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ABSTRACT

Montana Mountain area, 100 km south of

Whitehorse, contains a late Cretaceous volcanic

“complex, 6 km in diameter. It correlates with both

‘Mount Nansen plug domes in south-central Yukon and

layered Sloko piles in northern British Columbia.

The southern part of the complex is a.

"down-faulted block of-andesite lavas and bfeccias at

least 1200 m thick. Sedimentary horiZons3and”

distinctive breccias suggest caldera formation. .

The northern part consists of subvolcanic

'.intrusion‘breccias which were emplaced as fiuidized

~ rubble by.hydroﬁhermal systems tﬁat may have beén

~ ‘related to growth of éndesite plug.domes. _Subéequént
 intrusion of a g;aniﬁenéluton emplaéed fluidal-layered

- quartzofeldspathic dikes'in_tbe'breccias..

Gold- and silver-bearing quartz veins

postdating the intrusions fillfractures cohtfdliéd by *

""previous volcanic structures.
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CHAPTER I

" INTRODUCTION

Location and Physiography

Montana Mountain (60° 03'N; 134° 41'W) is a.

prominent peak (7233'/2204 m) in a region of high

ridgés and plateaux immediately north of the British
Columbia (B.C.)-=Yukon boundary (Figure 1l). The area is

bpunded_by Bennett .Lake on the west and narrow arms of

"Tagish Lake to north and east.. The study area, 8 km

‘(east to west)rby_lz km, encompasses a'high—étanding

region of volcanic rocks, here referred to as the

- Montana Mountain volcanic complex.

' Most of the highlands,aré covefed with coarse

rbck”rubble'which is sparsely vegetated or bare. Steep

"mountéin'slopes'drop_1500 m to Windy Arm of Tagish Lake

(elevation 2150'/655 m) east of the volcanic complex{
Continuous outcrop is uncommon, except in impressive

cliffs on the northeast sides of the three major peaks.

Abundant lichen hampers observation of rock textures,

except in cirques below 'lichen trimlines' where

glaciers have retreated in recent times and snow
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Figure 1. Location of the ‘Montana Mountain area,- Yukon.



patches melt back in late summer.. Only lower slopes

show evidence of continental glaciation; thick till

'~ covers granitic rocks north of the study area. -A

persistent ice remnant lies below Montana Mountain
summit, and there is one active rock glacier (lobe 150
m wide by 250 m long) on the west side of Windy Arm at

an elevation of 3800'/1160 m.

Access

"The study area,_lZO km south of Whitehorse,

- -is skirted by an all-weather road-(No. 2; known'as the

Klondiké Highway) which links Yukon with'Skégway,
Alaska. The commuhity of Carcross, 12 km north of
Montana Mountain, is clustered around bridges where ﬁhe
road and railway:(White-Pass and_Yﬁkon Route) cross the
outiet of.Benneft Lake, The only'mine in the area,
called Venus, is ﬁear thé.road‘B'km'north of the
territorial boundary. 'Majbr.mining prospects in the

highlands, known as_the’Arctic'Cariboh and Mbntana, are

-.aCCESSible-bY_four-Wheel_driVé-vehiéleS;OVer"“-'

unmaintained tracks. Foot travel is rugged on
felsenmeer and scree slopes, but only a few major -

cliffs are impassible. -




History

Gold- and silVer4bearing quartzrveins were
diScovered on Montana Mountain in 1901 and.1903,_'The__
Windy Arm mining camp flourished until 1917; only_two
‘sites have undergone extensive deveiopment'and several
mining attemptS'since that time. 'Stone ruins, tramline
towers and overgrown mule trails are visible remindera
of the early days (see McConnell, 1906; and Cairnes_
1907, 1908 1917); bulldozer'trenehing'and strewn
debrls mark the ventures of the last decade 'Recentm
m1n1ng attempts have been short- llved; apparently
because of poor management, less~than—expected gold

.'recovery (Ralfs, 1975) and the unpredlctable nature of

" the small ore-bodies. Unlted Keno Hill Mlnes L1m1ted

(Whitehorsey, Ylkon)_morked the lower Venus ' mlne for 51x‘

months in 1981.

Early geologioal inueStigations'Were_limited
to areas of mining acti&ity.' ReconnaisSance.mapping by
Wheeier'(lQGl):serued”to.identify major rock Units:and
contacts in the stuoy area. - Wheeler included.the ”
~volcanic rocka of'the Montana Mountain complex in the
Hutshi Groupf a name and rock unit no longer B
recognized; these rocks are here;correiated_with the”
Mount Nansen'Group. _The nearby Benhett Lake complex,;
.with numerous dacitic_and rhyolit}oferuption centres



and cauldron éubsidencé, wére documented by Lambgft
(1974). ' Montana Mountaiﬁ compléx is smallef, and
consisté of rocks more mafic_and_less.pyroclastic in
nature. Paragenesis of the.o:e minerals in.the Venus
mine was studiéd.by Ralfs (1975). The preseﬁt
investigation, summarizéd.in Roots-(1981),'is the_first‘
general Qeological study of the_rodké within the

volcanic complex.

Scopé'of the Investigation

The Mdntana'Mountaih‘complex-was.mapped.in
the summer of 1980 during ihveétigation of mineralized
quartz veins and related abaﬁdoned wofkings.
Distinctive breccias on ﬁontana Mountain léd to
speculation that the volcaﬁic rocks mighé'be equivalent.
_to the Mount Nansen Group.. The Mount Nansen érea-
consists of poorly exposed volcanic and éUbQQICaniC'
rocks whiéh'contéin gold and silver in quartz.veiﬁs as -

well "as 'porphyry copper! mineralization.'

The purpose of'the thesis'is to describé_and
interpret the Montana Mountain'voléanic_rdcks;'to.
provide a model of théir'evblution that can be'appliéd
to less—well—exposedfMountﬁNansen—type occurrences;'énd
to present-evidence for magﬁatic and structural -

controls upon vein mineralization in the complex.




The basis for the thesis conslsts of mapping
_at 1:25,000 scale, supplemented by detalled local
:”examlnatlons. ,Conclu51ons from field observatlons_were
tested or.supported with petrographic study and
)

" chemical analyses._ The mineralogy of'some-veins-and
tne composition. of phenocrjsts were identified.with the
:ald of the X-Ray diffractometer at Carleton Unlvers1ty
| The standard computer program LEMNORM9 of the .

Department of Geology at Carleton Unlver51tywwas used

to calculate normative compositions.

~The thesis consists of nine'chapters."The
- regional framework is presented first,.followeddby,k
l'gdescriptions'of rock.units aréund the-volcanic complex, .
and discussion of volcanic centres of similar age.
_Successive chapters_deai mith the principal-layered;and_a
intrusive.rock'typesy the structure ~and geochemlstry of7

_5the Montana Mountaln volcanlc complex -Dlscpss;ons ofp
age of the,complex and,mlnerallzatlon conclude.the 7

‘Study.



arc-continent collision.

CHAPTER II

REGIONAL FRAMEWORK

The Montana Mountain area lies in the

Whitehorse Trough, consisting of interleaved oceanic

crust, island arc volcanic rocks and fore-arc basin

sediments (Figures 2 and 3). These stratigraphic

successions in southern Yukon form the Intermontane -

‘Belt; an ailochthondus tectonic assemblage thought_to

have been accreted to the ancient North American

continental margin during the Mesozoic era (Monger and

Price, 1979} TemplemanFKluit, 1979).37Late Cretaceous
volcanism at Montana Mountain and elsewhere along the -

belt pfobably.occuffed during the waning stages of this

TheioldeSt rocks ih.the.S£udy area'afe.late
Paleozoic mafic.véicanic flows considered fo be- among
the bagai units 6f thg_Atlin Terrane (Monger; 1975).
These aré 6verlain;in the region by bedded carbonate
focks wﬁich_lbcally'attain thigkngsses of Sever§l 
thousand metres.. Atlin Terrane is part of the-Céche

Creek Group, interpreted by Monger'to be oceanic crust
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and reef complexes that were built west of the ancient

North American shelf margin.

The Whitehorse Trough.is an elongate'Mesozoic
basin containing volcanic.and sedimentary rocks that
were derived from the southwest. Vplcanic flows,
“pyroclastic deposits and limestone reefrcomplekes,'
collectinelyterned the Lewes River Gronp, are overiain-
by molassic sediments of the Jurassic Laberge Group;’
'Tempelman-Kluiti(1979) interpreted this'succession as
'the'constrnctional iLewes River)-and_erosional.'r
(Laberge) stages of an island arc system. Eventnal'
collision of this arc.with North America caused oceanic
~_crustal rocks to be thrust over the COntinental
_ platferme(Figure 3). The resulting Teslin Suture Zone
is a north-ito'northwest—striking depression, 90 km

east of Montana Mountain.

The Sloke.lecanic Prpvince (Souther; 1977
includes'the Meunt NanSen, Carmacks, Skukum.and Sloko
Groubs (Table-i)._ Generally'Ehey occur near the.
boundary of'the Ceast_Plutonic:Complex_and Intermontane
- belt in Nerthern B.C. and southern Yukon. The Mount
Nansen andesitic centres and - the Carmacks basaltic
flows are late Cretaceous in aée,'“The Sleko‘centres in
B.C. eonsist of internediate pyroclastic.rocks that are
contemporaneous with.br younger than these;_ The |

mid-Tertiary Skukum Group is primarily felsic, and
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ABLE 1

Eral Period or Epoch| .Rock. Unit Principal rock.types
Pleistocene thhickness in metres)|
o or Recent ‘Glacial drift, alluvium
— Unconformity.
o | Granite porphyry, rnyollte
N Intrusive contact
o ‘ Ignimbrite, rhyolite and
= Eocehe . Skukum Group ’ basa]t1c 1ava,_vo1can1c and
L granitic breccia-__
ol (1300+) [ Ahdesite and dacite lava,
basal ignimbrites
Unconformlty
Quartz monzonite
_ o Intrusive contact w1th
Coast Plutonic grancdiorite -
) Leucogranite, b1ot1te gran-
Fomp]ex : ite, alaskite
Intrusive contact
_ Hornblende-biotite 'grano-
- Late diorite, quartz diorite
'Crétateous _ Intrusive contact
: ' Nisling Range -Rhyolite, trachyte porphyry,
Alaskite Felsic dikes and 51115 ‘
- Intrusive contact :
Lo Carmacks Group | Plateau basalts -
— Confermable contzct: in places coeval
o Mount Nansen  Andesite,_intrusion breccia
N Group - “Ignimbrites, debris_fiows
o (1000+) ‘Andesite and dacite lavas
) = Intrusive, locally disconformable contact
L 1 o ‘ ~Conglomerate
=| Lower o Laberge Group Siltstone, arg1111te,
Jurassic e (3400+). hornfels
@ Disconformity, local angular unconformity
T e L Volcanic greywacke, . 11me--
Upper | o Lewes River _
Triassic |© " Group _stone reefs . _ __ ..
= * (3300) Volcanic breccia,_aoglomerate
= _ Porphyritic andesite
= Faulted, possible disconfermity L
_ _ Atiin Intru- "Serpentinized gabbro, py-
Permian- . |2[= sions roxenite, dunite _
O ' 1=l g Intruslve _coptact :
= 1S Q_Horsefeed Fm. | Limestone reefs, minor
= =lg3 (1600) ..pyroclastic 1nterbeds
il = .5c3_ Disconfermity
=|Pennsylvanian|—| = Nakina Fm. Amphibolite, breccias, mi-
=3 QO :
=< : nor chert 1nterbeds

Table of ﬁormations in south-central Yukon. 'Cbmﬁiled_frOm:'
Aitken (1959), Wheeler (1961),
man-KIuit (1974).

Lambert (1974) and Tempel- |
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produced widespread ignimbrite sheets in north-central

B.C. In general, the Sloko Volcanic Province consists

- of calc-alkalic rocks that range. in age from 73 Ma

(Grond, 1980) to 50 Ma (Lambert, 1974).
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CHAPTER III

GEOLOGY OF THE MONTANA MOUNTAIN AREA

‘Summary

Paleo;oié volcanic rocks of the-Cacﬂe Creek
Group and clastic sediments of the Labéfge.Groﬁﬁ flank
- a partly circdlar:regionIOf volc;nié récks (Figure 4,
.in pocket) thét is referred to in this study as the
Monténa Mountain volcanic complex;"The'compléx:
o coﬁsiéts.almostaentirely of_iava flp&s and brecciés_
which correiate_with the Mount Nansen Group;f A -.
granitic intfusion, informally designated.as-thé
- 'Carcross Plufoh', haé.metamorphoééd the northern
 margih 6f_the complex, and swarms oflfelsic“dikesﬁave
intruded the §olcanic and sediﬁentary rocks.':Late‘
quartz veins, some containing ecOnbmically sighificant
; grades ofjgélé-beafing aféénopyrite_and'siIQet—bearing
‘galena,  cut-the southern éaft 6f the 'Carcrdss plutqn'

- and the Montana Mountain volcanic complex;f.
ROCK UNITS

_ Cache_Creek Group

Amphibolite with thin, interlayered limestone

and chert crops out northeast of Montana Mountain. -
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Exposures are éteep with a spiintered, dark .
g:eenish—grey aspect. In.a cirque north of Pooly
Canyon, Weathering outl ines norﬁhéast—dippiﬁg layers
that ﬁay havé:been volcanic flows. . Their thickness is
unkhq@n. Thin sections of the amphibolite show
uralitized clinbpyroxene phenocrysté in a chloritic .

groundmass (Wheeier, 1961).

The'lower_¢ontact of the_amphibélite.is not
exposed. ‘The Mohtana Mounfain voléahic complex
ihtrudéé_these deformed rocks near Pooif Cande. There
ﬁheiéndesite breccia.(equivalent to the-Mouﬁthansen
_Group) can be distinguished from the older Cache Creek

amphibolite by its.lighter wéatherihg colour'ané lesser

- degree of recrystallization.

Wheeler (1961) assigned the amphibqlite to’

théiTaku Group; on a regional scale the rocks match.

‘descriptions of the Nakina.Formation in Atlin map—area_u

to the southeast (Aitken, 1959; Monger, 1975). The

volcanic rocks, of probable Mississippian age, are-

: Considered;by Mdngér to be among the oldest units of

the Cache Creek Group.

Pods of ultramafic rocks are common in the
Cache Creek Group in the Atlin Terrane. Several -
serpentinized pyroxenite bodiés-are exposea in new

roadcuts near ‘Windy Arm, and a 500 m wide plug occurs 1

.
4

T
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km:north of Montana Mountain;  Thg,lét;er,is fault
boundedvbetwéén the volcanic complex éﬁd the:‘Cafcrpss
~pluton' that are younger, intruding structures (Figufef
5). It is composed of serpenfinized dunite and gabbrd,'
with antigdgife_veinlets and mggnetite cryétéls (to.l
cm)'near its margins. The contact is a shéaréd 2one'4

to 5 m wide .occupied by mafic dikes.

Lewes River Group

| Rocks beionging to‘this unit occur in the
_study érea only as.clasts withih Laberge conglomerafé,
'although théy are extensivé further to the west-ana  
hofth. In other places the volcanic focks héve been
éonfusédiwith.the.Mount Nansen Group (ﬁostock-and tées;
1938 in TempeimaneKlqit, 1974). Pufple, grey and-greén ;
‘-»VOlc;nié'brécéiasi(fragments uprto-lim_acrOSS)}"
plagiociase—phyric agdesite and VoiCanic wacke are -the -
most common rock typés, ?heréraré élSo-fhiékiréef: |
_COmplexés'of upper'Triassiq age_farther ndtth.(for
éxample,-Reid,'lQBl). nyoclastié'and'qbnglomeréte  
”béds,'f;ém_the lower part of the Lewesqﬁiyér.GrbuP; o
~were noted by Wheeler (1961), 8 km west of Montana

Mountain.

