  brecci ated l i mestone host .. 
From Cl oos ( 1 941 ) .  
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Reynolas ' ( 1 9 54 ) compilation of geolog ical 

examples of fluiaization emphasizea three 

characteris tics of gas -particulate bre ccias : 

1 )  the assoc iation of turbulent flow structures 

w i th well-rounaea clas ts that haa not been transportea 

far from the i r  source areas ; 

2 )  a lack of graa i ng ana other f eatures of 

seaimentary a epos ition;  ana 

3 )  the possible presence of aruses . 

Whether flu ia i z ation is important or 

7-7 

ess ential to the formation of intrus ion breccias cannot 

be es tablishea us ing these  criteria .  Drusy cavities 

are common in some parts of -the intrus ion breccia 

matrix ( Plate V,  b ) , but other criteria notea above are 

not necessarily unique to flui a i z ea breccias . 

___ ... . 

F ly_iaization , particularly involving a 

ves iculating magmatic l iqui a ,  rather than gas , coula 

conceivably a ccount f or observea textures , but 

a if ficulties remain w i th - th is interpretation . The 

mechanism is inaaequate _ tp explain the internal 

intrus ive rel ations , graaa tional marg i ns ana large 

fragments that appe ar suspenaea in the matrix .  I n  

contrast to most fluiai zea pipes ( a iatremes ) which are 

cylinari cal or flaririg near the surface and have 

aefined margins , intru s i on breccias on Montana Mountain 

are more extensive , ana ao not have clear-cut 



) 

{: 

78 

boundari e s . 

· D is cu s s io n : 5 )  Brecciation by Hydrothermal Systems 

The tradi t iona! theory that diatremes were .. 

caused by energi z ed gases  boring the i r  way to surface 

is supported by some ( Macdonald , 1 9 7 2 , p .  3 82 ) - ana 

ques tioned by others ( McB irney and H i lliams , 1 9 7 9 , p .  

5 4 ) .  The latter authors pointed out that high vapour 

pressures and large gas volumes are unlikely to have 

been generated by slowly cooling magma plugs . B ecause 

magmas do not v.e s i culate at great depths , high velocity 

g as e s  mus t  be generated within several hundred metres 

o f  the surface . An alternative theory , in which 

phreatic  ( s team )  e xplos ions propagate downward to 

breach magma chambers , does not universally apply 

because some breccia_ pipes apparently never reached 

surface . 

M cB irney and Williams ( 1 9 79 ) . propqsed that 

hydrothermal c irculating sys tems , driven by repeated 

intrusive surg es ,  create breccia pipes . In combination 

w i th mechani cal rupturing and g as streaming mechanisms , 

th is mode l  appears best to explain the features of the · · 

Montana Mountain intru s i on bre c c i a .  The remaining 

evidence of these sys tems are fluidal layers and 

quartz ofe ldspathic veinlets,  w h i ch may represent last 

s treams of fluid during waning s tages of volcani c 
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activity or later i ntru s ions . 

D i s cu s s i o n :  6 )  Character of the Residual Melts 

I ntrus ion of semi-vis cous res idual melts in 

pegmatite  d ikes was considered by Hyndman . ( 1 9 7 2 ;  

non-symmetrical flow band ing shown in photo , p .  8 2 ) . 

H e  reasoned that dissolved volatile components which 

b ecome increas ingly concentrated in a magma reach a 

' se cond boi l ing point ' , when the vapour pressure 

e xceeds that of the enclosing rocks , and the mobilized 

fluid  then crystall izes  in  closed fractures as 

pegmatites . On the other hand , it is noted that high 

concentrations of volatiles inh ibit crystal nucleation 

to produce f ine-grained rocks . �n thi s  way both the 

gradationally-textured layers and the fine s i liceous 

laminae could have formed in Montana Mountain breccias . 

The. cross-cutting relations , with abundant 

veins and alteration, ind icate several intrus ive events 

and fluid circulation sys tems . The proposed model for 

the north part of thEL complex incorporates two s tages : 

f irs t ,  rise of a congealed magma plug w i th in a breccia 

s leeve causing progress ive fracturing ; followed by 

churning and circulation of the volatile components 

through the fractured rocks . 

79 
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Bre c c i a  D ikes 

Two varieties of vol canic breccia dikes occur 

i n  the Montana Mountain complex . The more abundant , 

h e terolithic type , cons is ting of angular fragments in a 

chlorite-rich matri x ,  occur in the layered units near 

' Math Lake ' and are parti cularly common in the deep 

valley of the ' Matheson fault '  ( locality 1 3 ) .  A second 
" 

k ind , containing tightly packed , equidimens ional 

rhyol ite clasts in a s i l iceous granular matrix ,  was 

observed north of Mount Matheson . 

The chlori tic type f orms j agged , 

irregularly-tapering d ikes from several centimetres ·to 

metres in width ,  and up to 1 0  m lon g .  Their texture i s  

d i s tinctive , cons i s ting o f  sharp-edge d ,  pebble- to 

cobble-sized  f ragments that are j ammed toge ther , 

although not closely packed ( P l ate · VII , a ) . These 

d ikes are interpreted as the result of brief , violent 

i n j e c tions of broken rocks and g as es along fissures . 

I n  a few places the d ikes cons ist of fine debris and 

detached wall roc_ks , and lack heterol ithic  

( transported ) f ragments ( Plate VII ,  c ) . Such zones _ are 

thought to have occurred when constrictions blocked the 

f l ow of larger clasts . 

Mos t clasts are ves i cular ande s i tes or 

d ac ites that probably were loosened from walls of -- the 

· .: . .  · .  
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P LATE V I I  - B RE C C I A  DIKES 

a) C l o s e l y - p a ck e d ,  a n g u l a r ,  h e t e r o l i t h i c  f r a gm e n t s  i n  c l o r­
i t i c  mat r i x .  P r e s s u r e s  o f  emp l a c emen t a r e  i n d i -
c a t e d  by i n d e n t e d  c l a s t s  ( a r r o w s ) .  F r o m  M a t h e s on 
f au l t  z on e ,  s o u t h  of ' rl a t h  L ak e ' . 

b )  B r e c c i a  d�k e  c o n t a i n i n g  ra g g e d  chl o r i t i c  len t i c l e s  
( d ev i t r i f i e d  p umi c e ? )  and p a rt ly r e s o r b e d  d a c i t i c  
f.r a gmen t s  ( l o-w e r  l e f t ;  ben e a t h 2 e m  c a r t r i d g e ) . 

