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_ Abstract .

T The Malton Gnelss C@tplex consssts of approxlmately lOOO square kulometers of -

' _muddle amphtbohte facles dneussnc rock outcropplng in dlscrete blocks east and west of

- the Rocky Mountaln Trench south of Valemount Bl’ltlSh Colembla e RS
The gnelsses west of the Trench in the Malton Block consust of a blmodal sunte

‘of Archean ortho&nelsses intruded by post Archean peralkallne le,ucocratlc

- _'orthoghen'sses ‘d,amphlbolltes ‘The Archean felslc orthognelss termed the Grey

""Gnelss probably of ated asa calc—alkalme

3093 + 46 Ma Wl‘th an lnltl' i

nahte derlved dlrectly from ‘the mantle at

rontlum 87/ ratio of 0 7001 + 6. B1O SMOW values

.range from 5 7 °/o,, to 9 7 "/,,o whlchva ears to be typlcal for Archean felsic . ‘

B orthognelsses The Archean maftc orthogneuss is probably of alkali basaltic parentage
"'the protoltth havmg forrned probably as a'cumulate, possubly by clunopyroxene plus _
v_Iabradorlte fractlonatlon at about 2950 Ma 8"0 SMOW values are very low even for

Archean maflc orthognelsses ranging from 4, 8 °/.,., to 5 3 °/°., The post-—Archean

- peralkalme Ieucocratlc orthognelsses conslst of Augen Gneuss and Leucocratlc Gnenss

N ‘r,

"The former possrbly orlgmated by the partlal meltlng of. the local Archean maflc rocks at
"176‘_.7 £ 20 Ma wnth an initial stontlum 87/86 ratlo of 07105 & 2 810 SMOW values

\ ~are 7 1 %00 and 7 8 % .. '[heLeucocratnc Gneiss may have been mtruded in two separate ‘
eplsodes ‘The first probablyoccurred at or before 840 Ma as recorded by the Pb

‘ 207/206 age of zircon separates A second intrusion of Leucocratlc Gnelss pOSSlbly
occurred at about 550 Ma as suggested by the rubldlum = strontuum data. The |mtlal

strontuum 87/86 ratlo of 0.71 07 *2is cons:stent Wlth formatlon by the remoblhzatlon

and mlxmg of the Augen Gneuss and the 840 Ma Leucocratlc Gneiss. A possﬂale cause of B

this melting may have been a further mflux of. alkalune maflc magma at 528 * 29 Ma Wlth
- an initial strontlum 87/86 ratio of°0 7069 = 1), These Leucocratlc Gnelsses yleld S"O

- SMOW, values rangmg from 6.2 %0 to 79 °/oo Wthh are consistent with theur N

post— Archean me' , .'1gneous character

The gneusses east of the Rocky Mountam Trench consrst of thé' Mount Blackman - |

Gneiss, the Bulldog Creek Gneiss and the Hugh Allan Creek Gnelss The Mount Blackman

l’-



-

- ©

) Gneuss consusts of felsrc paragnensses mtruded by mafrc orthognelsses the feI5|c
_“paragneusses apparently havmg formed from lmmature gramtrc sedlments A Pb
207/206 age on zrréons of 1950 Ma may be a mlmmum age for thelf source rock The

' rubldlum - strontlum evndence is dlfflcult to mterpret but may mean that the paragnelsses L

' "':experlenoed metamorphlsm at about 1990 Ma and at about 900 Ma Théir S"O SMOW

' values of 94 "/‘m to 10 1 °/o., appear to conflrm thelr paragnetssnc nature The mafrc

< w

gnevsses in the Mount Blackman area appear to be of tholeutlc basaltnc parentage

‘ mtrudnng as sills lnto the felsrc paragnelsses Their 810 SMOW values of ‘7 3 "/.,o to
82 °/o., are conslstent wnth their post—Archean orthognerssuc character The Bulldog
Creek Gnelss appears to have ongmated as a su:te of calc—alkalme maflc and felslc :

lgneous rocks, produced by | normal plagloclase fractronatnon Th‘e rubidium ~ strontlum N

| -~dat§ onvthese rocks.is mconclusuve suggestmg only that they probably fomedbetween :