Laberge Group

Lower Jurassic conglomerate, siltstonerand = . =



,——_—-——-V-OL_CAN_IC CO MP LE X — —
. ' K Manlana
Mountom

Figure 5. 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-
C: morphosed Laberge sediments (left) and volcanic breccia (both sides
B * "of Montana Mountain andesite bodies). : Serpentinized pyroxenite 1s
: sheared along its contact with the vo]can1c rocks. Clear area in-
centre is a snow-filled c1rque. Sketch from photo.
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shale of the Laberge Group flank the west bOundary of
the volcanic complex.r Additionally} a narrow strip
east of the complex separates younger volcanic and -
granltlc rocks from the Nakina Formatlon. Best
exposures are found on Brute Mountaln, a craggy ridge

in the northwestern part of the study area. ~Here

. Wheeler (1961, P. 59) measured 1100 m_of siltstone}and

argillite, with greywacke beds increasingly abundant

upward in the section, capped by 400 m of massive

‘congloherate. Conglomerates occur as‘l—2'm thickﬁ:

layers traceable for more than a k1lometre, as-well“as

'50 m to 300 m thick lenses that 1nterf1nger w1th

greywacke along strike. 'Rounded porphyrltlc volcanic

clasts and granitic pebbles and boulders, mixed with

-‘more angular fragments of'greYWacke, chert'and'
‘quartzite make up the conglomerate._ Clasts average 5

to 10 cm, but.many;are.larger.' Wheeler 1nterpreted the

upper.part of - the Brute Mountaln_sectlon.aS'a-_
subaqueous alluvial fan deposit'containing channels

filled with larger clasts.

Fine clastic sediments of the Laberge Group
are characterized by a reddish weathering rind =
resulting from:oxidation-of”ﬁaEEC'mineral grains.'zThe-

sediments are compositionally immature, con51st1ng of

hornblende in a clay matrlx. Dark greywacke and flnely

' angular to subangular gralns of feldspar, pyroxene’ and f'
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laminated siltstone with argillite rip-up clasts
predominate on the eastern and southern sides of the

volcanic complex.

In.Big Thing Creek, a poor exposufé_reveals
Laberge stréta in.diéconformabie-contact with Nakina
Fbrmation, but eléewhere the'Labérge Groug is presumed
to be faulted-against'ﬁhe.older.rocks (Wheelef, 1961).
. The 'Carcfdés pluton’ also intrudes Laberge strata,
'-incorporatingjxeno;iths ahd interpfeted péndanté near
thé contact. Most sedimenﬁs intﬁhé north part of_the
study area=wéfe'thérmally.metamdrphosed ﬁo.biétité_and

:_pyrokene hornfels (see also Wheeler,:lQGl, p. 89).

Mount Nansen Group

Dirk_Tempelman;Kluit (pers. éomm;, 1980) 
_fifst suggestéd:that the-vblcanic rocks on Monfaha;
f. Mountaih might be part of the Mount Nansen;Group. - The
complex wés fouhd:to_have distinct and compafable
" features to both tﬁe Mouht Nansen volcanic centres in

—éoﬁth-cenﬁral Yukon and those of the Sloko Group in

ﬁorthweétern.B;C} (Figure-ﬁ). These.two_gfoups
comprise_a iaté-Cretaceous;éarly.Tertiary Volcahic
sqite.disﬁribhted_over 500 km.

Mouﬁt_Nansén Group, named by Bostock (1936)
- in the DaQSon Range (Carmacké map-area), is a |

heterogeneous assemblage of andesite and basalt flows,. -
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breccias and‘less'common tuffs:ahd aggldﬁeraﬁe. A

| section measﬁred by_Bosﬁock inclgded 300 m of

fragmental rocks.overlain by-300 m of grey,-thin—bedded.
tuff. Most Mount Nansen occurrences are flat-lying

upon deeply wéathered sedimentary rocks, and are in
places intruded by grénitic stockst: Bostock concluded
that they were roof pendants of late Jurassic_or

Cretaceous age.

Volcanic rocks with similar characteristics
south of Mount Nansen were named the Hutshi Group
(Bostock and Lges,-l938; Wheeler, 1961). ﬁécent
mapping by Tempélmaﬁ—Kiuit-(1974) indicated that ﬁany
_occurrehces are eqguivalent to the Mount Néﬁsen_Group.
Becéﬁsé the Hutshi Group also-included upper. Triassic

volcanic rocks, its use has been abandoned..

Based upon'hisrmapping in.southécéntfal

' Yukoﬁ, Tempelmaanluit (1974, 1978, 1980) interpreted

: the Mount'Nansen.centfes as remnants of plﬁg‘domés and
‘differentiaﬁéd,véléanic piles that were dépoéited on a
deeply dissected l;ﬁd surface (Plug domes are
cylindfical ﬁasses of congealed:magma or tepﬁra'that
are pushed.ubward by gradual pressure, and not directly
by explosive actiQity;wfrom Mécdonald,_1972,‘p.4378);~
The Carmacks Grohp flood bésalts cover largé.areas

northeast of the Mount Nansen centres and were:probébiy

contemporaneous (Churchill, 1980; Grond, 1980).
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The Sloko Group, first described by ‘Aitken

(1959) in the Atlln (B. C ) map-area, 1ncludes

'dark—coloured amygda101dal basalt and andesite,

. overlain by volcaniclastic sediments that_are‘_-f

interbedded with trachyte tuffs and breccia. He

- reported volcanic piles up to 1130 m thick. 'They_are

‘better exposed than the Mount Nansen.centres, and

commonly contain beds of coal, sandstone and volcanic

conglomerate.

Souther (1967, 1971) desCribed several
volcanlc'centres in Tulsequah map-area to the south.
They consist of brlghtly coloured, 1ntermed1ate to
acidic, dominantly pyroclastic units 3-15 mdthick.

Some textures observed on Montana Mountain resemble .

Souther's descriptions of fluidal-banded rhyolitet_'
fragments and-flattened devitrified lenticles.-

Flat- lylng beds and volcanic rocks bounded by steep

normal faults led Souther (1971) to suggest that -

sub51dence and related volcanism produced”some of the

“the present erosion level. Late Cretaceous ages were

obtalned from plant remalns 1nterbedded w1th the
volcanlc_rocks, and isotopically (K-Ar method) from

adjacent plutons (Souther, ibid.).

The Skukum'Group (Whitehorse map-area)

contrasts with the Mount Nansen and Sloko units because

complexes which were preserved_by(doWnefaulting below 'l:
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it  occurs within the Coast Plutonic belt and intrudeé
Paleozoic and older‘rocks. Thé centres are located
west of the trend of Mount Nansén Group and are
probably younger. The Behnett Lake.complex (Lambert,
1974) is up to 30 km in diameter, and consists of.two
cycles of.thick ignimbrite deposits'overlain by
increasihgiy mafic breccias and.lava flows. Lambert‘
concluded that major ash flow eruptions resulted in
major stages bf caldera formation. Evidence for the_'
cauldrons ihcludes ring faults and fault—block.terrain.

The slight age difference between the base and top.of-

. the volcanic\succession_(Sl and 52 +/- 3.0 Ma; K-Ar

method, recalculated‘by Mdfrison et al, 1979) suggests
that'the.complex'was formed in less than a million

years (Lamberf, ibid.),

Méhténa Mquntain'liES bétween.thé type
quélities 6f Sl6ko Group and Mount Nansen centres.
Althdqgh the rocks are similar.in overall-CompositiOn-
and age, it is noteWorthy that descriptiOns df the two
groups.emphasiZe different volcanic structures; The
cbarsé Mbuneransen brecciés and their massive
exposures é@ggest ah intfusive style, bdﬁ-the fine

fragmental layefed rocks.of the Sloko Group probably

. formed composite volcances. In the Montana Mountain

cdmplex are'featureg that imply both of these origins.'

It is an ideal locality to investigate the different
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structural models that have been applied t0'similarfand

probably contemporaneous rocks.

Granitic Intrusions

Compositionally variable'plutonic rocks are
exposed north of the_volcanic complex, and-may'lie'at‘
shallow depths beneath it. They form the south end: of

a 22 km—long body 1nformally known as the 'Carcrossf.

- pluton'.” From the pluton about 3 km south of Carcross,y

. an age of 63.4 Ma was determined by Morrison et ‘al

(1979, by KfAr-method).

The typical plutonic rock, a pink—weathering,fs

medium- to.coarse—grained granite to granodiorite'

(Figure 7), is exposed in creek’ canyons at the northern'
llmlt of the study area. Its mode is shown in TabIe'

II. Salmon—orange calcite veining and xenollths of

‘dioritic’ composition are common.

A dlstlnctlve mauve coloured vaflety of
altened.chlorlte granlte, the' mauve alteratlon-typef,
extends from‘the-oontact‘with the voioanic compiex upy
to 3.kn toward the center of.the pluton.- Slightly

ox1dlzed fresh -surfaces are easily mlstaken for

medlum—gralned quart21te Quartz has a dlstlnct

‘purplish hue, and mafic minerals are replaced by
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Biotite hornblende granite :
~+ 1000 point count ' ' '
! (Wheeler, 1961) 25 34 36 4 1 i
., average hand sample - L |
'*E "~ (estimate) 20 15 55 . 0 1

Chlorite granite. {mauve)

X average {estimated 20 50 25 = - - 5
- from 5 samples) : : ‘

Alaskite : : . S
- A average (estimated 25 60 - 10 - - 5

from 4 samples)

Table II. Volume percent composition of the ‘Carcross p1utdn' in
the north part of the study area. -

Quartz

Gr'on_i?e_

x

Quartz

monzonite -

N LY LY

Alkali feldspar 50 - Plagioclase

Figure 7. Modal classification of:sampTes_from the fCarctoss'pjuton.
| on the Q-A-P triangle (from Streckeisen, 1973). Symbols
are shown in Table II. -
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chiorite clots. Notably enriched in potaésium, it may
be a marginal phase of the pluton that forms“a 'cap'

extendind beneath the volcanic complex.

Along the contact with the volcanic¢ complex,

a zone 4-5 m thick of aplite and-aléskite borders the

' chloriﬁe granite.. Commonly_rust—stained, it is buff( 
fine-grained and granular. Dikes 6f‘similar_
.'-composiﬁion extend into ﬁélcanic'rocks-stfuctﬁraliy
| above the piutoh,_and-intO'adjacent_Laberge_strata.

‘The dikes and border phasé host'tourmaline”Veinlets'and: .

drusy chalcedony in fractures and openings.

The 'Carg:oSs pluton' is“compdsitionally
vafiable and more. granitic than rocks of the Coast
Range batholith 15 km to the west (see Wheéler,.1961;

for comparison). Elsewhere, . - medium—-grained,

‘miarolitic and leucocratic stocks and plutons are

spatially related to Mount Nansen and Sloko" volcanic

éentres (Souther, 1971).

Tempelman-Kluit (1974) proposed an intimate

connection between the granitic’' and volcanic rocks

- because he observed feldspar porphyry;dikes-that'were

~gradational into both aléskite'and extrusive Mount .

Nansen flows. Similar felsic dikes both below, and
intrusive into, the Sloko volcanic piles were noted by. -

Souther (1971). The synchronous nature of these -
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intrusions iS postulated to result from relaxation of
the compressive stress after arc-continent collision

(Figure 3, after Tempelman-Kluit, 1979).
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CHAPTER IV

MONTANA MOUNTAIN VOLCANIC COMPLEX

Introduction

Brecciasuand'lava flows correlated Wiﬁh thé'
_Mbunt Nansen Group occur in a.roughiy circulér, 
‘highfstanding area about G-km'actdés; Mbnténa
Mountain, Mount Matheson and’Dail Peak are high pcints
.neaf its north, Qeétland south margins respeétively.f_'
This.éectibn descriﬁes the field relations of the
complex, and deﬁiﬁes rock.units. It is éuqceeded by .
ch;pters oh the-étrﬁ§ture and pétrqchEmisﬁty.of the
‘volcénic :oéks.. A ééncluding_chapter éresenté a mddel_:
for the evolutibﬁ of thetcompléx, folldwed by short'“

notes on its age and mineralization. .

General Description

The'Montané.Mounééin complex cdhsists_of
.'ignéous.extrusive_rdgksr with areas_intérpretedras'
subvolcanié bréccias-and plugs,.éé'well as'hofizoﬁs of 
'.volcéhic sediments. Figure 8 shcws'iocalities and.._'

place names referred to in the desériptiéns.
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BRFHSHCOLUM&A

‘Figure 8. Sketch map of*the'volcanic tdmp]ex, showing localittes

“mentioned in the text. 'Math Lake','Aurora Tarn' and 'Carcross

Pluton' are unofficial names.
= Ay A, and B are stratigraphic sections (Figure 9).

1. Math Lake breccia 8. Felsic breccia dikes
2. Mountain Hero breccias "~ 9. Protomylonite contact
- 3. Pooly bench an1mbr1te : 10. Fault contact _
4, Aurora layers : 11.-Gradational brecciated contact
5. Fluidal textures . -12. Dail Peak fault
6. Flow banded outcrops 13. Matheson fault
7. Breccia dikes ' '
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Variocs-breccias are the most common rock_type'

in the,complex. éxtensive in_the northern half are
" massive, homogeneous bodies of coarse fragmental rocks,h_
here.termed-intrusion breccias,'that;may haVerresnlted_d
from sdbterranean'stoping and churning. Layered
.breccias interpreted asdignimbritesdand debris flow
.deposits.predominate-in'the central_region.' The
‘southern slopes.exposeroVer 1200 m ofﬁiavafflows and’
breccias. Most layers.are flat-lying or gentlystilted{
‘.randomrdips'of units near:intrusions and margins of the,
.fcompler were'probably caused bydfaulting‘thatf-' |

~ accompanied volcanic activity.

In the Montana'Mountain complex the rocks,are
of lower greenschlst metamorphlc grade and are |
_generally undeformed.: Since Cretaceous t1me thls
reglon has been emergent ‘(Souther, 1977) and shaped by
'er051on. "The term Wvolcanlc centre (source area with
~one or several vents) refers in thls study to the
original ed1f1ce (complete dlmen51onsdunknown) whlie
fvolcanic complexi‘refers:to the'present,‘deepiy'eroded
structure. The'Montana-Mountain-complex"is.a remnant
of_a large.centre that perhaps was-situated omer the.d
'Carcross pluton' Archlng of the centre caused by
‘intrusion of the granltlc magma may have escalated

er051on of the volcanic edifice.

In addition to the complex are a few



Qccurrenceslof volcanic rocks that may also bé remnants
of one large edifice. A locality.sbutheast of Windy.
Arm described by Monger (1975, p. 28) contains flows
and breccias similar to those typical of the Mount

- Nansen/Sloko Groups. At this locality they
ﬁnconformably overlie the Cache Creek Group. .Anbther
occurrenée, lSIkm_northwest of Carcross wés mappea,byr
Wheéler (iQGl}'Hutshi Group) and abuts the north end of
the ‘Carcroés‘pluton'.' If the volcanic-centre covered
regions now occupied by the pluton, its pfimarY;veht

area may now be entirely removed.

-TWo,factérs are impoftant to the preservation
of the Mdntana Mouptain complex. Because lava flows‘
and other extrusive rocké'afe now exposéd'more than 600
m lower than.adjacent ridges'of_older Labérge,sediments
through whidh-they‘havé ihtruded, down—fauiting‘of the
voléanié rocks must have occufred. Fault zones form -
the southern and soufhwestern boundaries of the
- _complek, suggeStihg tﬁat biock subsidence, rather thah
regional~fauitin§,:odcurréa. Additibnally, the ﬁigher
elevations‘gdjacent fd the.'Cércross.piﬁton‘ suggest
that thermal metamorphism.during intrusion of the
"granitic récks‘has increased the resistance of
surrounding rocks to Qeathering; The“present erosion
surface 6f.the_volcahic complex is thus at a higher

stratigraphic level than that of rocks L . in the
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surrounding region.