( 

F r o m  1 0 0  m we s t  o f  ' Au r o r a  T a rn ' . \ 

c )  Fine c l a s t i c  d ik e  c o n t a i n i n g  w a l l  r o ck f r a gm e n t s ,  wh e r e  
n o  h e t e r o l i t h i c f r a gm e n t s  have p en e t r a t e d . F r o m  1 km 
S of ' Aur o r a  T a rn ' . 

d )  S i l i c i f ie d  b r e c c i a  d i k e  c o n t a i n i n g  m i c r o p o r phy r i t i c  
a n d  fl ow- b a n d e d  c l a s t s  cl o ie l y  p a ck e d  i n  m a t r i x  o f  int e r­
s t i t i a l  r o ck d u s t .  T h e  r o.ck ' t y p e  of t h e s e  c l a s t s  
i s  n o t  exp o s e d  el s ew h e r e  in t h e  c o mp l e x . 
F r o m  5 0 0  m n o r t h  o f  M o u nt M a th e s o n . 
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f i s sure . O ther fragments are beige,  f i ne-grained and 

s il i ceous , resembl ing apl i te ,  or more rarely , 

h ornblende-phyric dacite ; both of which may be of 

subvolcanic orig i n .  In  places the fragments indent and 

d eform one another, implying high pressure and 

temperature during emplacement . 

I nterstitial matrix is sparse and in some 

places the ori ginal spaces between fragments remain •. 

Where present , the chloritic groundmass contains finely 

comminuted andesite chips . Most bod ies are also 

characte r i z ed by abundant epidote- and tourmal ine-lined 

vugs . Near ' Aurora Tarn ' some ragged lenticular, 

chlori t ic clasts ( P late VII ,  b)  may represent former 

pumiceous clots ; elsewhere ves i cular fragments and vugs 

imply that the matrix was frothy during emp lacement . 

The rhyoli te breccia d ike in the valley north 

of Mount Matheson contains small ( rarely l arger than 3 

em) , subrounded fragments that are light grey, f inely 

banded and tightly f itted together. The matrix is  

grey , highly s iliceous , and fi lled w i th comminuted 

chips and broken fe ldspar phenocrysts (P late VII ,  d ) . 

The rock types represented are unknown elsewhere in. the · 

comple x ;  the banded rhyol itic fragments resemble . those 

of the ignimbri te ( locality 3 ) . Possibly the breccia 

was derived f rom a partly soli d ified s i l i ceous melt 

located beneath the northern part of .the complex . ·�?"S:·'·''. 'Wf' ,., 
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Two pos s ibilities are offered to e xplain the 

f ormation of the breccia d ikes . Fragments could have 

been driven up fractures by phreatic explo s ions and 

rapid steam generation ,  perhaps as a result of s eepage 

of meteoric waters i nto h eated rocks . Howeve r ,  

s ubvolcanic clasts and c hlorite alteration o f  pumice 

f ragmen ts in d ik es indicate that explosions tapped at 

least the upper levels of·  the magma chambe r .  

Al ternatively , the breccia  might be caused by 

e s caping underground gas blasts . A poss ible mec·ha-rrism 

i nvolves collapse of  an underlying chamber roof during 

format ion of a caldera. Lambert ( 1 9 7 4 , p .  1 3 5 )  

d e s cr i bed breccia d ikes containing clasts of granitic 

basement rocks and sugges ted that they could have 

resulted from rapid lowering of roof rocks into 

s ubterranean openings . The bri e f  blas ts of compressed 

gases wou�d . sweep rock part i cles into fractures  with 

l i ttl� elutri ation . Because the ch.lorite-matrix dikes 

are. concentrated in a broad fault zone , th is proposed 

mechanism implies subsidence along the ' Matheson 

f ault ' ; a pos s ibility further�examined in chapter VI . 

Felsic Dikes 

Widely distributed quartz latite and trachyte 

d ikes form about 5 %  of the area of the volcanic · 
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comple x ,  but the ir bright orange-weathering talus is  

widespread and conspicuous . Maj or d ike systems that 

occur on the south and east s lopes below Dail  Peak and 

i n  Pooly Canyo n .  The d ik es cut all volcanic rock 

types , and commonly occupy fault zones . Thick 

s erici tized weathering rinds are ubiquituous . In  

contrast,  s everal· d ikes that cut  Laberge and Cache 

Creek rocks northeast of Montana Mountain weather 

p i nkish  w i th opales cent plag ioclase phenocrysts . 

Although not obs erved in the pluton, they may be 

related to the apl i te because the two d ike composit ions 

are d if f i c ult  to d i stinguish near the volcani c-granitic  

contac t .  

The d ikes are usually porphyritic  and fine- to 

medium-gra ined . Typi cally they contain 2 0 - 2 5 %  

plagioclas e (An 3 5 ) and 15-25 % potas s i c  feldspar 

( probably microcl ine l in equant and fine �lender 

crystals . Some d ikes above Venus mine contain only 

potass i c  feldspar . At Vault mine , rounded quartz 

g ranules to 3 mm d i ame.ter are present in the dikes . 

B iotite flakes , calcite and polygonal quartz have 

partially replaced many phenocrysts; and in places 

s ericite and hematite hav� replaced the matrix . 

Cliff  exposures in places show intertwining 

s h ee ted d ikes in fault zones ( Figure 17 ) .  Evidence of 

success ive emplacement s ugges ts that faults must have 
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V iew soufh, 1 1 6 0  m. elev. 

Figure 1 7 .  Quartz l atite di kes al ong fau l t  zone i n  andesite fl ow 
l ayers on the south wal l of Pooly Canyon . Venus quartz 
vei n al so  occurs i n  fault;  the Vaul t mine i s  bel m� .  to 
the l eft (Sketch from photo ) .  

, , 

Fi gure l B . 