300 and 1 100 Ma The Hugh Allan Creek Gnelss appears to have been an S-type gramte

intruded at 806 + 13 Ma with, an mntlal ratlo of 0 7222 15, g } o
Uramum Iead lSOtOplC analyses on zrrcons from the felslc suutes suggest

: multl-stage models with the. gneisses sufferlng eprsodlc Iead loss at tlmes consrstent

3

wrth thoée suggested by the ruidium — strontlum data = s

e

" The metasedlmentary rocks surroundmg the Malton Gnelss Cornplex consxst of

the Kaza Group to the southwest *the Mnette Group to‘the northeast and the Monashee‘

o,

Horsethref Creek Gr0up to the south Geochemrcal and petrologlcal studres onthe :

metasedlments ad ;acent to the Complex suggest that the Kaza Group here formed aa'*

-

'mature sedlments the Monashee Horsethlef Creek Group as greywackes and the Mlette -

‘ 5 4Y, s
Grou“p in thls locallty as |mmature arkoses and hthuc aremtes A hterature survey. shows-‘
that the three Groups differ in Irthology structure and metamorphlc hlstory B

Geochronologrcal studres suggest that the Monashee Horsethlef Creek Group suff/‘ d

its major metamorphrsm at about 1250 Ma the Kaza Group possrbly at about 250 Ma and '

:the: Mlette Group possubly at about 900 Maand durmg the Cretaceous .
The geolpglcal hlstory suggested for the area |s that of accretlon of a mmumum
of three and a maxrmum of fwe orrglnally separated plates, mlm—plates or parts of plates

: The terranes west of the Rocky Mountam irrench appear to have acereted to each other

. prror to thelr colllsron w!th the North Amencan plate, the latter possrbiy occurrmg durmg

- -



. the Cretaceous by waestward dlppmg subductnon A Cretaceous collt,snon may have been :

followed by dextral transcurrent movement a‘l%ng the Rocky Mountam Trench fault Zone,

by further easterly thrustmg and fmally by late Tertnary extenslon

e
o
S
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11 Locatlon and Structura of. the Malton Gneiss Complexf‘ _
' The Malton Gneiss Complex lles within. the Gmmeca Crystallme Belt of Wheeler

_.and Gabrlelse (1972) and sits astrnde the Southern Rocky Mountam Trench southeast of
Valemont, British Columbia lflgure 1. Min back pocket] 14 was=f|rst mapped by Campbell
in 1968 on the Canoe River map sheet of the Geologtcal Survey of Canada, and is
centered at approxlmately 52° 30' N and 118° W. The gomplex consists of about 1000 ”
square kllometres of amphubollte facies gnelsses outcroppmg as several discrete masses

of gneussuc roek The largest of these, termed the Maiton Block, lies to the west of the
Rocky Meuntam Trench fault zone, Wthh forms its ‘eastern boundary. Three smaller SN
blocks of gneiss; the Bulidog Creek Gnelss the’ Mount Blackman Gneiss and the Hugh |

"_'Allan Creek Gneiss, lle to thé east of the Rocky Mountam Trenoh (fngure 1.2). “The- Malton:

' gnelss is bounded to the west by the North Thompson Fault, to the south by the Windfall

| Creek. Fault and to the north possnbly by a Tertnary normal fault {Morrison,: 1979) |

The structure of the Malton Block has been descrlbed by Morrlson (1979) The

v domlnant follatlon (Sy ,l is folded lnto a large uprlght antlform synform panr with ESE
plunglng axes (F,). The dips on the lumbs of these folds are around 30" Wthh gives a
maximum gneis’sic thickness of about 8 km (lncludmg about 1. 5 km of topography) The -

-5, : follat:on appears to be due to an |socllnal foldmg (F ) whach also involves and mfolds

-the’ metasedlmentary cover rocks ofthe Monashee Horsethuef Creek Group, outcropplng

to the south of the Malton Block 'F, is foldlng at least one pre—exlstlng foliation, S, ,,

which agann also mvolvesthe Monashee Horsethlef Creek Group. F, is. '

1 ‘rles of large;

- tlght folds overturned to the northeast and plunglng to the southeast. Fs con5|sts of .