Metamorphism and Alteration

R

Four tfges of altefation and metamorphiSm
have affected the complex: | |
1) Alfefétioh_and pfobable deviﬁrifiéafion-
' produced homogeneous aphanitic textures;
2-) Sausseritizatiou by meteo:ic'wateré and"”
‘hydrothermal fluids; |
- 3) Thermal metamdrphiém due to magmafic
_intrusiuns; and
4) Local oxidétidu, hydfation andrbleaching'qf_
rocks adjoining conduits of silica-rich fluids.
:Non—fragméutal vqlcauic'rdcks are medium  to
dafk-grééh or grey, finé—grainéd and .of lower
'gréeuschist metaqétphic_grade.r Thin'sectionsuof flow 
-rocks.show'oligocléseupartly gpnvertéd to.albite} and
rare actinolite, SOﬁe'of which repiaces'augite._ In
most'éampleu the_gfpundméSé'is CQmpused_6f §lagioulasé
micfolf?éé'ahd_altefed glass with_a;hyélbpilitic
‘texture. _Patches éna'uugs ofsecqndaryuquaftz,

rchlorite and calcite are ubiquitous inﬁthe.flows}

. Fragments in volcaniclastic rocks are .
commonly metasomatized.' Tuffs are altered to'tough,"

slightly poroms aggregates of_chlorite; actinolite and‘_
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" albite. .Probablé bombs in beds near 'Aurora Tarn' are
extensively converted to epidote. Lenticles are rimmed
Qith quértZ) chlofite;ahd dark clay mineralsfin"some
_pyroclastic fragments. Although textures 6f moderately
welded pumice fragments.are presérved,.some.frégment

~components have altered to clays rich in iron oxides.

Subvolcanic intfusion breccias are laced with
veins composed sequentially of chlorite—epidote—quartz,
'guartz—feldspar intergrowthsr and éuartz—tdurmaline.
 This order suggeéts increasing temperatures that may
_'havé béen.caused-by'piutonic intrusion.Mény
well—rounded'CIAS£s have £hick) epidotized rims. Their
. susceptibility to élteration;.as Qell as.to erosion,
could have resulted from higher porosity and larger

grain size than other fragments in the breccia.

ArOuna the southern end of the 'Carcross
“pluton’, rocks are-dérker} and volcanic textures are
obscured in an'aufeole 1004250 m wide,_'ﬁo:nblende and
biotite cfysta1s in_these_roéks'are up to 2 mmA;ong.
‘Although coarse breCEiés and,layéred;rock“types are -
lrgcognizable, ﬁany'fine—grained'rocks in‘this ?pne are

more appropriately identified as hornfels.

Oxidation and hydration along faults,-felsic
dikes and quartz veins have resulted in thick

sericitized envelopes that obliterate original
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'_mineralogy_anﬁhobscure ‘mﬁnmry textures. Rocks.
‘surrounding the Venus‘quartz-vein“contaih considerable
“limonite and yelloW'iron oxides, as well as pYrolucite.
'ahd irregular cohcretions of'dark brown.yukohite | |
(Sabina, 1972). ‘This soft altered rock was the-site of

'many'of the early mine workings.

Stratigraphy

Stratigraphic'sectionsfthrough.layered'
Qolcanic rocks exposed invthe"long.southerh_slopes_ahd‘.
'inlcirques in the‘centre‘of the compiex are depicted ih]
Figure 9. Although layering can he viewed'from'a |
3:distance, in outcrop priﬁary featoreS-are rareiy seeh
and contacts are dlfflcult to dlstlngulsh. 'Becaose
tamany volcanlc unlts are lentlcular and beddlng highly-
n_varlable, the sectlons prov1de only general examples of
the stratigraphy. They are useful to 1ndlcate';
. proportions of var;ous rock types and may 1llustratef
hgeneral‘trends or_changes that_occurredjih;the

volcanism.

- The south section (A); from the shorerof:.
Wlndy Arm through cliff bands to Dail Peak, is*h
dlslocated by a 10- -50- m: w1de fault zone at an elevatloh
of 5700 (1740 m) This break, referred to as the. Dall

" Peak fault} is significant because the layered rocks
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~and their attitudes dd;not match across it. .

The lower part of'the.sectiOnt(Al) censists

.of.at least 930 m of dark green.massiVe lava flews and-;
breccias that dip gently to'modefately south (outward T
from'the centre of the complex). Andesite and dacite
_comprise-73%-of the succession, commonly as flows
: averaging 10 m_tnick. Those at lower elevationS'.
contain horizons of spherical and.elongated vesicles
'“(i-4'mm long) that are éommonly filled Qith.ealeitesand‘
.clay'minerals.g Andesite breccias (5%)'¢0nsi5t:of - |
fbibcky,wangular to sub—rounded cebble—sized'fragmentS'.
'_,that'are compositionallylsimiiar to the encldsing:
i':matrix;'but ateldistinguished by different hues -
'(ebnnonly maroon) and.éteater vesicularity,LTThey are:‘.
,einterpreted as laVa‘flow—top'breccias. Other breccias
are lentlcular bodies 2-10 m thick contalnlng o
'heterollthlc fragments, and are probably 1ntercalated
.PYtoclastie'fiow.and laharlc-(debrls flows-compqsed,of

-~ volcanic fragments in a fine matrix) deposits.

'The,section above the‘fault’(AZ)ffollows
craggy spurs. to Dail. Peak. Although‘eontabts and
;textures are obscure in the-oxidized rocks,?the-

succession appears to con51st of grey green and maroon o

"‘_porphyrltlc lava flows overlaln by heterollthlc

‘brecclas. The upper 150 m contalns a varled assemblage

of fine, domlnantly felsic fragmental layers that dlp



..gently southeaét and north. Because the lat£er1éxhibit
fluidal textures with swirled, plastically deformed
.clasts (Plate I,'d)} they are thought to haveldeposited
as agglutinate (cooled spatter) deposits. lThesé:and
"the pyroClasfic beds on the summit of Dail .Peak are
unique in £ﬁe ¢omplex, and may represent a'latér,

separate period of volcanism. . -

7 Section B, meééured through rubble'slopeé and
cliffs south of upper-Pooiy Créek; displayS;about 450 m
' of-ﬁhe internal strafigraphy of thé complex.  Light |
green-grey lava flows (55%) constitute the lower
section, with héterolithic breccias and. felsic rocks
forming recessive intervélsf Whether the
.orange—weathering trachyte or-rhyolite'were”sills or
thick extrusivé flows could not be determinedf Near
“the middlé'of:thé section, a mcderately welded
‘ignimbrite. layer several metres thick waé ¢ﬁcountered

in rubble (locality 3). ° R .

‘No harkér units'Weré discovered;. However,
‘the two éeqtions.can_be tentati&ely.cqrrelatéd.by thick
felsic layers'which.separate the lower predominantly
__andesitic flows from an uppér succession of-breccias; 

ignimbrites and more felsic rocks.
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' CHAPTER V, a

DESCRIPTIONS OF ROCK TYPES
"LAYERED UNITS

: Lava‘FlOWS_

The oomihagtﬁrocks 'in the soothern two—thirds
of . the complex are hlooky, dark'greeh,VbrOWn-ahd'maroon
~volcanic rocks 1nterpreted as 1ntermedlate and mafic
lava flows. In large exposures they appear as.uneven. .
layers, from 5 to 15 m thlck, and some sub—horlentalh-
~units are contlnuous over 2 km._ Ihefpackage_of_lava_
'flows with intercalated'breccias is:at'least_QOO_m

thick south of Dail Peak.

The flow rocks are generally aphanltlc; dense'
-and relatlvely soft, most are’ partly recrystalllzed to
.amphibole and chlorlte aggregates. Fresh surfaces of
1nd;v1dual layers are dark green; purple;'or a |
.dlstinctive pale greeh}' The chemlcal analyses'
.(Appendix A); 1ndlcate that the dark green rocks
(average 55%'5111ca)_are of ande51t1o comp051tlon“and

that the light green rock type (64% silica) is dacite.

" About 25% of the lava'flow'uhits are



vesicular. 1In some outcrops at the head of Poolf
CahYon, spherical and elongate amygdules up to 2 cm in
lengﬁh comprise 20% of the-fock. Vesicles are locally
filled by calcite, quartz or dark green clay
(celadonite?); in altered zones they contain%épidote_dr

limonite. Cross sections of the lava flow . layers

"locally show hQrizons.of small holes; in good

exposures, changes in vesicularity are useful aids in

.-locating contacts of individual flow units. Although

" most vesiclES-are smoothly rounded (implying that -the

gas exsolved from relatively fluid magma), pinchéd and

irregularly elopgated'bubbleS'ih rocks near the Vault

mine resemble vesicles of more viscous 'aa' lavas.

Rocks with large and abundant vesicles are maroon: or

 deep purplish thtoughout; this oxidation colour
'SUggeSts_thét'sdme of the rbcks_were extruded

-;:Subaeriallyj

Most lava flow rocks dre massive and
homogeneous. Flow structures, such as. trains of -
vesicles, gradual changes in abundance of phenocrysts

and colour streaking were observed in some outcrops.

. Contacts’betWeen lava flow units are not easily

discerned. Those observed consist of: 1) thin,
irreéular cracks above darkened zones (1-5 cm thick)
and in places fractured, epidotizea rocks; 2) abrupt
changes in phenocryét cohtent, vésicularity or

i >
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’ weathering aspect, and in places iﬁ the.pattern aﬁa
Spacing_of'jointsf'and 3) breccia interbeds. Some of
these breccias, éompoéed of monolithié subangular“lava
fragments, are interb}eted as flﬁw-tdp breécias;_o£hér
hgterolithic_types that may be laharic deposité éré

described later.

Some of ﬁhe thick léyefs exposéd in cifques
ét'the.head.of.Pooly Creek consist of seveféi
~individual flows ranging from 1-3 m thick. In most -
';places these flows appear confarmable with each'other,
éithough a.distihctivéfpale green unit soqth'of_Ahforé
. Tarn oveflies;different breccia types, suggesting'é_ 

j:step—like,”blanketing'deposit.,

The layers are inferred to have been groups
“of fluid sheet lavas that spread over wide, geptlyr'

sloped areas. Most were extruded.into-a subaqueous
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environment, but some highly vesicular and maroon rocks

. may have reéulted,from'subaériai activity. The,lava

' f;ows cbmprise-at'least 90%.offthe volume_of.thé

extrusive part bf the cOmgiéx; and occur thfoughout the

exposed succession. - Detailed examination and tracing
‘of the flow units could lead to. reconstruction of 'the

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

Unsorted, layered breccias composed'of

coarse, dominantly volcanic fragments suspended in-a

-detritalimatrix are intefpretéd as flow depoéits that

were once surficial features -of the volcanic centre.

‘Most units are considered to have resulted'from lahars,

block avalahéhes and mudflows; however those rocks
containing chlorite lenticles and a vesicular matrix

méy have originated as pyroclastic flows.

The dark green and brown breccias have a

1blocky appeafance, but cannot be distinguished from

lava flows at a distance. 1In places the fragmental

‘textures are similar to those of subterranean intrusion

breccias, but can be distinguished by: 1) detrital

chips visible in the matrix;:Z) a greater variety of

-clast types ahd sizes, and 3) conformable or

'erbsionally disconformable contacts.

‘The breccias occur as tapered or lenticular
beds within lava flow successions (south of Dail Peak,

and at the head 6f'Pooly Creek) and comprise a section

‘more than 120 m thick near the Mountain Hero prospect

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

1.5 to 5 m thick, and their particular textures and
.diStinétive clast or matrix compositions permitlﬁ

identification in adjacent outcrops where external

o




contacts are not exposed. Some of the flow deposits_

‘were extensive; a layer noted for abundant bluish

quartz chips is exposed over 1.5 km in:the cirques of

upper PoolyuCreek.

The matrix is commonly dark green to grey and

' comprises 20% to.40% of the brecc1as. Detritus (1-5" mm

angular chips)_of andesite, dacite or.qUartz is almost

:always present in tne very fine—grained matrix. Thin

sections show patches of chlorite, and foliation within

-fragment trains as if some flowage had occurred. Flows

rich.in'glass.are suggested by the isOtropic matrix.in
many of the-altered deposits. ‘Euraxitic chlorlte
lenticles up to 3 cm long, commonly‘mirh_tricuspate.
edges and rhin, streamer—llke prOJectlons, ‘may have

been glass shards or pumice fragments.f
Clasts in'flow deposits vary'greatlzwin size,
shape and;compOSition.. Many-meather;light green-or-

maroon; in contrast to the uniformly dark green or

brown fragments of intrusion breccias (described in
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Chapter V, b) The pebble- to boulder-sized clasts_are'

‘commonly sub angular and. equant, and probably'weref

derlved from ande51te and dac1te lava flows. Man§

clasts ‘are ve51cular or porphyrltlc, and in some

breccias they are mlxad w1th fragmentS'derlved_irom .

previously exlstlng brecc1as, tuff layers and felsic

volcanic rocks.
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Most breccias in_thé'Montana Mountain complex
are dnsortéd and.chaotic (Plate I, a). Those
interpreted as debfis and_pyroélastic flow deposits
"show crude stratification in places, commonly as trains
of large‘clasﬁs sub-parallel to the base of certain
flows. Clasts are rarely toUching,.but may bé'
cohcentrated in_broad Or narrow zones (lO_cm to 2 m)"

separated by bands entirely lacking or containing Only'

small fragments. Fine-grained laminations that bend -~

around larger gdgrains suggest some internal reworking
'_during final movements of the flow. Such unsorted
textures, however,'reveal littIe'about the envirdnmeht

of déposition (Lajoie, 1979);.

Cdntaqts_between débris flow depo;;ts aré
sharp, irregular breaks. 1In many places they have
. served as conduité for later solutions and are
: é#ééﬁéively,céated-wifh chlorite, but some depositiqnal
surfaces are pristine. At thé:Mountain Hero locality,.
- thin gilfstoné interbeds'appeér'erosionally'truncated'
by thé overlying b:eécias. Bécause the fragmentai"
-textures of debris_flows are:in places superficially
similar to those'of-ihtrUSion breccias, depositional
'Eﬁé sehi—confo:mablé contacts wére useful criteria to
distingdish these déposits from the intruSive'bodies
with steeply cross—cutting.margins.: Some éf the

depositional breccias may grade into reworked—.




- a)

__t;)

c)

PLATE 1 - LAYERED BRECCIA

i oy g

TEXTURES

- Fragments of massive andesite (rectangular), pd;bhyritic

aﬁdesite (roﬁﬁded;'épeckled) and qﬁartz (white) in coarse
granulaf_matrix, now siliceous. Irregular lighter patches

around some clasts are epidote alteration. - From laharic

‘deposit, Mountain Hero prospect (locality 2). Tape iS'marked'in cm.

Ignimbrite containing grey lenticles (now chlorite) and more

rounded dacitic fragments (lighter grey) éhowing:eutaxitic

_ foliation. From Pooly Bench (locality 3)% -

Negative print to show texture of mat:ix of_Pyroclastic1flow_

or tuff. Lithic. tuff fragmentS'(dark) show-vague,alignmeﬁt-

~in the patchy chloritic groundmass.. Fine dark ;ibbons near:

bottom are probably altered glass shards. - Dark cross—cﬁtting
lines represent quartz4fillgd'miciofraCtures.' From Mountain .

Hero prospect (locality 2).

Negative'priht to show texture of pyroclastic.fall deposits.

- Irregular, pléstically deformed felsic lithic,clasté (1ighter _

parts are hematite-enriched) containing euhedral;feldspa?
phenocrysts and,rélictsAof pumice and glass shards (dark)_ére‘

enclosed in a sericitized matrix. From layers at Dail'Péak{ h
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-~ epiclastic sediments, but because the outcrops are

discontinuous the relations are not clear.