V i e w  w e s t  
1 7 4  0 m .  elev. 

Dail  Peak fault zone occupied byl atite di ke (l ocal i ty 1 1 ) .  
Lava fl ows · (l eft ) dip  outward from complex;  debri s fl ov1s 
at r ight  are ti l ted inward . ( sketch from photo ) .  
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been recurrent l i nes of weakness . Moreover, quartz 

veins partly follow the d ike swarms , and mining of them 

has revealed s licken s ided walls implying subsequent 

movement along these zones ; D ikes that occur south of  

Dail Peak ( Fi�ure 1 8 )  may have erupted ,  because fels i c  

pyroclas tic piles on the nearby summit are 

compos itionally s imilar . 

Fels i c  d ikes swarms are extens i ve in other 

Mount N ansen centres in south central Yukon . 

Tempelman-Kluit ( 1 9 7 4 , 1 9 8 0 ) observed their  close - . -- .. 
assoc iation with both the volcanic rocks and the 

a s sociated N i s l ing Range al askite . The d ikes may 

repre.sent es cape of the lighter fraction of a 

s ubvolcanic alaskite magma . D ikes in the south-central 

Yukon range in age from 5 0  to 6 0  rnA ( K-Ar method ; 

Tempelman-Kl u i  t and Wanles s ,  1 97 5 )  • 

The lati te and trachyte d ikes , · which fill 

fractures that may in part be caused by arching of the 
. . 

complex,  are probably .related to the intrus ion of the 

1 Carcross pluton 1 ,  wh ich in turn may be equivalent to 

subvolcanic bod ies recognized elsewhere . 
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CHAPTER VI 

STROCTORAL GEOLOGY 

The rock bod ies built by volcanic activity to 

f.orm the Montana Mountain complex are now deeply 

e roded , so that s tructural features are largely covered 

by extensive rubble .  Weathering does not highlight 

d epos itional or s tructural elements because of uniform 

regi onal and thermal metamorphism.  S tructural models 

and interpretation must be developed from inferred 

f aults , internal contacts and s tratigraphi c  breaks , and 

to be consistant with characteristic behaviour of the 

i nterpreted rock units . 

The complex appears to be a remnant of a 

volcanic edifice in its south part ,  and deeply eroded 

s ubvolcanic intrus ions. in the north . Probably the area 

of . volcanic activity once extended far beyond its 

pres ent exposed remains ; i ts d istal parts have s ince 

been removed .  It is unclear whether the complex is a 

preserved source area,  or was derived from vents 

. ori g i nally in the area now occupied by the ' Carcr·oss 

pluton ' ,  and s ince obliterated . 
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General S tructu re 

The north half of the comple x ,  occupied by 

i ntrus ion breccia and mass ive andesite,  is unlayered . 

I ts boundaries are s teep faults and in places 

gradationally brecciated contacts . 

Th i cklX layered debris and lava flow units , 

d i s cernible in cliffs of upper P ooly Creek , sugges t  a 

broad dome-like s tructure for the south part of the 

comple x .  

Relationsh ips of the Volcanic Complex to the 

Surrounding Rocks 

The complex is bounded by s teeply d ipping 
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fault zones . A fault of poss ible regional . s ignifi cance 

is inferred to l ie beneath Windy Arm, separating rocks 

of the Cache Creek Group f rom the volcanic complex and 

Laberge s trata . 

The contact with the N akina Formation 1 0 0  m 

south of Pooly Canyon ( local ity 9 )  is a l m wide 

vertical cleft of protomylonite with lenticles of 

andes ite ( Mount Nansen Group ) and amph ibolite ( Cache 

Creek Group ) .  Fragmental rocks of the complex adj acent 

to the fault res emble intrusion breccia , but rocks of 

the shear zone are not recrys tallized . .The contact is 
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therefore interpreted to result from intrusion of . a  

partly solidif ied breccia mass . 

I n  North Canyon of P ooly Creek,  the contact 

of  oxidized Mount N an s e n  rocks dips 60  degrees beneath 

N akina amp hibolite ( locality 10 ) .  :j: t  is a 3-5 m wide 

z one of argi llaceous gouge containing lenticular 

c las ts , probably of dike rocks . I ts outward dip 

s uggests intrus ion ; locally abu ndant latite suggests 

that the large blocks of Mount N ansen breccia near the 

contact have been rafted up by felsic dike swarms . 

The north e a s te rn  marg in of the complex w ith 

L aberge s trata is exposed in a cirque 1 km east of 

Montana Mountain ( local ity 11 ) ,  Pebble-bearing 

greywacke is fused and chloritized,  with increas ing 

alteration and fracturing· toward the volcanic rocks . 

The contact appears to be gradational because blocks of 

greywacke are detached and partly rounded within the 

adj acent i nt rusion . breccia ( P late IV, c ) . 

I n  a saddle wes t ·of Mount Matheson a 5 0  m 

· s hear zone dips 7 0  degrees outward beneath deformed 

L aberge s trata , and appears . simi l ar along the · length of 

the wes t  s i d e . Mass ive andes ite , interpreted as part 

o f  a plu g ,  is adj acent to the f ault zon e .  

Q uartz-tourmaline veins are common in the black gouge 

o f  the contact . Locally the country rocks are steeply 
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tilted away from the comple x .  

I n  general the intrus ive contacts of the 

complex are better exposed , because fracture zones from 

them do not extend into the volcanic rocks , and they 

are at h i gher elevat i ons . S ubs idence faulting has 

resulted in wider fracture zones that are more rapidly 

eroded and f i l led with rubbie . 

The contact of the volcanic complex with the 

granitic pluton is exposed northwest of Montana 

Mountai n .  Along the s id es of a ridge spur it dips 4 5  

degrees to the south beneath d arkene"d ; ·  chl ori tized 

i ntru s i on bre c c i a .  Fractured alask i te with abundant 

tourmaline veinlets , and common pyrolucite and 

malachite occurs in ·a 5 - 7  m wide zone below the sharp 

contact. The pluton probably unde.rlies inost of the 

west part of the volcanic complex because 

quartz-tourma l i ne and apl i tic veinlets are common in 

this are a ,  particularly near 1 Aurora Tarn 1 • Granitic 

float is pres ent,  and a small outcrop was reported near 

the Math Lake Breccia ( K .  Watson,  pers . comm . , 1 9 8 0 ) .  