'1"'"domlng There are also at least two perlods of thrust fauiting and one of normal faultmg
'The flrst thrustmg is post F, and pre Fand lnvolvesthe Monashee Horsethlef Creek
Group. The second thrustlng is co—eval with F,. The normal faulting is the final phase of

: ‘deformation’ and has fauilt planes dlpplng steeply to the northwest Thus the structure of.

the Malton Block i$ hlghly complex as can be seen m»plate 1 l where the structural

surface of the’ Grey Gnetss of the Malton Block i exposed by erosnon on the floor of a@

cirque west of Dommlon Mountain. The peak ‘of metamorphism: occurr.ed'a,fter the F2

e e
»
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< The structure of the Mount Blackman and Hugh Allan Creek Gneisses, east of the

Rocky Mountain Trench, has been described by Oke and Simony (1981). The folding in
the Mount Blackman Gneiss is"complex, with axial plane orientations varying, suggesting’
ductile deformatuon dunng at least one of the two or more foldmg phases This gneiss
forms the core of S Iarge overtdrned antlform plungung to the southeast At about 20°.
The antuform is also faulted with the Mount Blackman Gneiss bemg thrust over the

overturned northeast li

Mount Blackman Blo¢k, striated fault surfaces indicate post metamorphuc movement. The

Hugh Allan Treek Gn is bounded to the north and east by a thrust fauit (possibly a

contmuatnon of the Purcell Thrust), to the west by a normal fault and to the southeast by a

.4

near - vertlcal normal fault on which there has also been substantlal transcurrent

movement.

LA ~

1.2 Geophysica’i' Significance of the Rocky Mountain Trench

The Southern Rocky Mountain Trench is a major lineament in the earth's
continental crust. It occurs as a narrow linear depression approximately 1000 km Iong)
extending from 1ZQ° 30' W and 53° 30 ,N‘ in southern British Columbia to 144* W and
4.70.5.6'~N in Montana, where it is cut off by St _.I\/_Iary’sitl:anscurr_entfault»~ The Northern

Rocky Mountain Trench and the Tintina Fault extend to its northwest, for about another

1500 km, in approximately the’same line. Stratigraphic evidence suggests tHat the line of

the Southern Rocky Mounta’n Trenph marked the approxtmate edge of the North

5
American.Craton in Cambrlan “times and |‘t appears-to have been-a Ieng exlstnng hne et

PRI

- - weaknessm $he darth’s, cr_u,st I't is probably best descrubed*as 2 comptex fault zone |ts

A e e

P I N - -

present surface. expressnon bemg that of normal and thrust faults for most of' |ts Iength :

.

- (fngure 1.1). Comparable hneaments in the earth's crust are ail ma ]Ol’ trancurrent faults

,. ;_ eg. the San Andreas Fault in Cahforma the Great Glen Fault -in Scotland and the’ Anatohan

“Fault in Turkey “The nature -and number of geophyslcal changes oocurrmg across the
Rocky Mountain Trench (figure 1.3) demonstrates its significance as a geophysical and
geological boundary. Seismic studies have shown that as the trench is crossed from east

to vyest, the crust thins from 50 km to 35vkm {Wickens, 1977; Mereu et a/., 1977,

'

A -
e PR . e e e A P

of Miette cover, north of Mount Blackman On the west of the'

- e - o @ o
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Spence et a/, 1977), the lithosphere thins to approximatelyl'35 km (chkens and Pec,

1968; Wickens, 1977), a 7.2 km/sec lower crustal P—wave high velocity zorie disappears '