These breccias are inferred‘to have been

lahars, except where altered pumlce and shards are

-”present to suggest pyroclastlc flow dep051ts.

Dlstrlbutlon of these brecc1as :was " influenced by the

topography at the tlme of depos1t10n,'and they are' now

-discontinuously exposed so that the direction and
distance to séhrce'area are unknown. .Their”great

abundance and thickness in central regions of the

complex suggests that these breccias.may,have occupied
a_depression within'the centre. . Possibiy they were
shed from an edifice situated to the north of the

present1COmplex.

Breccias that contain ‘a mixtiire of primary

" they indicate that,pyroclastic'eruptiohs”mobilized )

coarse lithic debris. Three possible ﬁechanisms haVe
been~suggested‘

1) An- 1ncandescent grav1ty sllde (the 'Merap1

type' ash flow of W1111ams, 1957)‘caused by partlal

collapse of an active vblcanlc dome;

2)_Eruptibh ofta'tuff—breccia'formed'within'a
voléanie'cdhduit (c.f. 'Parsons,'1967); dr

R

block ‘which 1ncorporated slumped scarp debris.-
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“and Secondary'volcanic fragments-are:unusual because.,-'

3) A f1ssure eruptlon at the edge of a subSLdlqg@?L_H,gh
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Although none of these possibilities can be
definitely ruled out, the phenomenon of ash and rubble

slides originating on the flanks of a volcano or

growing dome (#l or #2) eppears most likely. The third

possibility depends upon recognition of a fault scarp;
but none of the faults within the complex could-be
- directly linked either'to-volcanic activity or to these

deposits.

Detailed.Study: Math Lake'Breccia (Locality'l)

A well-exposed bteccia lens in cliffs south
of 'Math_Lake‘ previded an opportunity to investigate
_the nature of. layered breccia depqsits. -The_exposure
is an obiiéue cross—sectidn (Fiéure 10) about 50 m wide‘
'_and_up'tO'lZ-ﬁ thick. The upper and lower contacts are
generelly'parailel, dippiﬁg moderateiy'sodth,into the
: face.' Above and below:the\bfeccia'afe thiCk'(lSHm and
greater.thaﬁ 5 m) andesitic fiows; ﬁhe dpper one is
:uniformly pQrphyfitie; Rubble cerrs extremities of
the breccia bedy; The deposit appears to be limited in
extent because nearby_the dpper.and.lqwerflava flows.

are in contact.

- Large fragments are unsorted and spaced apart

in the dark matrix. Subangular massive'ahd porphyritic -

-andesite and dacite cobbles predominate; they could

have been derived from units lower 'in the volcanic
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~succession. In addition there are unusual fragments

such as one highly vesicular mafoon-boulder énd pebbles”

of pinkish quartz; their source 'is unknown.

The dark matrix of the breccia is filled with

:angular andesite fragments and quartz; in places fine

laminations appear plastically deformed. Because
boulder—sized claéts are supported by the matrix, it .

may have.been a thick mud. White'clay rims,on some

fragments suggest reaction with ‘the matrix;'probébly‘

~during regional low-grade metamorphism. Breccia dikes

cut the matrix, clasts, and .overlying andesite.
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'--Figufe 10. Sketch map of the Math Lake breccia (10ca1ity 1).



That the Math Lake breccia was deposited
(rather than 1njected) between flows is shown by
dlfferences in its upper and lower contacts The
breccia dlsconformably overlies a massive lava flow
which contains partly assimilated:andesite fraghents;
the“upper surfaoe of which may have been a flow-top
breccia.. This contact is unaltered, and some clasts in
the 'Math Lake breccia body form vague trains parallel
to it. The upper contact of the breccia has small
offsets (10—90 cm) and a-dark, siliceous rim l 5 cm
"thick. .Hornbiende-porphyroblasts fill irregular
alteration patchee aiong this zone. 1In one place, the
foueriying porphfritic andesite intrudes 5 m downward.
into the hreccia body, suggesting that it maj:be'a_
crack filling. The breccia must.have‘been'
well-tonsolidatedhto open fissures and remain

undeformed by'the overriding lava flow..

[OTT

'TheuMath Lake breccia. is interpreted as a
.sllde that consolldated rapldly after depos1tlon. Its

upper surface was probably baked and infilled by the

| succeedlng lava flow. - B

-Detailed Study: Mountain-Hero Breccias (Locality 2) .

Outcropé'along M&iitana Creek near the
‘Mountain Hero prospect (elevation 5600'/1710 m) consist

of fine fragmental rocks interpreted as laharic and
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ipyroclastié flow deposits. They comprise a layered
succession at least 250 m thick, interbedded with minor
‘lava flows. Relation of these beds to_the volcanic:

: pile'tq the south is not known, but their moderate dips

-and higher elevation imply that théy_are_younger. 

About 20_separate breccia layers fPlaté II,
.é), ffom 1-10 m thick, were recognized;' Depoéitibnalj
contacts are exposed, including a smoothly undulating'
surface of -andesite o§erlain by heferolithic breccia
‘(Plate iI;<c), Somé b:eccia layeré are sépa:ated by
 £hiﬁ argillaceous partings that_lie.confprmably on the
:fiéw béneéfh, but aépéar éfosionélly?trhnéated by:.

 breccia'above (Plate II, b)..

.Clasts in Mountain Hero breccias‘range'from
.1—20acm; although spafse larger ciasts are concentrated -_'
'in1severél coarser layers. .Most are dérk‘COiouréd;-
. fine—grainéd; and veSicular;.they_wefé prbbéblj.defivéd'g
from lava flow rocks. | . | :

A e

Dark argillacédus'matrik £2£§§prte than “half
: oflmost breccia'layers.*.lt.may have:beep‘aSh;_hOw_ j
-réCryStgllizedrﬁq sericité.A.Séme léyérs égntain‘_'
_éngular'chloritic khots'aﬁd lentibleslﬁhat ﬁaY.be
_aiﬁered,shards or ash, as‘ well as.chips of-andeéite and
. blue.quartz.' In thin segtion the ﬁatrix shqws |

microvesicular fiamme replaced by clinozoisite. The

© el



48 (facing)

a)

b)

c)

PLATE II - LAYERED BRECCIAS o

Bfeccia_layers at' Mountain Hero prospect (loéality 2). The

rocks have been subjected to low'grade regionél ﬁetamorﬁhism;
and break along wéathéred_jbints., The layers are 2f3 m thigk
and contain pebble-sized and smaller fragments. Inset area

is shown in (b).

"Siltstone énd shale bétweén_bréccia layers in (a). White

streaks are manganese and iron precipitate along fractures.
The upper contact is irrégular and in places disconformable

with the overlying breccia. F:dm locality 2.

“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_clasts,szt'these

are not present immediately adjacent to the contact. From . .

‘below the Mountain Hero'prospect'(localitf 2).

et
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combination of altered pumice and fiamme indicates that
both solidified and partly molten clasts were present.
Along fractures, surface textures are obliterated by

mottled chloritic alteration.

Depositional contacts;-internal_homogeneity
and contrasts befween-breccia layers suggesf fragmental
flows or slides Qere debosited_in the.Mounfaln Hero
area. Plastically deformed lapilli and the
predominance of small clasts-sdggest that they-were

concurrent with explosive eruptions.

Ash Flows - Pooly Creek Ignimbrite (locality 3)

'In this study, the term'ignimbrite' is used
fo'designate the rocks formed'from the deposition -and

consolldatlon of ash flows (Lambert 1974), but do not

'contaln abundant 11th1c blocks (a characteric of

pyroclastic flow dep051ts descr1bed-prev1ously), .An
ignlﬁbriteris exposed on a bench in cliffs at an-

elevatlon of 5300 /lGlO m on’ the south 51de of upper

,Pooly Creek It occurs w1th1n a layered succession

interpreted to be laharlc dep051ts, volcanlclastlc

sediments &nd lava flows (lower stratigraphic sectﬁon

'B, Figure 9).. The whife—weathering boulders that cover

a 25 m by 50 m area contain dark, chloritized lenticles

that show eutaxitic foliation (Plate I, b).




These dev1tr1f1ed pumice shards compose

10-15% of the rock. Their length to thlckness ratlos_f'

are between 2 and 10, which is w1th1n the range of
partly welded 1gn1mbr1tes determined by Lambert (1974,
P. 26). Less common 10 cm clots are ‘not flattened, and

contaln 2 mm equant feldspar phenocrysts. Probably the‘

| crystals formed deep within the volcano before the1r1;
f,.eruptlon,;and the clasts may have been partly

- solidified when they were ejected from the vent.

Lapilli—size_and smaller lithiC'clasts form__

up to 50% of the rook;‘light grey‘microporphyritic'and

" rhyolitic fragments predomlnate. .Others. 1nclude f1nelyf

laminated chlps resembllng ‘siltstone fragments, ‘and
medium-grained leucogranltlc pebbles that 1nd1cate the'

magmatic source for this ignimbrite;f

Two possibilities—for the'origin of‘the‘

' ignimbrite may'be considered: 1) 1t was emplaced ,

durlng a dlstlnct, probably short llved exp1051ve

;eruptlve'phase; or 2) it oould~beragdlstal volcanic

- ' I SRS g
~deposit derived from'a centre simultaneously erupting-

elsewhere. If the_deposit“Was derived within- the

_oomplex, the-felsio'and vesiculated fragments could be

related to unwelded. pyroclastlc dep051ts near Dail Peak
(following descrlptlon). The 1gn1mbr1te may have.

erupted late in the period of volcanlsm,.because

'granitio‘clasts resemble those of the"Carcross pluton’
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that later intruded the volcanic complex. The second
possibility is based upon the textural and

compositional similarity of this rock to ignimbrites of

the MacAuley Creek Formation in the Bennett Lake

complex (Lambert, 1974). Volcanism at Bennett Lake is

thought to have occurred some 10-15 million years later

than at Montana Mountain, and possibly some of its.

_effusive'products were preserved in deep depressions

(such. as a possible'caldera.at'Montana Mountain) 20 km

distant.

Pyroclastic Fall Deposits

‘Fragmental rocksrthat-show good sorting,

-stratification, and contain vesicular and altered.

pumiceous fragments are .interpreted as tuff,

lapilli-tuff.and agglomerAte.- The two occurrences, on

 Dail Peak and in upper Pooly Creek,  are different.-in_

character but both appear to bé'near'the top of the

"volcanic succession.

Detéiléd-Study:_Aufora-Layérs (Locality 4)

Cliffs aloﬁg the south sides of a féctahgular
tarn (iﬁfdrmal;y“nahed after the abandoned Aurora adit
nearby) conéist of-iava fiows.and two laYers.of‘thinly.
stratified pyroclastic deposits'and sedimeﬁtsIIS to 3Q

m thick.
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- The layers are interpreted as beds of
pyroclastic ejecta and reworked tuffs. .They are
intercalated with.thin, highly vesicular'lava‘flows

'that have irregular protuberances on upper surfaces

~which resemble pillows. Hollows in the irregular_flow:‘

top are infilled by laminated grey claystone'and
‘'siltstone, which'show soft sediment-deformation

structures. Some of the-sedimentary layers'appear.

,truncated by erdsion, and exhibit dark,_siliceous rims

~in contact with laVa'flbwsL possibly the result of

baking by the over-riding iavas.
Fine-laminated beds are 1-7 m thick and
continUOus over 250 m. Weatherlng hlghllghts

alternatlng bands of medlum--and flne gra1ned

recrystalllzed m;nerals, but stratlflcatlon is barely

discernible on the dark fresh surfaces;rfln thin
_seétion, a dense mesh of plagloclase and aCtanlltE-

_'shows sllght dlfferences in grain size c01nc1dent w1th

stratlflcatlon. Uncommon 1-3 mm lltth clasts.(Plate -

III, c) and trlcuspate fragments that may be

-',recrystalllzed broken. bubble- wall shards are present.

At least two of the flne gralned horlzdns
contaln cobble- 51zed fragments w1th 1rregular or: smooth
symmetrlcal-shapes-(Plate.III, a}. Because elongate_ﬂ
vesicles in the clasts lie at angles te.the | |

stratification of the enclosing tuffs,lthey must be



b)

c)

d)

PLATE III - VOLCANICLASTIC TEXTURES (Locality 4)

Epidotlzéd vesicular fragments in fine- grainéd layers,
(dashed outlines) interpreted as bombs.  From Aurora
layers (locallty 4). ' :

Weathered-out boulder belcow outcrop in (a) consists
of vesicular core and siliceous rims; interpreted to
be a spindle bomb.,  From Aurora layers (locality 4).

Microtréchytic clasts (ﬁpper left) in sericite-chlor-
ite matrix, interpreted to be a lithic fragment in

. devit:ified tuff.  From Aurora layers. Polarized llght.

Lithid'fragment;'quartz-chips'(ﬁhite) aﬁd-chlorite

‘lenticles (dark clots) .in f£ine clastic groundmass.
"From debris and ash flow near Mountaln Hero- prospect.

Plane llght.
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exotic fragments; at least some are bombs. Talus
fragments show characterisic éhapes with highly

vesicular cores and- concentric. rims (Plate III, b).

Along the north side of Pooly Creek valley

are several outcrops of thin, alternating maroon and

green'beds._fWeathering.outlineS'sand— and silt-sized

clastic texthres indicating normally graded bedding

1-10 cm thick with abundant softfsédiment deformation.

- The beds may be ash layers that are now recrystallized. -

Discontinuous lenses of coarse, clast-supported debris

érosionally truncate the fine sediments.

The Aurora layers are accumulated products of

volcaﬁic‘actiVity and erosion. They were probabiy

JGeposited in water, and could represent infilling”of a

central depression.

_ Dail'PéakALayers

The ‘summit cone of Dail Peak (6300'/1920 m)
éonsists of gently south-dipping oxidized breccia
layers, 7-10 m thick, dohtaining amygdaloiaal maroon,

greenish and turquoisé (alteration colour) fragments.

Some clasts have interdigitating boundaries and

foliated lenticles 1-4 mm long that may be collapsed
gas cavities. Layers below consist of fine oxidized

matrix enclosing flattened, irregular-edged lapilli -

54
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(Plate I, d)-and sparse felsic cobble-sized clasts... -

Thin sections of the matrix show vaguely aligned broken

feldspar phenocrysts that are corroded and filled with

inclusions. Granular pyfite,_probabiy'filling vugs} is

"abundant in the lower layefs.'

"’Dail_Peak breccias have eutaxitic textures.

" that rEéemble those of hot ash tuffs. Egﬁgments‘in
 summit layers appear plastically deformed'and may havé
been molten when they were depqsitéd;. Theif

' stratigréphic position, at the top of the layered-
.vclcénic sucqeésion; and felsic compositidn sﬁggest

that they may have been accumulations of'pYroclastic

spatter derived from eruption -of sheeted trachyte;or‘

latite dikes_with similar compdsitiqn that are abundant

~in the units immediately below.

33
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CHAPTER V, b

INTRUSIVE UNITS

.-aoo

Introduction

Three distinct intrusive rock types are
recognized in the Montana Mountain éomplex. Intrusion
breccias ahd_plugs, as well as fluidal layering, were |
investigated-becauseltheir interpretation bears
significantly upqn models of the evolution of ﬁhe
complex. Felsic and breccia dikeé are then briefly‘
described. Quartz veins are'treatedfin a later.chapﬁer
pecause they'weré precipitated from‘solgtions rather
than intfudea aé solid'or_semi-éolid_maéma_and-appear

to be later than-the'main volcanic adtivity.

‘Andesite Plugs

Large bodies, including the masses comprising .

"Montana Mouhtain,.MountFMatheson and'steep—sided ridgesJ

:wést'of_themlare-pomposed'of homogeneous.Porphyfitié

| andesife. _Thé'rock ié medium green.or grey,-fine-
.grained, and contains iO—ZO% oligoclase blades up to 5
mm long. 1In é_few places, equanf epidote has
pseudqmorphed hornblende phenécrysts; No vesicles,

foliation, or flow structures were discerned in these
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rocks.