I f  the top of the plUton were projected southwest from 

the northern exposed contact, it would l ie about 5 0 0  m 

below the surface here , and it is poss ible that a knob 

or l arge d ike may bring p lutonic rocks to the level of 

the present surface . 
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Faults 

Three maj or faults over 3 km long have 

topographic  express ion . Numerous � shorter faults , 

l ocally outlined by scarps and clefts , or occupied by 

fels i c  dikes , are partly obscured . Layering exposed in 

c i rques around the head of Pooly Creek show vertical 

offse ts of 15-20  m ,  and commonly the downdropped side 

i s  to the north . 

Two of the maj or faults are regarded as 

s tructurally s ignificant , and s imilar interpretations 

can apply to s eV.eral others . ' Matheson faul t '  

( locality 1 3 ) s eparates intrusion breccia and mass ive 

and e s i te f rom a debris and lava f low success i on near 

' Math Lake ' .  I ts trace is a deep trough  1 0 0 m wide 
. 

w i th glacially s coured walls . Chlorite-matrix breccia 

d ikes are abundant in the valley . Where the fault 

cross es ridges and spurs it is an orange-weathering , 

sericitized zone 1 0  m wide that d ips 7 0  degrees 

s ou theas t ( toward the layered units ) . Two s teeply 

d ipp ing andes i tic d ikes s how right lateral offsets of 

about 9 5  m, but no disruption is apparent at the ends 

of the faul t .  Pos s i bly this was a zone of vertical 

movement, w i th only small hori zontal displacements . 

The Dail Peak fault is marked by a broad 

s hear zone and coincident dike swarms across  the south 
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s lope of the volcanic comple x .  On a spur south of Dail 

P eak it i s  1 5  m wide ,  d ips 6 5  degrees to the north 

( into the comple x )  and contains black gouge and quartz 

chips . South of the fault, andesite lava flows of 

i rregular thickness d ip southward ; but debris and ash 

f l ows on the other s i de d ip to the north ( Figure 1 8 ) .  

These relations imply cons iderable movement ; perhaps 

.the result of lowering of the central part of the 

comple x .  Dikes in the fault are unsheare d ,  and 

compositionally resemble the felsic pyroclastic 

depos i ts on Dail Peak.  They may represent fissure 

eruptions late in the history of volcanism at Montana 

Mounta i n .  

Steep-dipping fault traces cross the Montana 

M ountain ridge . The more continuous easterly one also 

cuts the ultramaf i c  plug ( Cache Creek Group ) but not 

a d j acent �ranitic rocks . In part both faults separate 

the and es i te plug that forms the summit of Montana 

Mountain from intrus ion breccias on either side . Thes e  

f aults may have resulted from differential stresses 

c aused by the subvolcanic intrus ion . 
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CHAPTER VII 

PETROCHEMISTRY 

Chemical analy s es of maj or oxides and minor 

elements f or representative rock s amples provide an 

indi cation of the nature of the Montana Mountain 

comple x .  D e tailed interpretations could not be made 

from the d a ta because their accuracy is unknown and 

they may not truly repres e nt the chemistry of the 

comple x . 

S ampl ing and Analysis  

S amples were chosen from the typical .rock 

types within the study area .  The ir des criptions and 

locali.t i es- are noted in Append ix  A .  Most were hand 

specimens with minimal clasts , phenocrysts and 

we a the red surf·aces ; but 1 kg ch ip-samples were taken 

from d ikes -�· fluidal layers . 

For 1 6  s amples , 1 1  maj or oxides and 3 minor 

elements were determined by X-ray flu orescence 

spectros copy ( XRF ) at X-Ray Ass ay Laboratories , 

Toronto,  Canad a .  . No reference s amples were provided . 

The laboratory analy s es c laim accuracy of +/- 0 . 01 % 
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f or oxides and +/- 1 0  p . p . m. for Rb , Sr and Z r  

analyses . 

Normative Calculations 

C . I . P .W .  ( weight percent ) normative 

compos itions were calculated for the 1 6  s amples . 

I ndividual differences in volatile content were 

e l iminated by recalculating the ox ide concentrations to 

'10 0 % .  Total iron , determined by XRF , was recalculated 

by placing an arbitrary maximum limit on ferric iron 

( hematite = titanium oxide * 1 . 5 ;  becaus e parallel 

variation of these elements has been observed in suites 

of unaltered rocks ) and treating the remai nder as FeO . 

N ormative minerals were calculated us ing the computer 

program LEMNORM9 , written by R . K . Herd and W .  Yzerdraat 

( Department of G eology , Carleton Univers ity ) ,  based on 

the find ings of Lemaitre ( 1976 ) .  

Results 

Metasomatized s amples may be d is tinguished 

f rom altered rocks that retain their original 

compos ition by us ing the ' I gneous Spectrum' ( proposed 

by Hughes , 1 9 7 2 ,  and mod ified by Stauffer et al , 1 975 ) .  

All but two s amples from Montana Mountain fall inside 

the domain f or typical,  unaltered volcanic suites 

( Figure 1 9 b ) . Potass ium enrichment is the most 
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s ignificant alteration , as shown by F igure 20 . The 

Montana Mountain suite d oes not plot near the envelope 

for spilitic rocks ( Figure 1 9 a ) . 

The standard clas s if i cation system, 

recommended by Irvine ana B aragar ( 1 9 71 )  is followed 

here . Alkal ic and subalkalic as s emblages are 

d is t inguished on the 01 ' -Ne ' -Q '  triangle ( F igure 21 ) 

and the Alkali-S ilica d iagram ( Figure 22 ) .  Montana 

Mountain volcanic rocks are subalkali c ,  as are those of 

the Mount �ansen Group in the Miners Range (Grond , 

1 9 8 0 ) .  I n  general they contain more silica  ana less 

alkalis than samp:t._es from the B ennett L ake Complex . 

Subalkalic rocks are subdivided into 

calk- alkaline and tholeiitic  su ites by the A-F-M 

d iagram ( Figure 23 ) .  Montana Mountain rocks appear to 

be calk-alkaline , ana plot in the same field as those 

from the Bennett Lake comp·lex and Mi ners Range . 