(‘Chandra and Cumming, 1972; Berry and Forsyth, 1975) and the upper mantle P-wave
velocity decreases from 8.5 km/sec to 7.8 km/sec (Berry and Forsyth, 1975; Wickens,
1977). Other studies have shown a westerly decrease in lithosphere thickness to 20 km
{Fulton and Walcott, 1'975), a yvesterly _lncrease inifh'eat flow (Judge, 1 977); a waesterly
increase in electrical conductivity (Caner, .1970; Dragert and Clarke, 1977; Gough et a/.,
1882), a w‘esterly decrease in Bouguer gravity anomalies and an abrupt change in '
magnetic anomalies (ll-la'ines et al., 197 l;'Coles- et al., \l976). \ | . v

The seismic activity in the area is moderate, with an average,: taken over the last
twenty years, of one ‘earthquake every two years with a magnitude greater' than,. or equal
to 3.0.on the Richter Scale (Ellls and Chandra 1981). Compared 'with the generally
of earthquake actuvuty in thlS area (Flogers 1981). Most of these earthquakes have
occurred as swarms of hundreds of small shallow events but a magmtude 6. O earthquake A
occurred south of the Hugh Allan Block in 1918 and a magnitude 4.8 earthquake close to
the Bulldog Creek Block in 1978 (Eliis . and Chandra 1981) Rogers et al. (1980) have
shown that the motlon on -the .l_atter was'a &ombination of thrust and strike‘-—slip taulting.
) ‘-_Thes'e earthqual<es and a loCal conductivity high may be related to the Anahim Volcanic
“Belt and postulated hot spot (Rogers 1981 Gough et a/ T9§2)" Theh very hig'h-:('-’ZOOl
| ) neﬁgatnve Bouger anon1aly un the, area may also be related to this hot spot (Bouguer Gravuty )
B Anornaly Map of: Canada 1967l Taklng the eastern lntermontane Belt’ as datum the -
magnttude of th|s~anomaly is. closely comparable to that which oceurs between an |sland

."arc and a trench. (150 mgals in-200km.).

1.3 Metamorphic Core Complexes L
. X o
Coney (1980) has described over twenty—five isolated metamorphic terranes,
which he has termed "Metamorphic Core Complexes”, extending in-a narrow sinuous belt

along the axls of the North Amerlcan Cordlllera from northwest Mexico to Southern

L R Sy
e

. "Cenada (Frgure l—4) These metamorphlc core complexes~are defined by their dlstunctlve

structure namely, a metamorphnc-—plutonlc basement terrane separated by a decollement
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ﬁzone from an overlymg less highly metamorphosed or unmetamorphosed cover the ,
whole havmg a domal or antlcllnal structure usuallv elongated iin: the dlrectlon of the trend
: of the belt, and often asymmetncal wrth one flank steeper than the other. lflgure 'l 5)

~The basement terrane of these metamorphlc core complexes varles greatly in age and

—

hthology ranging from early Precambrlan metasedl'rﬁentary and plutomc rocks to mlddle o

Tertiary plutons (Reynbids and Rehrlg 1980; Banks 1980) Metamorphic grade is also

Tv\anable tendnng to be higher in oider terranes whlch then have a younger mylonmc fabrlc. s

' superlmposed on them nearer the decollement zone Wthh typlcally occurs close to the
Precambrnan—Phanerozouc unconformlty The overlymg cover hkew:se varles greatly in
age and hthology rangmg from slices of Precambrian basement to Tertnary seduments .
(Davrs 1980 Davrs et a/ 1980 Rehrlg and Reynoids, 1980) The cover is often hrghly :
eroded remanmng only in |solated klippen, but where suffrcuent cover remains,
extensional listric normal faults are common and the total amount of extensnon dramatic
(Todd 1980) _ .