[T

The andesite bodies are'unlayefedfand aisplay
'reguiér vertical jointing that extends ffom top to'base
6f soﬁe_exposures. Some apparently single masses are
Very large: the bulk of Mount Matheson, up to 1 km wide
-~ (Figure 11), has~two.shéer sides 500.m high. Other
bodies are smaller, but equally Homogeneous; a
_glacially polished knobrnorth of Montana Mountain is 50
_'mrbroad by 30 m high, ana df similar composition;; No
stratificagioh; brécéia zones or_altération_sysﬁems
were observed in the bodies; é marked contrast to other -

rock units of - the complex. .

The'contacts-éf the andesite massés are
lmostly obscured by rubble;'those exposéd are sheéred
'2ones or appearwto grade into-cdérse breccias. |
Fragméhtalrrocks; iﬁterpréted-as intruéidntbregqié,

surround thé masses. These bodies lack internél
structures, but éhow perVASive_éﬁd persiétent.jéinting
 péttefﬁs,_suggesting that they'sqiidified as'éomplé£é_ .
 units, _They cdﬁld be cores Of'piué_domes. The masseél
are not remﬁénﬁs of lava lakesrbeéausé;layering an6  
lava flows are nét_commoﬁ in the viéinity (claésic'
examples described by Matﬁews, lQSB;'aﬁd Maédénald;_?
1972). Plug domes are éonsistént'With-ihterpretations"

of - the surrounding breccias presented here.
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and intrusion breccias. Shape, size and density of
the breccia fragments are depicted where known..

.. Numbers refer to localities mentioned in text.
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Subvolcanic Intrusion Breccias

Matrix—supported breccias consisting of

' clasts that are angular to well-rounded predominate in

"_the north part of the complex.. They are believed to be

_unlayered.because cliffs show ma551ve, well—exposed
brecc1as that extend vertically for tens of metres.
';Ande51te clasts weather brown 1n a’ lighter, more
o51liceous-look1ng matrix (Plate.IV, a).k Irregularly
‘oriented floidal.layers witnin the-intrusionjbreccia_

are diagnostic_of'this_unit{

-The contacts of breccias against.otner.rocks.‘
_are,rarely expdsedf In exposures nearrthe andesite |
d.massés previously described, fragments increase in siZe
.and‘are more tightly'fitted together,;so thatabreccia-

'aopears*to grade into massive'andesite. On-spdr'ridges

" in North Canyon of Pooly Creek, similar breccias form.
':pipes 30 to 50'm-1n diameter w1th steeply sheared,
:ienc1rcling contacts. -Larger bodies near Mount Matheson _
' and Montana Mountain contain‘many crossfcutting :
_i relations (Plate IV, b) tnat suggest the:breCCia'

resulted from multiple intrusive events.

In contrast to the detritalegroundmass of
fragmental flow deposits; intrusion breccfas.contain'an,

interlocking crystalline matrix between fragmerts. It =



=
b)

c)

PLATE IV = INTRUSION BRECCIAS

Rounded and irregular epidotized fragments in siliceous

-matrix; "~ Hammer handle in shadow is 40 cm long. From

intrusion breccia 200 m north of Montana Mountain.

Breccia with angular clasts crosscuttiﬁg intrusion
breccia composed of smaller, closely spaced frag-
ments. From cliffs 300 m west of 'Math Lake'.

Heterogeneous breccia near Laberge contact contains
smooth rounded clasts derived from adjacent greywacke;
angular banded fragments (above pack) are andesitic.
From.l km east of Montana Mountain.
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PLATE V - INTRUSION BRECCIA MICROTEXTURES
- AND FLUIDALTLAYERING
Two ‘andesite fragments (top'and bottom; now consisting

mainly of plagioclase microlites) in intrusion breccia
matrix composed of sericite and interstitial quartz,

with microlitiec chips. Polarized light. From breccia

300 m NW of Montana Mountain.

Fibrous quartz-rimmingvugs in recrystallized matrix

- of intrusion breccia with feldspar megacrysts (dark

euhedral shape at middle right). From North Canyon,

'PoQI} Creek. Plane light.

Fluidal layers ﬁiph:mediumfgrainéd weathered surfaces
(grey) and siliceol% laminae containing dark clasts. -

‘:From'ZOO m N of Montana Mountain. Tape marked in cm. -

Negative print to show ‘texture at the margin of
siliceous laminae. Crystalline intrusion breccia
matrix (white, at top) is truncated (finest lamjnae are
grey; iron oxide patches are white; note normal

and reverse grading near centre).. Clastic horizon
contains microporphyritic fragments and biotite

-crystals. From layer in .intrusion breccia; 200 m-
N of Montana Mountain. -
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is a saussuritized mesh of sericite, epidote and
hornblende in which clinopyroxene is replaced by
ClinOZOiSitéf Although now recrystallized, the
coherent igneous texture suggests'that the breccia
matrix was of molten, magmatic_origin; Scattered
quartz—filled_druses (Plate V, b).attest to gases
contained in.the melt. The breccias are dlssected'by

abundant chloritic and quartzofeldspathic veinlets.

Intrusion breccias have a high proportion'of
clasts; commonly'they are rounded, and cobble-sized,
with rare toulderS'up to 2.5 m across. Large pieces
are roughly'equidimensional, in contrast to fragments
smaller-than 10 cm which have thin,.projeCting.corners.
Clasts are well mixed and spaced-evenly in thellighter
matrix, giving the breccia a texture resembling.that of
a'nutty fruit cake. Less than lO% are vesicular or
plagioclase-phyric. Most fragﬁents_are fihngrained or
aphanitie, and some corrosive reactions with-the'matrix
are.indieated by altered.rims and partly assimilated

clasts.

Although most fragments.are dark and
_fine—grained, breccias near the edge_cf the_velcanic
complex areamore_heterogeneous. In a cirque 1 km east
of Montana Mountais,-host Laberge strata are |
.progressively.more fractured:near_the_contact with'the

complex. Unusual amoeboid fragments in the adjacent



.63

breccia are hornfels that could ha§e beén derived from
the sedimentary rocks'(Plate IV, c). .The breccia neér;
‘this. contact also.contains_medium—grained leucocratic

clasts tha£ may be of plufonic Qrigiﬁ, suggesting'that

some fragments were vertically_transpdrted.

The shapes of the intrusién breccia bodies
and time of emplacement‘aré unknown. Upper cpntacts :
'_are not preserved. Indirect evidence, including a
complete lack of exttusiQe:featurés)'the_massive nature
of ‘the bodies and intrusive contacﬁs; aé-ﬁell-an o
uncommon clasts of rocks that could ﬁavé been derived
f?om beneath tﬁé volcanic'pile, suggeSt‘late, |

subvolcanic emplacement.

- 'Fluidal Layering

Within the intrusion breéciéé'are zones of
épéfsé to fine laminations gangiﬁglfrom 20 cm to_lO m  -
thick. Some can be traced over 50 ﬁ.through
‘discontinuous 6ut¢robsilbutthese-tefminate in-both::

' direétions asfggoéhysés into7£he brecéié. -Becaﬁsefof
‘their continuity and feéturés‘suéﬂ”aé.verticél teXturél
grading ahdlincluded clasts (Plate V, c), the.zoﬁes
' might_be mistaken for sedimentafy bedé.. In places, ;
however, the layers swirl and_stream tbgether, implyiﬁg

that they once moved as fluids, and could not have been

formed by gravitational settling of_the_grains. _ -
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Flow layers appear.restricted to the

intrusion breccia of the complex._ Some are well 7
e#posédr(Figure 12). They have sharp, undulatiﬁg

contécts which occasionally éppear to flow around
projectioné of the enélosing rocks. Most dip
moderately to steep1y, and lack preferred orientation.
Cliffs reveai'thin'vertiCal layers interpreted as
subpérallel dike sheets around inclusions of

Surfounding rocks (Figure l3);

-~ The flow 1ayers are éomposed of a mesh of
séricite with chlorite and plagioclase microlites, wi£h
variatidns in grain size (0.0l to 0.5 mm) that are
proportional to thé:weathering textures. Analyied
samples of the fine, mediuﬁ-qnd cQarseét—textured
layers (Figuré'l4) show an iﬁdreasé in'siliéa_(up to
18%) and potassium in-the-fiﬁe laﬁinae.. Greater |
proportions of metal oxides.ana Ca0 in coarser layefé
suggest higher mafic mineral and Calcic.piagiOCIase
content. In thin_Section, some‘1aminae show trains of
.inclusions (Plate V, d); many of thesé have cores of,
_biotité.and hbrnblende. There are féint swirling
textures'within the finest laminae; The microtextures
and chemical variations attest to crystallization from, -

and emplacement by, a liquid.

Flow bands can be grouped.into 'sets' that

are composed of coarse to fine textures (corresponding
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to the size of the microlites) yhich form inversely and
normally graded sequences. In places these sets; .
appear symmetrical about the centre of the layer:
-normally—-graded laminae below-and reyerse above, so -
that the fine siliceous"laminae.are in the middle.
:(although'these'are less consistent‘or concordant with
the enclOSing coarser layers)-. | Fine laminae also line

-margins of breccia’ dikes that crosscut all the layers.

Flow layers'are interpreted to ‘have been
-conduits for fluids escaping through the intrusionif'
.1_breCCia“bodies; they are'typically ekposed:in Cross .
 section. The relations'described could result from
'.dep051tion of crystals preCipitated from
_through—flow1ng magmatic solutions. Mafic'-
'constituents, represented by coarsest.laminae,.could
have Precipitated first to coatrtherwallsfof the
_.fissure; and silfééoﬁsior’ﬁdlatile—rich.residues filled
.the last open spaces in the centre. Asymmetric and |
ptruncated banding might have occurred ‘when ‘the fissure,

.fa zone of weakness, was repeatedly opened and injected

'w1th~£luids.

Flow structures occur in a variety of
geological settings but are imperfectly understood
'Fluidal textures similar to those on-Montana Mountain'f
are present in the matrix of a-diatreme‘breccia in |

northern-Yukon described by. Tempelman-Kluit (lQBl;
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phnfo p. 300). _There, angulaf sand- to boulder-sized
clasts of counnry.rock'are evenly.spaced in fine
fluxion—textured maﬁ;ix; a_jdo m widercéntral zone
cbnﬁéins no clasts. The entire body.exhibifé_
compositional flow'banding, which is attributed'by him

to intrusion'by fluidized magmas.

Small vein systems which crosscut both

intrusion breccias and flow layers near Montana

Mountain were examined for information about the origin-

. of flow bands. ‘White-weathering gquartzofeldspathic

veinlets and larger dikes containing clasts of
wall-rock form reticulate netWorks (Plate VI, .c) in the
intrusion bréccias and adjacent rocks onreither side.
Because dike walls are not symmetricai. and wall rock

inclusions are common in the dikes (Plate VI, a), they

~ appear tq=be_the 'non~dilational' £ype (that is, their

width is due to erosion of the Wallé,_rather_than

filling of previously-opened cracks). Reynolds (1954)

described texturally similar granophyric veins in a

. Tertiary volcanic complex in northern Ireland and

deduced.that they-were.were emplaced as an abfasive
spray with entrained molten particles.' The subsequent

discussions consider fZuidization as well as other

mechanisms that might apply to the Montana'Modntain'

breccias and fluidal..layers.
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a)

b)

c)

(racing,

PLATE VI - QUARTZOFELDSPATHIC DIKES

Dendritid network of quartzofeldspathic intrusions
containing wall rock clasts (left), and showing
non-dilational passage artound fragments (left: of

notebook). From intrusion breccia overlying gran-
-itic rocks; 300 m northwest of Montana Mountain.

Rounded and jagged dacitic clasts in.'a quartzo-
feldspathic dike. Note offset of clast above
knife blade.  From the west end of 'Math Lake'.

Reticulate fissures in Laberge greywacke. . Fine.

~streaming is outlined by darker chlorite along
" veinlets. From near the eastern Le berge/pluton

contact 1n Big Thlng Creek.

ey
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Discussion: 1) Terminology of intruding Breccias

The term "intrusion breccia" refers to rocks

that have been fragmented‘byf”mechanical‘disruption of

”country rocks due to the forcible intrusion of magma"

' (Harker, 1908; in Wright and Bowes, 1963). This.

definition contrasts with that of "intrusive breccia";

a broader term applied to all broken rocks‘that sho&_

e

- cross-cutting.relationships. Several breccia dikes in

~the 'Montana Mountain complex are included under

"intrusive breccia"; the former, more restricted term

” is here,applied to areally extensive bodies. Although

-~ the above definition of intrusion breccia connotes

origin, evidence for the "intruding magma" of the

complex is indirect. The intrusive bodies'reSponsible

for brecciation are inferred to be the massive andesite

plugs. Althdughvthis origin cannot be proven, the

' intrusive evidence is unequivocal.

71piscussion:.2) Nathe'Of ﬁhe Volcanisﬁ .

L 2 .

. -The 1200 m (or greater) thickness of the

complex and extensive exposure of intrusion breccias

'-suggest'that the original centre was chara@férized_by

frequent,.preaominantly effusive, volcanic éctivity.

At centres where volcanism consists of long dormant

-periods followed by cataclysmic eruptions, the record |
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isloften'déStroyed or fragmentary: If violent

eruptions took place at this complex, little would be

preserved of the intfusive.bodies._ The rock types in
the complex and textures in tﬁe ihtrusive,units_have'
led to‘the conclusion that repeated, relatively mild,
intfusidns predominated near‘thé_éﬂd of volcanic

activity on the Montana Mountain area.

Discussion: 3) Subterranean Brecciation

.- -

-_Although breccias related to intrusions

‘cannot be observed as they form, fractured carapaces

over plutonic stocks (with_eponomic 'porphyry-type'

mineralization potential that has invitealextensive

- study) have many similar feétures, and may have formed

‘in'a similar manner. These breccias differ

.considerably.acéording to the stfehgth,-duration and

rate'ofrihﬁrhgioﬁ; Fracturing may prbgress rapidly

because'hyd:othermal solutions driven into cracks exert .

‘unequai pressures and act as a lubricantj facilitating .

' detachment_of_ﬁhe&pverlying focks.

Kents (1964) proposed'qualitative.breécia

terms (Figure 15) based upon his observations of
-subVolcanic intrusions at Andean copper prospects. The

firsﬁlsigns.of brittle strain, consisting of shattered

rocks remaining in place and commonly peripheral to the

71
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Figure 15. - Stages of brecciztion resulting from per-
' fodic or pulsing intrusive events. - Compiled
from photos and descriptions in Kents (1964). -
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intrusion, are_éalled.";upture.bréccia". Repeated .
shocks cause_"subsiaence breccia", where detached
blocks-have caved into the intrusion, énd "heave
breccia", in which ffagments have been shifted and
comminﬁtéd during a subséquent-intrpsive pulse.
"Kneaé;d“ or. "milled" breccié, characterized by
well-rounded blocks in a matfix of fine deﬁris,‘result
from focussed pulsatiops._ According_tdnkents, they
répfesent a final'stage, beyond.wﬁich-fragméﬁté become

ground to powder or are assimilated.

Intrusion breccias on'Montané Mouhtain.might
be ‘considered an intermediate‘stage,ﬂbecauéé-
well-rounded blocks aré‘commén. Comminution by.
méchanical means is indiqated by the gradationél.
boundaries (prdgressively'less¥fraétured rocks) and the

g?éat’extent.df the intrusion-bréccia bodies. The

-proposed mechanism is less appropriate, however, to

. explain thé*great vertical éxtent and'textural

uniformity of these bodies. .