On the diagram of normative--colour index 

versus normat ive plag ioclas e ,  the Montana Mount,;ain 

volcanic rocks plot within the average andesite and 

d ac i te fields ( Figure 24 ) .  Other volcanic rocks that  

were not analyzed , such  as the ignimbrite , are probably 

rhyolitic . Plutonic rocks and dikes are much higher in 

normative albite than extrus ive rocks ._ This diagram 

may also be useful for distinguishing true rhyol ite 

--_. -
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f rom the s il i c if ied rocks , because s ome dacitic rocks 

coritain s econd ary s il i ca enrichment . 

S i l i ca-variation d iagrams are plotted f or 

each maj or oxide and minor element ( Figures 25-27 ) .  

S ome oxides show uniform patterns , although most are 

widely s c attered because samples were chosen to be 

representativ e ,  and were not intended to show 

systematic changes . In general the plutonic rocks 

match trends of felsic rocks , which may imply a related 

magmatic source . 

I nterpretations from geochemical data mus t  

await more cons istent sampling and further .study . I t  

i s  probable  however , that the Montana Mountain complex 

is s imilar in compos i tion to other centres in the Sloko 

Volcanic  Province , and belongs to the calc-alkaline 

s u ite . Lavas and breccias near the edge of of the 

complex ( lower units ) are andes i t i c ;  but the ' upper 

f lows ' in the central part , which probably are younger , 

are dacites . The chemis try thus supports field 

observat ions that volcanism may have become more 

s i li ceous with time . Compos itional cycles , commonly 

obs erved in rhyolitic and dac itic complexes (Lamqert,, 

1 9 7 4  and Berman ; 1 9 8 1 ) do not appear to be present in 

the Montana Mountain comple x .  
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CHAPTER VII I  

CONCLUSION : EVOLUTION OF THE COMPLEX 

The Montana Mountain complex belongs to the 

s uite of volcanic rocks typif ied by the Mount Nansen 

and S loko Lake localities , which in the study area 

cons i s t  mainly of andes itic  to dacitic flows . and 

brecc i as . I t  is one of a chain  of intermed iate to 

f e l s i c  volcanic centres that intruded and were 

d epos ited upon an eroded land surface . 

The follow ing a ccount s ummarizes 

interpretations of the comple x .  Figure 28 depicts the 

main s tages of evolution . 

I ni tial effus ive volcanism built a broad cone 

w ith  gentle s lopes ( A ) . The .earlies t deposits probably 

are not expose d ,  but eruptions appear td have been 

s ubaerial . Blocky to mas sive andesitic  lava flows may 

h ave extended more than 2-0 km from the complex . 

The volcano probably reached a height of more 

than 1 0 0 0  m before i nternal pressures increased 

s u f f i cently to cause eruptions to become·-m1ore 

e xplo s iv e .  Pyroclas tic and felsic rocks were depos i ted  

at the top of the s tratif ied volcanic pi�e -

. , _  
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Fi gure 2 8 .  Schemati c cross-sections of mai n  stages i n  the evol ut i on 

of the 1·1ontan a 1•1ountain  complex.  A ,  constructi on of 

a broad vol cano .  B,  part i al col l apse.  C ,  andes i te 

plugs  and brecci a formation . D .  intrus i on of the 

pl uton and eros i on .  ""''·-· 
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One or more periods of subs idence i nterrupted 

development of the volcanic cone ( B ) . The original 

feeder pipe, not ·"recognized in the complex,  has been 

oblite rated by the collapse or subsequently covered . 

Subs idence may have d riven gases trapped in the top of  

the magma chamber out along boundary fracture zones to 

create breccia d ikes . 

The rock record appears to be more complicated 

in the central reg ion than on the adj acent flanks . 

Tephra , l ava flows and volcaniclastic sed iments appear 

to have f illed a depress ion to a depth of several 

hundred metres . S e ttling of some areas caused tilting 

of  others . 

Possibly later, ande s i tic magma i ntruded 

beneath a l arge ( inferre d )  volcanic s tructure s i tu ated 

over the northern part of the present complex ( C ) .  

Plug domes may have caused churning of large volumes of  

host volcanic and sed imentary rocks , forming the 

mas s ive i ntru s i on breccias . Magmatic froth surged 

through the brec�as , which then . set.t.J&.9 and cooled to 

pres erve the d i s tinctive fluidal iayers . · From vents 

the froth may have been released as pyroclastic flows . 

The pres ence of active hydrothermal sys tems is 

s u gges ted by quartz chips in the laharic breccias . 

Following the rise of the andes ite plugs , the 
�';- -
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magma became more granitic,  and ultimately intruded the 

pre-existing volcanic pile ( D ) . Felsic d ikes occupied 

previous subsidence faults and f is sures opened by 

upward arching of the comple x .  Some d ikes may have 

reached the s urface , resulting in depos ition of 

vesi cular agglutinate in the vicinity of Dail Peak. 

The lack of extrus ive rocks on the north side 

of the complex suggests that the volcanic centre once 

extended over the ' Carcross pluton ' • 

• 
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CHAPTER IX 

REGIONAL AND ECONOMIC CONSIDERATIONS 

AGE OF THE VOLCANIC COMPLEX 

The underlying Laberge G roup is fossiliferous 

and well dated as lower and midd l e  J urassic  (Wheeler,  

1 9 61 ) . Because the volcanic rocks intrude the Laberge 

s trata , the complex cannot be older than lower 

Juras s i c .  The Mount N ansen  rocks do · not show the tight 

folding present in the Laberge Group , ind icating a 

deformational event ( and  deep erosion ) took place prior 

to volcanism . 

The volcanic complex is intruded and 

metamorphosed by the ' Carcross pluton ' ,  dated by 

Morrison e t  al ( 1 9 7 9 ) at 6 4 . 3  +/- 2 .  2 Ma ( K-Ar method ) .  

Th is d etermination is intermed iate between the late 

Cretaceous ( 7 5  Ma ) and Ebcene ( 5 5  Ma ) plutonic sdites 

identif ied by Morris on and others in the Whitehors e 

. map-are a .  