The Malton Block appears to possess all the characterlstlcs of a Metamorphlc
Core Complex It consists of an early Precambrlan metamorphlc basement terrane )

formnng an’ asymmetrncal dome, elongated in the direction-of the trend of

eastern flank steeper than |ts western Thrs basement terrane is separated by
v decollement zone from a less metamorphosed hlghly eroded cover now exrs '

~ isolated khppen. Itis approxlmately colinear with four. of the- recognlzed Metamorphlc -

“‘Core Complexes of the Omlneca Crystalhne Belt- namely, the Valhaila Dome the Plnnacles, : ‘

the Thor Odln Dome and the Frenchman s Cap Dome of the Shuswap Metamorphlc
Complex (flgure 1 4) The Omnneca Crystalline Belt and the Coast Plutonlc Complex are -
the only two of the five northwest southeast trendnng belts of the Canadnan Cordullera

"(flgure 1. 3) which are comprlsed of .highly deformed metamorphlc and plutonic

- complexes the other three belts bemg composed largely of lower grade or

unmetamorphosed rocks which preserve much of the stratlgraphlc record of the .
) COrdlllera (Monger 1977 Tlpper 1881). . C : »

- South of the 49th parallel these two crystalhne belts flrst'tend to merge into the
, -ﬂldaho bathohth a";  the

"separa‘te agam further'so‘uth where ’the eastern belt: contammg

.8 ’t.,o.t

' the metamorphlc core complexes foll0ws a slmJOUs path through Idaho Utah, Nevada and .

..:._.rv‘.t, - . . X . - < .['Tt"'




o ipnre2 2 Mhrmnhc s(ruuural hlml. diapram of- t\'plmldmn.nu\ u{( urdlllcr.m mctamurphu: core mmplc\ct, AL
hasement fereane: B cover teergne O, decollement zone: ‘acolder metasedimentary racks; b older pluton; <.
mun-urplulnn(\'-lrll\ to middle lcrn.m) d s lonitic foliation: ¢, myloaitic hnc.num 1. m.uhlclrcmmlr(hlack);

a. toyer (o muldlv Fertiary w(lm'acmar\ .md \olmmc mcks N i Lo ’ ’

o metamr*ph'r‘c-
-+~ {Coney. 1980)..
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'.'south o

' CO“ISlOﬂS betwen the North Amerlcan craton and the varuous accreted terranes such as

1 4 Metasedsments adjacem to the Malton Gneiss Complex

'~A>_‘
g .

~Ar|zona lnto Mexuco Thls apparent geogr’aphlcal contmuxty does not necessarlly mdncate -
' comemporanelty The ages of metamorphlsm and decollement in. the eastern belt, as well' '

Lo as the age of the bathollths in the western belt tend 10 get progressuvely yoUnger to the '

— e

Geologlcal explanatlons of these physnographlc manlfestatlons have been many

.and varled lmportant contrlbutlons mclude MISCh (1960) Armstrong (1968 1972) Pnce
: ,"and Mount;oy l1970) Roberts and Cﬂttenden (1973) Todd (1973) and Coney"l1974) Ih -
T the Canadlan Cordlllera attentlon has focused on an explanatlon of the flve structural -
'belts (Monger et a/ 1972 Dnckmson 1976 Elsbacher ‘1977 Gflffl‘l’hs 1977 Muller

' 1977) More recently faunal and paleomagnetuc evudence has shown the Cordrllera tobe T

a collage of n’ncroplates oj dtffermg age and orlgm the terrh collage bemg first comed

by Helw;g in 1974 lSchwelkert 1976 Monger 1977 Jones et a/ 1.97‘7 Dawscet af
1978 Monger and Prrce 19'79 Coney et a/ 1980 Monger and lrvung 1980 Tupper
198 1) Monger et al 1982 have suggested that the Ommeca and Coast plutomc belts

or welts formed as a result of tectonlc overlap and compressnonal thlckenmg durung
N

o g

Wrangellna and Stlklma Coney et af (1980) have descrlbed all of the Cor'dtllera west of iy ,'

the North Amerucan craton as suspect terrane (fugure i, 6.
’ -

Precambrlan metasedlments of the Kaza. Group overlam by the Canboo Group
.are faulted agalnst the. western edge of the Malton Block by the North ThomYPson Fault
(flgure 1.2 The stratigraphy and structure of these metasedlments have'been descrlbed
by Sutherland Brown (1957 1963) Campbell (1970l Campbell and Charlesworth (1970)
Youngl1979)andPell and Simony(1981) Co ST L L . '. s,