Breccia bodies similar to but bétter exposed

~than Montana Mountéih were studied by Parsons (1967) in

“the Absaroka Rahge.(Wyoming_and Montana). There,

andesite blocks supported by tuffaceous matrix fill
numerous vents and also occur as beddéd'pyroclastic
flows which grade'laterally into laharic breccias.

Both vent and flow déposits have.an igneous 1'jﬂ : C e

-
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microbreccia matrix (dense angular grains in a
pilotaxitic groundmass), and both contain aphanitic and ~
microvesicular andesite blocks that he concluded were

derived from the vent walls.

Parsons interpréted the Absaroké brecéias.to
ﬁavé formed as a churning mass of blocks'in aIVOlcanic
vent:which'periodically overflowed to causé'debfis' |
‘évalanéhes. Rising plug domes may have generated the
non;explosive efuptiohs. A similar mechanism might
apply to the Montana Mountain brecéias;'although the{
relationshi?s between intrusive and.extrﬁsive brec¢ias

are less clear.

According to Gates (l§S7j,iféiaxa£iOn"of;  
- bdilt-up_?ressdres can be. more éffecﬁive than'repeated'
' impaéts for_breaking rocks. Sudden dropé in the. |
.pressurelof‘the:magma chaﬁber, pe:haps_due to rapid .
steam éséape, qauée compressea'gaéés ih.adjacén£ .
fractures to exert uﬁbalanced stréssés and'épéil.rocks
into the cavity. 1In addiﬁion,‘a paftial-§acudﬁ 6r ﬂ |
‘Vénturi'effect' éauséd by the esbaping gaséé_ma&hpiﬁ¢K'  '
rocks from the paésage Wélls. Thin,7curvedrof jagged
fragments that might be indorporated in this'ﬁaﬁner:
were no£ dbsérvéd on Mbntana Mountéin; but:tﬁeyfmay 5
”have'beén elutriatéd‘within-the'éhamber; Tgrbulenti"

' ﬁi#iﬁg'indicaﬁed by‘fluidal textufes aﬁd.clastsﬂsuggést

“percolating ‘magma could have been important in' the-
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formation of the complex.

Discussion: 4) Fluid Abrasion and Transport

'Fluidization' and 'Froth Flotation‘ are

processes widely used in modern manufacturing and

.combustion industries. When jets of gas.or spray pass

through liquid or particulate beds, rates of reaction

and mixing are greatly enhanced. The mechanism has
‘numerous éxamples in geology (Reynolds, l954),'and is
~relevant to discussion of-soﬁe textures of Montana

"Mountain intrusion breccias because it might explain

their great vertical'extent, and the mixture of rounded

and angular clasts in a fine—grained igneous matrix.

“The fluidal layers'may thus represent the final streams

"of the eScapihg'fluidSa

A detailed examination of tuff-breccia pipes

iﬁ‘southern West Germany by Cloos (l94l) is a benchmark

' study of fluidized intrusibns. Originally these'

features'were considered exp;qsion—fall—back breccias;
but Cloos observea that oriéntations of inciuded
limestone'clasts were-rélétivély undisturbed. He
suggésted‘that the great efosive.bowéf of comminuted
wall rocks entrained by a gas'stfeam had widéhed
fiésures until large blocks subsided into the pipe o

beneath (Figure 16, a énd'b).



Figure 16a.

Figure -16b.

Tuff dike composed of basalt 1apilli and fine rock
fragments from lower horizons, in‘addition to 1arge
blocks stoped from adjacent 1imestones. - The marginal
intrusive tuff has fluidal textures and contains com-
minuted wall-rock fragments. From Cloos (1941).

Well-defined.contact of tuff pipe (to the r1ght)
with locally brecciated- 11mestone host

~ From C]oos (1941).
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Reynolds' (1954) compilation of geological
examples of fluidization emphasized three
characteristics of gas—partibulate.breCCiaéz

1) the association of turbulent flow.structures
with well—roundgd clasts that1had not been transported.
far from their source areas; |

2) a lack of gréding and other features of
sedimentary deposition;iand

3) the possible presence of druses. -

Whether fluidizatibn is-impoftant“pr

essential to the formation of intrusion breccias cannot

- be established uéihg these criteria. Drusy cavities
‘are common in‘somé parts of the intrusion breccia
- matrix (Plate V, b), but other criteria noted above are

' not'necessarily unique to fluidized breccias.

Fluyidization, particularly involving a

vé;iculating ﬁagmatic liquid, rather than gas, could

conceivably account for observed textures, but

" difficulties. remain with-this interpretation. The

' meéhanism-is'inadequateu;p'explain-the internal

intrusive relations, gradational margins and large’

fragments that appear suspended in the matrix; 'In

- contrast to most fluidized pipes (diatremes) which are

" cylindrical or flaring near the surface and have

defined margins, intrusion breccias on Montana Mountain

are more extensive, and do not have clear-cut

W e 2
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boundaries.

"Discussion: 5) Brecciation by Hydrothermal'SystEmé

The traditional theory that diatremes were. -

caused by energized gases boring their way to surface

is supported by some (Macdonald, 1972, p. 382) and.

qﬁestioned by othérs,(McBirhey and Williams, 1979, P.

.54). The latter authors pointed out ‘that high vapour

pressures and large.gas volumes are uniikely to have

" been generéted by slowly cooling.magma plugs._ Becauée_ 
' magmas do not vesicﬁlate at great depths,_high.velocity

‘gases must be generated within several hundréd'metres

of the surface. An altérnative theory,-in which

ph;eatic’(steam) explosions propogate_downward'tb

,breach mané chambers, does not univerSally'apply '_

because some breccia pipes apparently never reached -

surface.

McBirney and Williams (1979) proposed that 

" hydrothermal circulating systems, driveh'by.repeated
intrﬁsive surges, create breccia pipes. In‘combiﬁafion

- with mechahical_rupturing and gas streaming mechanisms,

this modél'appeafs_best to explain the featufes'of‘the}":

Mohtana Mountain intrusion breccia. . The remaining
evidence of these systems are fluidal layers and
quartzofeldspathic veinlets, which may represent last

~ streams of fluid during waning stages of volcanic =
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activity or later intrusions.

Discussion: 6) Character of the Residual Melts

Intrusion of semi-viscous residhai mélts in
pegmatite dikes was considered by Hyndman . (1972;
néh—syhﬁetricél_fléw banding Showﬁ in photo, p. 82).
Hé reasoned that dissolved volatile components which

become increasingly concentrated in a magma reach a

" 'second boiling point', when the vapour pressure

exceeds that.of the enclosing rocks, and the mobilized

C fluid then crystallizes in closed fractures as

pegmatites. On the other hand, it is noted that high'
concentrations of volatiles inhibit crystal‘nuCleatidn'-

to produce fine-grained rocks. In this way both the

: gradationally-textufed layérs'and the fine siliceous

laminae could have formed in Montana Mountain breccias.

The.cross—cutting.relétioﬁs, with abundant -

veins and alteration, indicate several intrusive events

énd fluid circulation systems. 'The proposed model for
the'north part of thq,complex incérporates two stages: .
first, :ise of a cohgealed magmé_plug Within a breccia
sleeve causing progreSsivé fracturiﬁg; fbllowed by
churning and circuiation of the volatile components

through the fractured rocks. -
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"Breccia Dikes

Two varieties of volcanic breccia dikes occur

'in the Montana Mountain complex. The more abundant,

heterolithic type, consisting of'angular fragments in a -

chilorite-rich matrix, occur in the layered unlts near
. '"Math Lake' and are partlcularly common in the deep -

valley of the ?Matheson fault' (locallty 13). A second'f

kind, containing tightly packed, equidimensional

rhyolite clasts in a siliceous granular matrix, was -

‘1ohserVed north of Mount Matheson.

The chloritic_type_forms jaggedf

:nirregularly—tapering'dikes from several centimetres ‘to

metres in-width, and up to 10 m long. Their texture is
diStinctive, con51st1ng of sharp- edged, pebble- to e

cobble 51zed fragments that are jammed together,

_ although not closely packed (Plate'VII, a).r These'
"dikes are interpreted as the result of brief, v1olent

'1n]ectlons of broken rocks and gases along flssures.u

In a- few places the dlkes con51st of flne debrls and

~detached wall rocks; and'lack heterollthlc

(transported) fragments (Plate VII, c¢). Such zones are . ..

thought to have occurred when constrictiOns blocked the

~flow of larger.clasts.

Most clasts are vesicular andesites or

dacites that probably were loosened;from’walls‘of"theh"
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PLATE VII - BRECCIA~ DIKES

Closely-packed, angular, heterolithic fragments 1n clor-
itic matrix. Pressures of emplacement are indi-

cated by indented clasts (arrows). From Matheson

fault zone, south of -'Math Lake'. ' :

Breccia dike contalnlng ragged chloritic lenticles
(devitrified pumice?) and partly resorbed dacitic
fragments (lower left; beneath 2 cm cartridge).
From 100 m west of 'Aurora Tarn'.

-Fine clastic dike containing Wali rock fragments, where

no heterolithic fragments have penetrated. From 'l km
S of 'Aurora Tarn'.

Silicified brecc1a dike containing mlcroporphyrltlc

.and flow-banded clasts closely packed in matrix of inter-.

stitial rock dust. The rock:tvpe of these clasts-
is- not exposed elsewhere in the complex.

~From 500 m north of Mount Matheson.
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fissure. Other fragments are beige, fine-grained and

'siliceous, resembling aplite, or more rarely,

hornblende-phyric dacite; both of which may be of
subvolcanic origin. In'places the fragments indent and
deform one'another, implying high‘pressure and

temperature during emplacement.

Interstitial matrix is sparse and in some
places the original spaces between fragments remain. .
Where present, the chloritic groundmass contains finely

‘comminuted ande51te chips. Most bodies are also

characterized by abundant epidote- and tourmaline-lined

yugs. Near 'Aurora Tarn' some ragged lenticular, .

~chloritic clasts (Plate VIiI, b) may represent'former

pumiceous clots; elsewhere ve51cular fragments and vugs

imply that the matrlx was frothy during emplacement.

The rhyollte brecc1a dike in the valley north

of Mount Matheson contains small (rarely larger than. 3

"cm), subrounded fragments that are light grey, finely.

banded and tightly" f1tted together.' The matrix is
grey,-hlghly151liceous, and filled w1th commlnuted
chips and broken feldspar phenocrysts (Plate VII, 4).

The rock types represented are unknown elsewhere in. the’

- complex; the banded rhyolitic fragments resembleﬂthosed~

of the ignimbrite (locality.3). Possibly the breccia
was derived'from a partly solidified siliceous melt

located beneath the northern part of .the complex.
: SPRg *&k
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- Two possibilities are offered to_explain the
formation of the breccia dikes. Fragments could have

been driven up‘fractures'by phreatic explosions and -

-rapid steam generation, perhaps as' a result of seepage

- of meteoric waters into heated rocks. However,

subvolcanic clasts and chlorite ‘alteration of pumice .

fragnents_in dikes indicate that explosions tapped at

.least'the upper levels of the magma chamber. =

Alternatively, the breccia might. be caused'by g

f«fescapingfundergroundsgas blasts. A pOssible mechanismg

involves collapse”of”an'underlyingfchamber roof during

-formation of a caldera.” Lambert (1974 p;'l35)

described brecc1a dikes contalnlng clasts of . granltlc

basement rocks and suggested that they could have-

'resulted from rap1d lower;ngﬂoﬁ roof rocks into
‘ subterranean openings..-The brief blaststf compressed
rugases-would,sweep.rock_oarticles into:fractures.withn
little elutrlatlon. Because the chiorite—matrix dikes
| are concentrated in. a broad fault zone,_thls proposed
:mechanlsm 1mp11es sub51dence along the"Matheson

-‘fault" a p0551b11;ty.further examlned_;nﬁchapter VI;

'Felsic Dikes

Wldely distributed quartz latlte and trachyte

_dlkes form about 5% of the area of the volcanlc‘
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- complex, but their.bright-oréngé—weathériﬁg talus is
Widespread and conspicuous. Major dike syStéms that
oécur on the'south and'east'sldpes below Dail Peak énd
'in Pooly Canyon. “The dikes cut all volcanic rock
£ypes,.and‘commonly_occupylfault zohés. _Thick
sericitized weathering_rinas_afe ubiguituous. ' In
.contrast, several dikes that cut Labefge and Cache
Creek.rocks northeast of Montana Mountain weather
pinkish with opalescent plagiociase phenocrysts;_
Although not obserVed in the pluton, they ﬁay be .
related to the aplite betause the.two diké éompositiOns
f afe difficult to distinguish near ﬁhe Qolcénic-granitic

contact.

The dikes are usually pofphyritic and fine-.to
medium-grained. Typically they cdntain 20-25%
.-plagiOCIase (An 35)5aﬁd“15—25% potassic feldspar
7(probably-micfbcline) in equant and fine SIendér
crystals. Sohe-dikes ébove Venus mine éontain-énly

_ potaésic feldspar. At Vault mine; rounded quartz
- grénules tof? mm.diaméter:afe presenﬁ_in'théfaikes;,
'Biotite flékeshicélcite-and-polygbnal quaftz have 
partially replaced many.phenocrysts;fand in places

sericite and hematite have replaced’the matrix..

Cliff exposures in places show intertwining
sheeted dikes 1in féult zones (Figure 17). Evidence of

successive emplaCement'suggests that faults must have



View south, 1160 m. elev.

‘  Figure 17. Quartz latite dikes along fault zone in andesite flow -

layers on the south wall of}Poo]y Canyen. Venus quartz
vein also occurs in fault; the Vault mine is below, to
the left (Sketch from photo). o

View west
1740 m. elev.

Figure 18. Dail Peak fault zoneloccupiéd by;1atite.dike (locality 11).

Lava flows (left) dip outward from complex; debris flows
at right are tilted inward."'(sketch from photo).
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been recurrent lines of weakness. Moreovet, quartz
veins pattly follow the dike swarms, and mining of them
has reveaied slickensided walls implying subsequent
movement along these'zones;. Dikes that occur south of
Dail Peak (Figufe 18) may have eruﬁted,rbecauae felsic
pytoclaétic piles on the nearbf summit are

compositionally similar.

Felsic dlkes swarms are exten51ve 1n other
Mount Nansen centres in south’ central Yukon.--'
Tempelmaanlult (l??ngl980) observed their cloSeh-
association with both_the'volcanic rocka and the
associated Nisling Range alaskite. The dikes may
represent escapehof the lighter'fraCtidnhofla_
subvolcanic alaskite magma. Dikes,in-theeseuth—central
Yukon range in age'from 50 to 60 mA (KQAtfmethod;

Tempelman—Kluit_and Wanless, 1975).

The latlte and trachyte dlkes, wh1ch flll
fractutes that may in part be caused by arching of the
complex, are- probably related to the 1ntru51on of . the
'Carcross pluton’, wh;ch in turn may be_equ1valentfto

subvolcanic bodies recognized elsewhere.
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. CHAPTER VI

STRUCTURAL GEOLOGY

The rock bodies built by volcanic activity_tb
.fofm the Montana Mduntain complex are now deeply |
.erodEd, so that structural features are largely covered
by exﬁenéive rubEle. Weathefing dﬁes not_highlight
dépositionél’or.étructural eleménts becadse of uniﬁorm.'
regibﬁal and thérmal metamorphism. Structﬁral'modéls
and interpretatioﬁ—@ust be developed from inferred |
faults, internél contacts and étratigraphic breaks, and
to be'conSistant with charécteristic behaviour bf fhe

interpreted rock units.

The compléx appears to be a remnant of a -
volcanic edifiCe in its-south'part, and déeély éroded'
subvolcanic iﬁtrusions_in_the north. Prébably the-érea
urof,volcanic activity once,exteﬁded far beyond its
present expésed reméiné;‘itg distél,parts.have since
_béen removed. It is unclear whether the'complex is a
presérved.sdurce area, or was derived from vents |
.originally in the area.noﬁ occupied'by_the;'CarCrOss

- pluton', and since obliterated.