Mount Nansen vol canic rocks i n  the Miners 

Range were dated at 7 2 . 4  +/- 2 . 5  Ma by Grone ( 1 9 8 0 ) 

u s ing the K-Ar method . Other ages determined for ·the 
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Mount Nanse n  G roup include :  67 . 9  +/- 2 . 3 ,  7 3 . 1  +/- 2 . 5  

and 6 8 . 0  +/- 2 . 2  Ma ( all by Churchi l l ,  1 9 8 0 ;  K-Ar 

method ) ,  and 7 2 . 0  +/- 2 Ma ( Rb-Sr,  Armstrong ; 

unpublished ) in the Carmacks map-area, and 5 8 . 4  Ma 

( K-Ar; -�E;!mJ;lelman-Kluit  and Wanless , 1 9 75 ) in  Snag 

map-area to the west .  Although Mount Nansen volcan i c  

rocks were erupted at d ifferent times and their source 

areas probably developed over several millions of 

years , the results indi cate that they are broadly late 

Cretaceous in age . Most of the complexes have been 

intruded by leucogranite stocks which may have reset 

ages indicated by the potas s ium� and argon-bearing 

minerals . 

N i s ling Range alaskite bod ies and dikes are 

recogn i z ed by Tempelman-Kluit ( 1 974 , 1 98 0 ) as 

s u bvolcanic equivale.nt and feeders for Mount Nansen 

occurrences in the Dawson Range . The ir  ages fall into 

two group s :  5 0-55  Ma where they occur with in the Ruby 

Range granod iorite ( part of the Coas t P lutonic belt ) ,  

and 6 5- 6 8  Ma in biotite granite stocks northeas t  of 

that range ( Tempelman-Kluit and Wanless , 1 975 ; K-Ar 

method ) .  These intrus ive correlatives of Mount Nansen  

Group probably cooled later and have younger isotopic 

ages than th e extrus ive rocks . 

The Montana Mountain complex,  with s imilar 

rock types and relations to others of the Mount Nansen 
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Group , is probably contemporaneous . The ' Carcross 

pluto n '  may be long to a group of biot ite granite s tocks 

w i th related fels ic d ikes that are mainly exposed in 

s outh-central Yukon . These are equivalent in age to 

the N i s l i n g  Range Alask i te ( Tempelman-Klu i t ,  1 9 8 1 ) . 

Mass ive ande s ite p lugs attest to the great 

th i ck ne s s .  of the volcanic pile . I f  they were built at 

the end of volcanic activity ,  plutoni c  rocks beneath . 

them probably cooled more s low ly ,  and isotop i c  ages may 

be younger . Furthermore ,  intrus ion of the granite into 

the complex has probably res e t  the orig inal rad ioactive 

ages of the volc a n i c  rocks . 
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QUART Z VEINS AND RELATED MINERALI ZATION 

Quartz v e i ns are d i s tributed on the east 

s ide and north central part of the volcanic comp l e x ,  as 

well as a l ong the s outh marg in of the ' C arcross pluton ' 

( F i gure 4 ) .  The minera l i z ed Venus -ve in is the l arge s t . 

and has been traced on s urface more than 2 km w i th 

w i dths up to 3 . 5  m and a down-dip e xtent of at least 

8 0 0  m .  Oth er veins are 5 to 2 5 0  m lon g ,  and most have 

s ubparallel quartz s tr inger z ones . Those a long W i ndy 

Arm d i p  mod erately w e s t ;  other ve i ns in the center of 

the comp l e x  and nearby pluton d ip north and northwest 

respec t i ve ly . 

The qu artz · v e i ns f i ll fractures and faults , 

s ome of which have open spaces and s l i ckens ides on the 

h ang i n-g  wall . Mos t contain wh ite quartz , although 

s u l f ides are a maj or component of some of the widest 

v e i ns . · Quartz is cOarsely crys talline or mas s i ve , and 

i n  places saccharo idal . The Venus ve i n  shows 

c h a.racteristic symmetrical mineral zoning about the 

v e i n  center,  with arsenopyrite on both wal l s , followed 

by qu artz and pyr i te nearer the center , wh ich contains 

galena and sphalerite with quart z . B lue-grey , s treaked 

quartz is irregularly d i s tr ibuted and in places 
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well-mineral i z e d . 

Gold is containe d  i n  arsenopyri te ; s ilver is 

p redominantly i n  galena and minor cadmium in 

sphalerite . Less common are tetrahedrite , chalcopyrite 

and s t ibni t e ,  · as ·  well as pyrargari te and other s ilver 

s u l f id e  mineral s . Element geochemis try studies by 

Ralfs ( 1 9 7 5 ) and Morin ( 1 98 1 )  s howed that 

concentrations of gol d ,  antimony and arsenic are 

greatest in the ve i n  ne ar the top of the Venus mine 

work ings . S i lver,  cadmium , lead .and z inc .--

concentrations increase with depth ( over 4 2 0 ' /1 3 0  m 

d ow n  d ip ) . The mineral z on in g  suggests that th i s  

s ection of the v e i n  is o f  th-e mesothe rmal type ( d ef ined 

by P ark and MacDermi d ,  1 9 70 ) . 

The quartz v e i ns have hydrothermal haloes of 

oxide and clay minerals in the surrounding __ rocks -that 

res emble the alteration around porphyry copper d epos its 

( propyl i t i c ,  arg i l lic and phyl l ic alterati on z ones ) .  

Volcanic rocks near Venus vein weather orange-brown , 

are s er i c i t i c  and commonly s i l i c ified , ·  ·in contrast to 

the a l tered host p lutonic rocks which are rich in white 

clay mineral s ,  chlorite and mus cov i te . 

Near th e Venus mine wm::kings , · th e  9xid i z ed 

e nvelope extends at least 20 m ' to either s i d e  of the 

quartz v e i n  and 3 0 - 5 0  m Below the surface . I f  
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alteration resulted f rom f luid s aturation of the host 

rocks close to the o r i g i nal surface , the present 

d i s tribu t i on s u gg e s ts that the vein has not been deeply 

eroded . Moreove r, a ne ar- surface env ironment is 

imp l i ed by the abund ance of chalcedony, a low-pres sure 

p re c ip i t a t e ,  a l ong the Venus and Montana ve ins . 