The Mlette group metasedlments also of Precambnan age outcrop to the east of

. the Rocky MOuntaln Trench They ‘have been descrlbed by Pnce and Mount;oy (1966)
Slmd and Perklns (1966), nce (1967) Glovanella (1967) Campbell and Charlesworth S

J and )(oung (1979)

'The Monashee Horsethtef Creek Group Preoambnan metasedoments outqrop

-

Coaa e
AN




- Fig. I § G‘cneralny:d mup -of Cordilleran Suspecl Tenanes Dashcd panern

‘North- American. autochthonous cratonice basemem Barbed line, eastern -

fimit of Cord‘Hcran Mcsozoxc-Cenozmc ddormmon Barbeéd “arrows,
du-ecuon of rnajqr strike-ship, movemcnts Terr:nes arf: descritied below.

" Atsrks o

(lor further ln!ormauon on the distribution and charactcr of lerrmes in .

Alaska, sce refs 14, 17-20, 53) .
Sp. Seward Peninsul ,' tructurally ¢

X . [} ; of Precambmn
RO metammphn: and sedimentary rocks, and Palncozou: carbon:m: rocks. .
" Ns, Neotth Slopc——Prccambnan. Palacozoic, and Nlesozoic clastic and
carbonale scquence—-par‘l o(’Norlh Amcnca but mny hlve mavcd (rqm
- .. original position.

Kv. Kaguk—ﬂl‘hmnquencc ol radiolarian chcn. nrgnlhlc shale, md rmnor

- - vplcanics, Mississippian to Thassncm age.
‘Em, Endxcou—-mclamorphoscd Lawer to- Upper Palacozom cluuc and

" carbonate rocks intruded by-Palacozoic granitic rocks.

=R, Ruby-—composite lerrane oompnsmg al least three. scparate. umts
including Precambrian mcumorph»c rocks, mid-to. Umr Palacozoic -

i velcanic and sednmenlary tocks. and hick . piles pf T.awet Mcsozou:

C-uforah e -
~ Fh; ‘Eoothlll!—?Upbeermamcmdemu v5lc2nlc ind &Glamcfusuc rocks

" Ubasalt and cheg.

R lnnoko—s&rucmmlly defhrmed sequence of Upper Palacozoic¢ o’ early -
! Me;ozolc chert, argllhte. graywacEe in‘d basw lor-lmefmcdufe 'vdl-’

camcs.

'NF. Nixon Fork—Prccambnan mclamorphit rocks ovcr-lam‘by Ptlaeozmc‘
- and Mespzoic carho)mc. clastic, and cherty rocks. =+ - < o

C Guod'nes\ (composnu-—frmudes Lhrcc terranes? (178 c&mplex asgcm

" .blagc ol defofmed Upper, Pajaeoudit, volcanics.ichert, and graywaehe .- ;

- with blocks ololdcrht'hestone () Pfccambnnngnussesandsch:s( and .
+3) ¥1csozo|c arc- dcmcd’ votcantt ﬁ'o“s luﬂ and grav“atke‘ w,n.
interbedded chert.
€1, Chulitna, .lcomposite ;—-mcludcs three lcrrahes KRN Demman ophuol.u
. -_ovcrlam by Palaeozoic chért, voicanic L(mglomcralc ‘hmestone, and”
: _ ﬂ)sch “and’ 'Hc{ozdlchmenonc, rccb;ds ﬁyach and chert; l"\M:sozmc
. chert.. argnllue crysml wtf, and gonglqmeraucsnndswm A3 Unpc[
Palaeazoic tuff. and chert, vmcamc grayw‘ckc with’ bfbcks of Lower
' Palaeozdic limestone. .
PM; Pingston &.McKmley lcomposnc l——mcludes !hreé !cﬁancs (1){)
" Palaeozoic ph)lhtc and Triassic thin-bedded hmcstoncand sooty bli
. shale: 121 Upper Palacozoic chert, Triassic ptllow basalt, and Upper
Mesozoic Aysch and conglomerate: (3} Lower Palaebzmc limestone: tuff
and fiysch of unknown ages.