General Structure.

The north half of the complex, occupied by

~intrusion breccia and massive andesite, is unlayered.

Its boﬁhdaries are steep faults and in places

gradationally brecciated contacts.

Thickly_layered debris and lava flow hnits,
diécernible in cliffs of.upper Pooly Creek, suggest a
broad dome-like structure for the south part of the

complex.

Relationships of the Volcanic Complex to the

- Surrounding Rocks

_The complex is bounded by steeply dipping
fdult zones. A fault of poséible regional,significanéé
is_inferred to lie beneath Windy Arm,-sepéréting rocké
bf the Cache Creek Group frém the.voicaniq_complex_énd

Laberge strata.

The cOntact:Qith the Nakina Formation 100 m

south of Pooly Canyon (locality 9) is a 1 m wide

'verticél cleft of pfotomylonite with lenticles of

andesite (Mount Nansen Group) and amphibolite (Cache

__Cfeek Group). Fragmental rocks of §he complex adjacent
" 'to the fault resemble intrusion breccia, but rocks of

“ the shear zone: are not recfystallized. ‘The contact is

88
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therefore interpreted to result from intrusion of . a

partly solidified breccia mass.

In North Canyon of Pooly Creek, the contact -
of oxidized Mount Nansen rocks'dips'60ddegrees beneath
Nakina amphibolite (locality 10). It is aﬁ3—5dm‘wide .

zone' of argillaceous gouge containing lenticular

i clasts, probably of dike rocks. Its'outward'dip |

'_'suggests intrusion; locally abundant lat1te suggests

that the large blocks of Mount Nansen brecc1a near the

contact have been rafted_up by fe151c dike ‘swarms.

The northeastern margin of the complex with -

JLaberge strata is_eXposed in a cirque l"kﬁﬁeast of
Montana Mountain.(lOCality 11). 'Pebble-bearing
-greywacke,is fused.and.chloritized, with-increasing
‘:alterationtand fracturing-toward~the volcanic rocksr
VThe contact appears to be gradatlonal because blocks of

'rgreywacke are detached ‘and partly rounded w1th1n the_

adjacent 1ntrusion. brecc1a (Plate IV, 'c)f;

In a.saddle west ‘of Mount Matheson-a 50 m

.Téhéar zone dips 70‘degrees outward beneath deformeds'
'Laberge strata, and appears similar along the length of
-thecwest side. _Ma551ve andesite, 1nterpreted as- part

~of a plug, is_adjacent“to the fault_;one.

‘Quartz-tourmaline veins are common in the black gouge

of the contact. Locally the country rocks are steeply
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tilted away from'the_complex.:

In general the intrusive contacts of the
~complex are better exposed, bécause fracture:zones'frqm
them .do nof extend into the voléahic rocks, and they
are at higher elevations. Subsidence faulting has |
resulted in widér'fracture.zones that are more fépidly

eroded and filled with rubble.

-The contact of the volcanic complex with the
grénitig plﬁton-is exposed.nprthWest of Montana |
Mounﬁain. Along the sides of ‘a ridge spur*it dips 45
aegrées to the south béneath.darkenEB;'chlbfitized |
intrusion breccia. Fractured alaskite with abundant
tourmaline veinlets, and common byrolhcite and
maléchite occurs iﬁ’a 5-7 m wide zbne beiow the sharp
- contact. The pluton probébly"dndéfliéé“mqst of tﬁe.
west part of thg voléanic~complex bécause
quar£z¥tourmaline and gpliﬁic.veinlets are common in
this area; partiqularly near 'Aurora Tarn'. Granitic
'floéé-is preseht,:and a_smali.outcrop_waé'reported.near
the Math'Lq&S Bré;éia (K. WatSon; pers;.éoﬁm., 1980).‘
If the;top of'the pluton were'prqjected southwest from
the.nOrthern_eXPOSed contact, it would lie about 500 m
below £he surface here, and it is possible that a knob
- or large'dike may bring plutonic rocks fd'the.level of

the pfesentﬁsurface.
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Faults'

Three major faults over 3 km long have

topographic expression. Numerous-shorterjfaults;

' fioeally outlined by scarps and olefts, or oocupied_by

_felsic dikes,-are'partly obscured. Layering exposediin-

c1rques around the head of Pooly Creek show. vertlcal

offsets of 15-20 m, and commonly the downdropped 51de

'is to the north.

Two of the major faults are regarded as
structurally 51gn1f1cant, and 51m11ar~1nterpretatlonsu”

can apply to several others. ‘Matheson-fault' :

(locality 13) separates intrusion breccia and massive .
‘andesite from a debris and lava flow succession near .:

“ *Math Lake'. Its trace is a deep troughllOO'm wide

with glacially scoured walls. Chlorite—matriX'breccia )

«dikesrare abundant- in the yailey}:.Where'theufault.'”
' crosses ridges and spurs.it fs anforangefWeathering,
'sericitized-zone lO m wide that dips.70-degrees |
1southeast (toward the layered unlts) - - Two steeply ;i

h‘-dlpplng andes1t1c dikes show rlght lateral offsets of

about 95 m, but no dlsruptlon is apparent at the ends;

" of the fault. P0551bly thls was a zone of vertlcal

movement, with'only'smallfhorizontal'displaCements.

 The Daii_Peak-fault is marked by a broad’

shear zone and coincident dike swarms across the’ south



92

slope of the"volcanicICOmplex; On é spur south of'Daii
Peak it is 15 m wide, dipé 65_degrees'to the north
(into the complex) and contains black gouge and quartz
chips. South of fhe'fault, andesite'la§a flows of

irregular thickness dip southward; but debris and ash

~flows on the other side'dip to the north (Figure 18).
- These relations imply considerable movement; perhaps

 the ;ésult of 1owering of.the céntral'part of the

complex. Dikes in the fault are unsheared, and
compositionally resemble the felsic pyroclastic
deposits on Dail Peak. They may represent'fisshré

eruptions late in the history bf volcanism at Montana

"Mountain.

Steepfdipping fault traces cross the Montana

Mountain ridge. The more continuous easterly one also

. cuts the ultramafic plug (Cache Creek Group) but not

adjacent graﬁitic_rocks. "In part both faults separate

.the'andeéite plﬁg that forms‘thé summit of Monfana.

Mountain from intrusion breccias on either side. These

faults may have resulted from differential stresses

caused by the subvolcaﬁic_intrusion.



' CHAPTER VII

PETROCHEMISTRY

Chemical analyses of major oxides and minor

elements for representative rock samples provide. an

_inaication_of the nature of the Montana Mountain

| ._'complex. Detailed intefpretationS?couldfnot.be'made

_frdm the data because their accuracy_is'unknown and
they may not truly represent the‘éhemistry-of the“
compiex. . | |

- Sampling énd'Analysis_

Sémples were-choSen‘ffbm the typical.rock'.
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- -typeé'within the‘study area. -Their;desériptions and.

.~ localities are noted in Appendix A. Most*here.hand

,spécimehslwith minimal'clasts, phenocrysts and

r:weathered SUrfaCES;:but l kg chip-samples Weré'taken"f

from dikes.aad fluidal layers.

_For 16 samples, 11 majof oxides and 3 minor:

elements were .determined by X-ray fldorescence
Spectroscopy,(XRF) at X—Ray Assay Laboratories,
Toronto, Canada. .No reference samples Were provided.

The laboratory,analyses"claim_accgracy of +/- 0.01 %

a
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for oxides and +/- 10 p.p.m. for Rb, Sr and 2r ' !

analyses.

Normative Calculations

C.I.P.W. (weight percent) normative

~compositions were calculated for the lG_samplgs.
'Individual'différenqes.in-volatile-content were

eliminated by recalculating the oxide concentrations to

‘'100%.  Total iron, determined by XRF, was recalculatEd
by placing an arbitrary maximum limit on ferric iron
(hematite = £itanium oxidé_* 1.5; because parallel )
variétion of fhese elemehts‘ﬁas been. observed in suites
pf-unéltered rocks) and treating the remainder as FeO."

Normative minerals were calculated using the computer

- program LEMNORM9, written by R.K. Herd and W. Yzerdraat

(Department of-Geology,'Carletbn'University), based on

the_findihgs of Lemaitre (1976).

Resdlts

Metasomatized samples may be distinguished

from altered rocks that retain their original

‘composition by using the.'Igneous Spectrum' (proposed.

by Hughes, 1972, and modified by Stauffer et al, 1975).
All but'two samples from Montana Mountain fall inside
the domain for typical, unaltered volcanic suites

(Figure 19b). Potassium enrichment is the most
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"_Figure 19. The 'Igneous Spectrum', showing the positions’ of sam-

' ples from the Montana Mountawn complex in (b). The
enve]ope (proposed by Hughes (1973) and modified by Stauffer
et al (1975) encloses average unaltered volcanic suites.
"Equwva]ent feldspar content" is a measure of alkalinity,

assuming the total alkali content of the rock is in the formf
~of potass1c fe]dspars
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significant alteration, as shown by Figure 20. The
Montana Mountain suite does not plot near the'envelope

for spilitic rocks (Figufe 19a).

The standard classification system,

recommended by Irvine and Baragar (1971) is followed

. here. Alkalic and subalkalic assemblages aré

distinguished on the Ol'-Ne'-Q' triangle (Figure 21)
and the Alkali-Silica diagram (Figure 22). Montaha
Mountain volcanic rocks are subalkalic,_as are those of

the Mount Nansen Group in the Miners Range (Grond,

1980). In general they contain more silica and less

. alkalis than samples from the Bennett Lake Complex.

Subalkalic rocks are subdivided into’

calk—alkaiine‘and tholeiitic suites by the A=F-M

diagram (Figure 23). ‘Montana Mountain rocks appear to

‘be calk-alkaline, and plot in the same field as those

"from the Bennett Lake complex'and Miners Range.

' On the diagram of normative™tolour index

'V_Versus normative plagioclaSe, the Mdnfana Mounéain
" volcanic rocks plot within the average andesite and -
- dacite 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 7
normative albite than extrusive rbcks{ This diagram

may also be useful for distinguishing true rhyolite
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Figure 20.

Subdivision of sub-alkalic rocks using’.the normative
albite-anorthite-orthoclase diagram, after-Irvine and

Baragar_(]971).
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Figure 21. Ne'-01'-Q" projections of alkaline and subalkaline
: rocks, showing positions of samples from Montana
Mountain. MR = Miners-Range suite (Grond, 1980).
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"Figure 22. Alkalies-silica plot for alkalic and sub-alkalic rocks.
Dividing-1ine shown was proposed by Irvine and Baragar
(1971). Large envelope encloses Bennett Lake suite
(Lambert, 1974); smaller area defines 3 samples from
Mount Nansen flows in the Miners Range (Grond, 1980).
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from the silicified rocks, because some dacitic rocks

contain secondary silica enrichment.

Silica-variation diagrams are plotted for

each major oxide and minor element (Figures 25-27).

- Some oxides show uniform patterns, although most are

widely scattered because samples were chosen to be

representative, 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.

Interpretations from geochemical data must
await mbre‘consistent-sampling and further study. It
is probable however, that the Montana Mountain complex

is similar in composition to other centres 1in the Sloko

-Volcanic Province;'and belongs to the calc-alkaline

suite. Lavas and breccias near the edge of of the

complex (lower units) are andesitic; but the 'uppe;

flows' in the central part, which  probably are younger,

o are dacites;ﬂ'The chémistry'thus supﬁorts field

observations that volcanism may have become more

'siliceous with time. Compositional cycles, commonly

observed in rhyolitic and dacitic complexes_(Lamberg} i;__.-:3

1974 and Bérman;'1981) db hot appear to be present in

the Montana Mountéin-complex}
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Figure 26, SiOz-variation diagrams for major oxides of plutonic

and volcanic rocks in the Montana Mountain complex.
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CHAPTER VIII

CONCLUSION: EVOLUTION OF THE COMPLEX

The_Montana.Méuntain5complex-belongs t6=thé' -
suite of volcanic rocks typified by theIMount'NansénfL; 
and_Slbko'Laké loéélities,.which'in'the study area
conéist_méinly 6f andesitic tq_dacitic fléwsTand
breccias. It is one of a chain of iﬁterﬁééiaté ﬁo o
felsic.voléanic éentres that intruded and were

deposited upon an eroded.land.surface;

e , _.__‘_L .+ The following account summarizes
'ihterpretations of'the.complex. Figure 28 depicts the .

main stages of evolution.

| Inif}al effusivg'volcanism built,a.bfoad cone
‘with gentle slopes (A). The:earliest”dépoSits“ﬁrobéblyj‘
‘are nof'exposéd,'but etuéﬁidnS‘appeaf:tb_héve beén"'
Subaéfial;i'BloCky,téﬁﬁéséivé éndesitié:igva flows.méylf?;'
.héve‘éxtehded mofe £héﬁ ZO.km fr;; tﬁe ¢ompléx.' |

Tbe volcano Pfdbably.reacﬁéd-é.héighf'of'méréﬁ'.

than 1000 m before intefnél'préSSqres'iﬁcfeésed:
.s%ﬁficently to cause éruptions.fo_beéomewmore
”ﬁ' e __explosive.._Pyrocléétic-ahd felsié rocks'wefg deposifedd

‘at the top of the stratified volcanic pi}e.M-'



Figure'28.

) T

>

= §
o d
o—

2

3 Y-
— O W
o L Q
> o O
L O w4+

- Q
v+ O 4
c e o
L 3@

— c
= ~0
— 0 O

| ot wn

wn O 3
QLU
(2] Q +
m -~V C
P < Qe
(7, 1]

. — :
n-II.
= X 0O
o oV
Er—

CLr— o
- E @ C
o o' O

O 4
w | S
nnm_.a
o
— @ m
PP a0
CnBrTv
u 3 c
wo - ©O
V= et
0w O LU wn
w oec Vo
oOoc o -
C mMmoLU S W
O r—0

(=] he)
U O0>10cC
o I c ©
+ O m@
m O © c
EL OwnO
o+ o
M = n 33
O Y4 ——
v O A

e




. L
L e

106

One or more periods of subsidence interrupted

development of the volcanic cone (B). The original

" feeder pipe, not ‘recognized in the complex,}has'been
obliterated by the collapse  or subsequently_coveréd.
‘Subsidence may have driven gases trapped in the-top-of_

" the magma-chambér out along boundary fracture zones to

a .

create breccia dikes.

The rock reédrd appears to be more complicated

.:in the central region than on the adjacent flanks.
'Tephra, lava flows and volcaniclastic sediménts appeaf
"to have filléd_a depressidn to" a depﬁhfof éeveral_

. hundred metres. Settling Qf]Some_ateaé caused tilfiﬁg

- of others.

. Possibly later, andesitic magma intruded .

beneath a-large-(ihferred) volCanic_struétq:e*situated  

over the northern paft_of the preéent‘complex-(C).'

Plug domes may have caused churning of large volumes Of

host volcanic and sedimentary ;ocks) forming the

+

- massive intrusion breccias. Magmatic froth surged’

;through-thé brebcias, whi¢h?§heh‘séttigd ahd'cooled'to

“preserve the distinctive fluidal layers. ' From vents

the froth may have been released as.pyroclaétiC'flqws;

. The presence of active hydrothermal systems is

suggested_by:quarti chips in.the laharic breccias.3

Following the fiSe of the andeSite-plugs,'the

S S . . . E e A ol :WjWigm L -.. , sitrm
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magma became more granitic, and ultimately intruded.the
pre—existing vo1canic pile (D). felsic'dikgs.occupied
previous"shbsidence faults.and fissures opened by
upward arching of the complex. Some dikes may have
reached the surface, resulting in deposition of

vesicular agglutinate in the vicinity of Dail Peak.

The lack of extrusive rocks on'thé'north side
of the complex suggests that the volcanic centre once

extended over: the 'Carqross‘pluton'.