· ·s tud ies of i n c l u s i ons in the qu artz could conclus ively 

test this hypothes is . 

The qu artz v e i ns occur principally in faulted 

. r ocks forming the eas t  s i de of the volcan i c  complex and 

the southern extent of the pluto n .  They are not 

pres ent in N akina or Laberge rocks in the intervening 6 
km between the Venus mine and those of the pluto n ,  and 

are thus mos t l ikely to have been emplaced during 

i g neous events . Asymmetric minerali z ed bands and 

s l i ckens ides in the .quartz veins atte s t  to repeated 

f au lting , wh i ch created open spaces for c irculating 

f l uids . 

_As s o c i at i on w i th f e l s ic d ikes ( F igure 1 7 ) ,  
and orie ntati ons sugges tive of rad i al and concentric 

patterns within the complex imply that the ve i ns are 

rel ated to gran i t i c  intrus ion and pos s i bly arching of 

the volcanic rocks . The quartz veins probably were 

emplaced after volcanic activity in the complex ceased , 

perhaps during s truc tural ad j us tments . 
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TABLE A-1. 

DESCRIPTIONS OF ROCKS FOR CHEMICAL ANALYSIS 

Brecci as and l ava fl ows near Pooly Canyon 
( average el evati on 4000 ' /2200 m) 

• 32-3 - Li ght grey matrix of s i l i ci fied brecci a 
• 32'-4 - Dark g reen , ves i cul ar l ava fl ow 
• 35-3 - Li ght green , fi ne-grai ned matrix of ag-

gl omerate brecci a 
· 

Lava fl ows from upper Pooly Creek 
( e l evati ons 51 00 ' -6400 ' / 1 550-1 950 m) 

o 32-1 - Li ght g reen , mas s i ve dacite 
o 41'-2  - Dark, aphani t i c  rock 'with whi te , fl ui dal ­

textured l ami nae 
o 8-6 - Dark green l ava fl ow;  wi th 20% ol i gocl ase 

phenocrysts to 3 mm l ong.  

Fl ui dal 1 ayers ; 500 m north of Montana Mountain 
( el evati on 6500 ' /1 980 m) 

*f 1 9- 2a - Mauve-weatheri ng,  s i 1 i ceo us , aphaniti c 
1 ami nae 

*� l 9-2b - Dark green , fi ne-grai ned fl ow l ayers 
*c 1 9-2c - Dark g reen fl ow l ayer wi th coarse-weathering 

textures 

Fel s i c  di kes 

D 14- 2  - Li ght grey qua.rtz l at ite ; orthocl ase ( ? )  and 
quartz phenocrysts - 30% 
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D 35-4 - Trachyte di ke ; potas s i c  fel dspar phenocrysts - 20% 

Other di kes 

X -1 9- 2e - Mauve-weatheri ng,  quartzofel dspath i c  di ke 
X ' l 9- 3  - White apl i te ( 30 em di ke i n  andes ite 50 m from 

contact with pl uton ) 

· Pl uton i c  Rocks 

+ 44- 2c - Oxi di zed  al s akite (1 0 m bel ov1 vol cani c contact) 
+ 47-6 - medi um- grai ned gran ite :  'mauve alteration type ' 
+ 47-7 Fresh hornbl ende bi oti te grani te 

. .  

-� ... -- - <:': :�·- ._· , 
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Symbols for rock types are explained on Table A-1 . 
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TABLE A-2 123 

CHEMICAL COMPOS ITION O F  VOLCAN IC ROCKS O F  THE MONTANA MOUNTAIN COMPLEX 

- --. .. ' • • • 0 0 I 0 *• *� . -?Cc 
Samp l e  N o :  32-3 32-4 35-3 32-1 41 -2 1 8-6a · 1 9-2a 1·9-2b l 9-2c 
MAJOR OX I DES (we i ght percent) 

S i D2 59 . 3  55 . 0  59 . 2  62 . 3  7 3 . 3  64 . 3  7 5 . ']., ,  6 5 . 2  57 . 6  
Al 2D 3  1 3 . 5  1 3 . 6  1 5 . 2  1 6 . 9  1 3 . 5  1 6 .  1 1 2 . 4  1 5 . 6  1 7 . 8 
CaD . 6 . 40 5 . 46 4 . 38 3 . 64 1 . 45 2 . 25 2 . 32 5 . 55 7 . 35 
Na2o 2 . 07 3 . 0 3 3 . 75 4 : 25 2 . 03 4 . 22 2 . 35 2 . 93 2 .  81 
K2D 2 .  41 1 . 91 1 .  61 2 .  04 3 . 1 0 3 . 88 2 . 1 9  1 . 1 8  2 . 00 
FeD 3 .  01 5 . 56 5 .  1 9  4 .  81 2 . 27 4 . 1 1  2 . 32 5 . 40 6 . 88 
MgO 1 .  72 5 . 00 1 .  30 2 . 1 6  1 . 32 1 . 24 0 .  52 1 . 43 2. 1 9  
MnC 0 . 1 2  0 . 1 0  0 . 08 0 . 07 0 . 05 D . 08 0 . 05 o .  1 3  0 .  21 
T.i o2 0 . 57 0 .  78 0 . 97 D . E!9 0 . 1 8  0 .  81 0 . 4 2  0 . 58 0 . 69 
P2 05 0 .  1 4  0 . 27 0 . 29 0 . 29 0 . 09 0 . 22 0 . 1 4  0 . 1 5  0 . 1 9  
Loss on 7 .  7 7  6 . 38 4 . 46 1 . 77 1. 23 1 .  23 0 . 62 0 . 85 1 . 08 

I g n .  
Total 9 7 . 3  97 ,7 97 . 1  99 . 6  98 . 8  98. 9 99 . 3  9 9 . 7  99 . 6  

Cr2g3 and MINOR ELEMENTS ( p a rts per mi l l i on )  

cr2o� 50 . 230 1 20 270 1 30 1 1 0  230 1 30 80 
Z r  9 0  1 20 1 1 0  1 60 70 21 0 90 1 30 1 50 
Sr 5 4 0  460 530 540 340 390 380 790 840 
Rb 1 00 30 50 70 9o .. . 

1 50 50 20 50 
NORMATI VE COMPOS ITIONS (we i ght percent ) 1 

....... . 
Qua rtz 26 . 2  1 2 . 0  20 . 7  1 8 . 2  44 . 4  l 7 .  9 48. 1 31. 3 1 2 . 4  
Corundum 0 . 0  0 . 0  0 . 04 1 .  74 4 . 47 1 .  44 2 . 35 . 0 . 0  0 . 0  
Ortho cl ase 1 5 . 9  1 2 . 3  . 1 0 . 2  1 2 . 3  1 8 . 7  2 3 . 4  1 3 .  1 7 . 03 . 1 1 . 9 
Al b i te 1 9 . 5 28 . 0  34 . 2  36 . 7  1 7 . 6 36. 5 20 . 1  25 . 0 . � 4 .  1 
Anorth ite  22 . 9  1 9 . 6  2 1 . 4  1 6 . 5  6 . 7 5  9 . 97 ' 1 0 . 7  26 . 0  30 . 3  . .  
Di ops i de 9 . 33 6 . 52 0 . 0  0 . 0  . 0 . 0  . 

0 . 0  o . o  0 .  68 4 .  61 
Hy�ersth . 2 . 47 1 6 .  1 7 . 29 9 . 36 6 . 60 

;· 

6 . 1 7  3 . 28 1 0 . 2 1 2 . 3  
Ol i vi ne 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
Magneti te 1 .  36 1 .  84 2 . 26 1 . 95 0 . 39 1 . 81 0 . 91 1 ; 26 l .  52 
I l menite 1 . 1 9  1 .  61 1 .  97 1 .  71  0 . 34 1 . 57 0 .  79 1 .  01 1 .  33 

,' ') '· Apat i te 0 .  35 0 . 68 0 . 7 3 0 . 68 0 .  21 0 . 52 0 . 33 0 . 35 0 . 4 5 
' 1 Norms cal cul ated by Carl eton Uni vers1 ty compute r ,  prog ram LEMNORM 9 .  - . 



tABLE A- 3 

CHEMI CAL COMPOS ITION OF INTRUS IVE ROCKS O F  THE MONTANA MOUNTAIN COMPLEX 
. 

0 0 )<. X + + + 
· - Sampl e No.  1 4-2 35-4 1 9-2e 1 9-3 44-2 47-6 47-7 

MAJOR OX I DES (wei ght percent) 

S i 02 63 . 9  65 . 0  . 67 . 8  76 . 6  7 6 . 4 72 . 6  7 0 . 0  
Al 2D 3 1 4 .  7 1 5 . 9  1 3 . 4  1 2 . 3  1 2 . 0  1 3 . 8  1 4 . 2  
CaD 1 . 60 2 . 05 3 . 89 0 . 54 1 . 54 0 . 64 1 .  73 
Na2o 4 . 53 5.  1 6  2 . 28 2 . 98 3 . 23 0 . 1 2  3 . 72 
K2D 3 . 84 2 . 7 3  0 . 73 4. 33 2 . 56 4. 32 4 . 0 3  
FeD 2 . 60 4� .4 2  6 . 40 D . 51 1 .  1 1  4 . 46 2 . 60 
MgO 0 . 66 D . 26 2 . 05 O . l D  0 .  21 1 .  6D 0 .  77 
MnO 0 . 6D D . l D  o .  1 4  0 . 02 D . 04 O . D6 0 . 07 
Ti D2 0 . 42 D .  59  0 . 55 D . l 4  0 . 1 2  0 .  21 D . 42 
P2o5

. 0 . 1 3  0 .  1 8  0 .  1 4  D . 02 0 . 01 D . D4 D .  1 1  
Loss on 1 . 7D . 2 .  9 3  1 . 1 6  D . 77 2 . 00 0 .  31 D . 63 

I g n .  
Total 99 . 4  99. 8 99 . 3  98. 4 99 . 4  98. 3 98 . 6  

Cr2D 3 and MINOR ELEHENTS (parts per mi l l i on )  

cr2o3 1 00 60 1 1 80 l l D  1 70 9D l l D  
Zr 23D 200 1 1 0  1 7D 1 2D 200 2DO 
Sr 2 1 0  250 600 1 4D l 4D 4D l 8D 
Rb 90 70 20 1 30 1 20 1 70 1 40 

I NORMAT I VE COMPOSITIONS (wei ght percent) 1 
.. 

· Quartz 23 . 2  1 8 . 9  37 . 4  42 . 3  44 . 75 28 . 7  29 . 2 .  
Corundum D . 46 l .  24 2 . 1 2  1 .  83 .1 . 1 8  D .  81 1 .  50 
Orthocl ase 23 . 2  1 6 .  5 4 .  37 26 . 2  1 5 . 5  25 . 9  24. 3 
Al b i te 39 . 2  44. 9 1 9 . 6  25 . 8  28. D  37 . 3  32 . 1  
Anorthite 7 . 29 9 . 24 1 8 . 7  2 . 59 7 .  77 2 . 96 6 . 03 
Di opsi de 0 . 0  0 . 0 O . D D . D  D . O  0 . 0  D . O  
Hypersth . 4 . 1 5  5 . 05 1 4 . 3  D. 43 1 . 96 2 .  1 5  3 . 56 
O l i vi ne 0 . 0  0 . 0  0 . 0  O . D  0 . 0  0 . 0  0 . 0  
Magneti te 0 . 9 1  1 .  49  1 .  52  0 . 30 0 . 25 0 . 4 5 1 .  39 

( . i  I l me n i te 0 . 79 1 .  31 1 . 04 0 . 25 0 . 27 0 . 39 0 . 82 
Apati te 0 .  31 0 . 43 0 . 33 0 . 47 0 . 02 0 . 94 0 . 25 
1 Norms cal cul ated by Carl eton Uni vers i ty compute r ,  p rog ram LEMNORM9 . 
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APPENDIX B :  Investi gations o f  Abandoned Worki ngs on Quart� Veins 
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