107



108

B I

CHAPTER IX

- REGIONAL AND ECONOMIC CONSIDERATIONS

 AGE OF THE VOLCANIC COMPLEX

The underiying Laberge Group is fbssiliferous-
and_well dated_ashlower and-middle'Jurassic (Wheeler, -
'1961). Because the voleanie.rpcksfintrude the Labe:ge;f

..strata, the complex_cannot be older than lbwer o
Jurassic.f The‘Mount Nansen roekS'do~nbt-show the tight .
folding present in the Laberge Group,.indicating‘a :
defornational event (and deep erosiqn) took place prior:; =

to. volcanism."

The volcanic cbmplex-is'intrddedrand o
:metamerphosed by'the_'Carcross pluton K dated by
Morrison et al (1979) at 64.3 +/- 2.2 Ma (K—Ar method)
This determination is intermediate- betweenathe-late.-
Cretaceous (75 Ma) and Edeene.(SS Ma) pldtonic'sditeeﬂ%f
::identified by.Metrison and Othets in.the Whitehbrse-':-

.map-area.

Mount Nansen volcanlc rocks 1n the Mlners
Range were dated at 72.4 +/= 2 5 Ma by GrOnd (1980)

using the K—Ar method. Other ages determined. for the‘

R Y wx,@



Méunt_Nansen Group include: 67.9 +/- 2.3, 73.1 +/—'2;5
and 68.0 +/- 2.2 Ma (all by Churchill, 1980; K-Ar
method), and 72.0 +/- 2 Ma (Rb-St, Armstrqng;',
unpublished) in the Carmacks map-area, and 58.4 Ma
.(K—Ar;_ggmpélman—xiuit and Wanleés, 1975) in Snag.
map-area toithe west. . Although Mount Nansen.volcanic
rocks were eruptéd at'difféfént times.and their source
areas probably developed'ove: several millions of
years, the‘results indicate that they are broadly late
Cretacéous in age. MoSt_of the compléxes‘havé beén
l,iﬁtruded_by leucogranite.stocks which may have reset
ages inaicateahby the potassidm—'and argon4bééring

minerals.

Nisling Range alaskite bodies and dikeé are
recognized by Tempelman-Kluit (1974, 1980) as
" subvolcanic equivalent and feeders for Mount Nansen
occurrences in the ﬁawson Raﬁge. Their ages fall into
-two_grdués: 50-55 Ma;whére_they occur within the Ruby"
Range granodiorite (part of the Coast Plutonic belt),
‘and 65468_Malin_biotite granite stocks'hortheas£ of
“that range'(Tempelman—Kluit and Waﬁless,'1975¥ K—Ar
method). These intrusive correlafives of Mount Nansen
- Group probably cooied'later and have younger isotopic

ages than the extrusive rocks.

The Montana Mountain complex, with similar

rock types and relations to others of the Mount Nahsen

LUz
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Group, is probably contemporaneous.. The_'Carcross=

pldton may belong to a group of biotite granite stocks

‘with related felsic dikes that arexmalnly exposed in .

'south-central Yukon. These are equivalent in age to - .

lAiv

the Nisling Range Alaskite (Tempelman-Kluit, 1981). o

Ma551ve ande51te plugs attest to the great

‘ th1ckness of the volcanlc plle.. If they were bullt at

the end_of'volcanlc activity, plutonlc rocks beneath-

ages of the volcanic rocks.

' them probably cooled more slowly, ‘and isotopic ages may
'be_younger. Furthermore, 1ntru51on of the granlte 1nto'

'_the complex has probably reset the orlglnal'radloactlve{-'
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QUARTZ VEINS AND RELATED MINERALIZATION

"Quartz‘Véins are aiétributed‘on the east
side andvnorth'éentral part.of.;he volcanic complex, aé
well as along the south margin of'tﬁé.“Carcrbss piuton'
(Figure 4). _The mineralized'Vehﬁs”ﬁein is the largest.
and has been traced on surface more than 2 km with _-
Qidths up'£6'3.5 m and:a downfdip extent of at least
800'm; -Other'veins are‘S.tOIZSOIm.long; and most have
. subéarallel_quartz striﬁger zonés;. Those along Wiﬁdy“‘
Arm aip moderately west; othef veins'in_the center of
the compléx_and nearby pluton dip- north ‘and northwest

respectively;

. The quarté-&eiﬁs fiil.fractures ana faults,
"‘sohe'of which_have open_spéces and slickensides on the -
_ hanging wall. Most contain white quartz, alfhbugh |
sulfideswa:e a majorfcomponent of some of the Qidest
veins. 'Qué;t; is cbar$elyfcrfstailiné or massive, and
in places s;ccharoidél. The Veﬁus‘vein'Shows
;haractéristic éymﬁefrical mineraljzaning about the
g veiﬁ center,.with arsenoéyrite on both wallé, follbwed..
by quartz and;pyrité.neérer the center, whiéh contains
galena and sphélerité:with quartz. Blue-grey, streékéd
quartz-is‘irregulérly distributed_and in placés |

T A ey . .o . . .. e



112

well-mineralized.

Gold is containedrin arsenopyrite; silﬁer”is-
predomlnantly in galena and minor cadmlum in
sphalerlte. Less common are tetrahedrlte, chalcopyrlte
and.stibnite;das»weli as pyrargarite'and-other_silVer
sulfideiﬁinerals.a Element geochemistry studies by
Ralfs (1975) and Morin _('1981.)" showed that |

concentrations of gold, antimony and arsenic are

. greatest. in the vein near .the top of.the Venus mine

workings. Silveré_cadmium, lead andfzincﬁ‘n"

fconcentrations increase with depth (over 420'/130 m |

down dip). The-mineral zoning suggests that.this
section of the ve1n is of the mesothermal type (deflned-

by Park and MacDermld, 1970)

The quartz veins have hydrothermal haloes of

.dox1de and clay mlnerals in the. surroundlngdrocks that

A resemble the alteratlon around porphyry copper dep051ts:

(propyl;tlc, argllllc and phyll;c alteratlon zones),

Volcanic rocks near Venus vein weather-orange—brown,

are ser1c1t1c and commonly 5111c1f1ed, 1n contrast to

-,the altered host plutonlc ‘rocks: wh1ch are r1ch in wh1te~

" clay mlnerals, chlorlte and muscov1te.

Near the Venus mine workings,:the_oxidized
envelope extends at least ZO‘ﬁ"to‘either_side of the

guartz vein and 30-50 m'ﬁelow the surface. If
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alteration resulted from fluid saturation of the host

rocks close to the original surface, the present
distribution suggests that the vein has not been deeply
eroded. Moreover, a near-surface environment is

implied by the abundance of chalcedony,; a lowépressure

pPrecipitate, alonq‘the Venus and Montana veins.

“"Studies of incluéiohs in the quartz could conclusively

test this hypothesis.

The ‘quartz veins occur-principally'in faulted

..rocks forming the east side of_the'volcanic complex and
- the southern extent of the pluton. They are not

-present in Nakina or Laberge rocks in the intervening 6

km between the Venus mine and those of the pluton, and

are thus most likely to have beén'emplaced-durihg

igneous events. Asymmetric mineralized bands and -

slickensides in the .quartz Veihs attest to repeated
faulting, which created open spaces for circulating

fluids. .

”‘Assdciétion with felsic dikes (Figure.l7),

and orientations suggestive of radial and concentric

patterns within the complex imply that the veins are

related to granitic intrusion and possibly arching of

the volcanic rocks. The quartz veins probably were

"emplaced-after volcanic activity in the complex ceased,

perhaps during structural adjustments.
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:f - APPENDIX-A. : Chemical compoéﬁtion bf:vblcénfé-and _
' intrusive rocks of the Montana'MouhtainV -
area. ' '
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TABLE A-1.

DESCRIPTIONS OF ROCKS FOR CHEMICAL ANALYSIS

Brecc1as and lava flows near Pooly Canyon
(average elevation 4000'/2200 m)
. 32—3 - L1ght grey matrix of siTicified brecc1a
® 32-4 - Dark green, vesicular lava flow
. *. 35-3 - Light green, fine-grained matrix of ag- .
. _ ~ glomerate breccia '

- Lava flows from upper Pooly Creek o
' (e]evations 5100'-6400'/1550-1950 m) -

o 32-1 - Light green massive dac1te
o 41-2 - Dark, aphanitic rock'with wh1te, fluidal-
textured laminae
o B8-6 - Dark green lava flow; with 20% o11goc1ase
‘ phenocrysts to 3 mm long.. :

: F1u1da1 1ayers, 500 m north of Montana Mounta1n
(e]evat1on 6500 /1980 m)

‘Mauve- weathering, s111ceous, aphan1t1c

* 19-2a -
L laminae
. . %.19-2b -~ Dark green, fine-grained flow 1ayers
! ' % 19-2¢ -

Dark green flow layer with coarse- weather1ng o
textures :

‘Felsic dikes - - .
Light grey quartz 1atite;'0rthoc1ese (?) -and

o 14-2 -
- quartz phenocrysts - 30%
0 35-4 -

[t s T

Other dikes

- X 19-2e - Mauve-weathering, quartzore]dspath1c dike
' X:19-3 - White aplite (30 cm dike in andesite 50 m from
- : contact with pluton)

Trachyte dike; pota;sic feldspar phenocrysts - 20%

1

~-Plutonic Rocks . L o o
"+ 44-2c - Oxidized alsakite (10 m below volcanic contact)'
+ 47-6 - medium-grained granite: ‘mauve a]terat1on type'
+ 47-7 - Fresh hornblende biotite granite
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._F'igure A-1. Locatidn of samples for. chemical analysis.

Symbols for rock types are explained oﬁ Table A-1.
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CHEMICAL COMPOSiTiON OF VOLCANIC ROCKS OF THE MONTANA MOUNTAIN COMPLEX

TABLE A-2

o8|

No[ms calculated by Carleton

computer, program LEMNORMS.

. . . . ° ° ) A S*. | Ke
| Sample No: | 32-3| 32-4 | 35-3 | 32-1 | 41-2 | 8-6a J19-2a | 19-2b |19-2¢
MAJOR OXIDES (weight percent)
50, | 59.3 55.0 59.2 [62.3 73.3 64.3 (75.2. 65.2 57.6
M1,03 | 13.5 13.6 15.2 {16.9 13.5 16.1 112.4 15.6 17.8
Ca0 6.40 5.46 4.38| 3.64 1.45 2.25| 2.32 5.55 7.35
Na,C 2.07 3.03 3.75 4.25. 2.03 4.22]2.35 2.93 2.8
K50 2.41 1.91 1.61; 2.04 "3.10 3.88|2.19 1.18 2.00
Fe0 '3.01 5.56 5.19} 4.81 2.27 4.11] 2.32  5.40 .88
Mg0 1.72 5.00 1.30] 2.16 1.32 1.24] 0.52  1.43 2.19
 MnC 0.12 0.10 0.08) 0.07 0.05 0.08] 0.05 0.13 0.21
Ti0, 0.57 0.78 0.97| 0.9 -0.18 0.81} 0.42  0.58 0.69
PO 0.14 0.27. 0.29) 0.29 0.09 0.22] 0.14. 0.15 0.19
Loss on| .7.77..6.38 4.46f 1.77 1.23 1.23] 0.62 0.85 1
Ign. _ ; ' : e
Total | 97.3 97,7 97.1 (99.6 98.8 98.9 [99.3 99.7 99.6
.. Cr2Q3 and MINOR. ELEMENTS (parts pgr_mil]ioh) o
Cr,03 | 50 230 120 |270 130 110 [230 130 g0
“Ir 90 120 110 /160 . 70 210 |9 130 150
sp 540 460 530 |540 340 390 (380 790 840
Rb 700 300 50 | 70 80 T1s0 | s0 20 60
| NORMATIVE COMPOSITIONS (weight percent)" T
Quartz 26.2 12.0 20.7 [18.2 44.4 17.9 |48.1 31.3 12.4
Corundum | 0.0 0.0 0.04 {1.74 -4.47 1.44 (2.35 0.0 0.0
Orthoclase| 15.9 12.3 '10.2 [12.3 18.7 23.4 [13.1 7.03 .11.9
Albite 19.5 28.0 34.2 [36.7 17.6 36.5 |20.1 25.0 24.1
Ancrthite | 22.9 19.6 21.4 |16.5 6.75 9.97 10.7 26.0  30.3
‘Diopside | 9.33 6.52 0.0| 0.0 0.0 0.0 | 0.0 0.68 4.6
Hypersth. | 2.47 16.1 7.29 19.36 6.60 6.17 |3.28 10.2 12.3
Olivine | 0.00 0.0 0.0 0.0 0.0 0.0{0.0 0.0 0.0
| Magnetite | 1.36 1.84 2.26 [1.95 0.33 1.81 [0.91 1:26 1.52
menite | 1.19 1.61 1.97 [1.71 0.34 1.57 {0,79° 1.01 1.33
Apatite | 0.35 0.68 0.73|0.68 0.21 0.52|0.33 0.35 0.45
,- 1 University
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TABLE A-3 -
CHEMICAL COMPOSITION OF INTRUSIVE ROCKS OF THE MONTANA MOUNTAIN COMPLEX

_ a O R X | + | + | +
Sample No. 14-2 |.35-4 |} 19-2e{ 19-3 | 44-2 | 47-6 | 47-7

MAJOR OXIDES (weight percent)

(o)]

510, 63.9 65.0 | 67.8 76.6 | 76.4 72.6 70.0 -

A0, | 14.7 15.9 | 13.4 12.3 112.0 13.8 14.2
Cad 1.60 2.05{ 3.8 0.54( 1.54 0.64 1.73
Na,0 4.53 5.16| 2.28 2.98] 3.23 0.12 3.72
K0 3.84 2.73{ 0.73 4.33| 2.56 4.32 4.03
“ Fe0 2.60 4.42] 6.40 0.51| 1.11 4.46 2.60
MgO 0.66 0.26| 2.05 0.10| 0.21 1.60 0.77
Mno 0.60 0.10{ 0.14 0.02( 0.04 0.06 0.07
‘Ti0, 0.42 0.69| 0.55 0.14) 0.2 0.21 0.42
PO 0.13 0.18| 0.14 0.02} 0.01 0.04 0.1
Loss on; -1.70 .2.93} 1.16 0.77| 2.00 0.31 0.63|
Ign. '
Total 99.4 99.8 [99.3 98.4 |99.4 g9g'3 98.6

| Cr203 and MINOR ELEMENTS (parts per million)

Cr0; | 100 60 g0 10 {170 90 110
Zr | 230 200 {10 170 120 200 200
S| 210 250 |600 140  [140 40 180
RO | 90 70 | 20 130 |120 170 140

~ {NORMATIVE COMPOSITIONS (weight percent) !

Quartz 23.2 18.9 |37.4 42.3 |44.7528.7 29.2°
Corundum 0.46 1.24 72.12 1.83 [1.18 0.81 1.60
Orthoclase| 23.2 16.6 |4.37 26.2 |15.5 26.9 24.3
Albite 39.2 44.9 [19.6 25.8 128.0 37.3 32.
[Anorthite | 7.29 9.24 |18.7 2.59 [7.77 2.96 6.03
Diopside - 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hypersth. 4.16 5.06 {14.3 0.43" |1.96 2.15 3.56
0livine 0.0 0.0 | 0.0 0.0 |o0.0 0.0 0.0
Magnetite | 0.91 1.49 [1.52 0.30 |0.26 0.45 1.39
Imenite 0.79 1.31 |1.04 0.26 [0.27 0.39 0.82
Apatite 0.31 0.43 [0.33 0.47 [0.02 0.94 0.26

TNorms calculated by Car1eton.Un1versity compyter, program LEMNORMS.
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APPENDIX B: - Investigations of Abandoned 'WO'rki'_ngs on Quartz Veins --
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