‘YT. Yukon-Tanana \compositel-—inciudes regmn:\lly melamotphoscd

kd limestone, Up -
schiyt and greiss of Precambriani®} age. ‘Dévonian i pper \o. San ‘Gabriel (composite)}—two structurally complex and juxtaposed

. Pajaeozoic silicic metavolcanic rocks, Rermian ophloh(e snd folmcd
grapitic rocks of unknown age.

W, Wrangellia—Upper Palaeozoic arc complex composcd of ﬂows breccuas

. -and volcaniclastic rocks averlain by hpestone, clastics, and chert, and

Mesomn. a{{ldwed and subaerial basait Bomuocc ed by limestone,

vherty: Ixmestonc— and-clastic rocks._ .. ..

B Pcmnsula‘r—nfc Patagozoic: ﬁmesmng. 'ﬁ-ussu’ basait, ar;nllne. aml
hmeslonc. Lower Jurhsstc VOlcamv. and, volqmclasut rock;‘ younger

_clastics.

"Cg. Chagach (cohaposltcT—nqcludcs (48] deformed Uppcr Mmzonc ﬂysch
and melange units, 3nd (2) deformcd Lower Cenozoic ﬂysch and

volcanic rocks?’

Ax. Alexander—complex tefrane of Precxmbmn(") and P:lacozmc vol-
. canic rocks, clastics, and Ilmcslonc and Me:ozom volcanics, hmcslone.

and clastic rocks.

T. Tnku——slruclunlly complex’ assemhlagc of Upper. Palacozoic voi-
basalt, ll!" ne,

caniclastics, limestone, &yscht"). and LowerM

and Aysch.

TA, Tracy Ar;h—alruclurally complex assemblage of marble. pehuc gneis-
. Nevada
S, Sonomia (compome)—mcludcs Upper Palseozoic volcamex in lhc south, .-

ses. and schist of unknown ages. _
Casada 1 :

Ch. Cache¢ Creek ternne-—M:sstssnppnn to Mlddle(Upper")Tnasslc. hnghly N

fics

_disrupted radiolarian chert, argiltite,. basalt, . type ultr
“arge shallow-watgs carbonates, and 1ocal blueschist melamorphlsm

BR, Bridge River. terranc—Middle Triassicto Lower Middie Jurassic, highly.

disrupted radiolarian chert, upllue, blull. alpm:-type ultnmaﬁa and
minor carbonite.

St, Stikine’ lernne»—Mmlsnppun lnd Permian. volcaniclastics, - bnsc w0

-acidic . volcanics and carbonaies, locally deformed and intruded in

-middle to late: Tmsn«. time, overlain by Upper Tmssnc to Middie -

*Jurassic volcanogenic Strata, -

L Wuhinglo- lnd Oregon

i, Northern Siérra—lower Pal

kF'

Mo, Mohave'(composne)—wxupqsed and d;frupgul {’alpegzoic scdlu:eu-,‘-f St ae

B. Blja——mdude: :caltcred ]ocxhtles of Uppcr Palacnwgc ﬁmenone md’ Coe T

'V, Vizcaino (composnc)——mcludcs “Triassic bulll, chen lnd llmuwne.,' S

B Enstem assemblage ; (oomponle)-—mdudu pomble In.e Preambrim« )
- -' -eatly Pilagozoic metamarphic terranes, of pomble oommemﬂ lﬁnity. L
cogenm with Mississippian.to Triassic basait, ulmmuﬁu and chertand ; -

. vplclmchsuq tqd urbonlles, ovetlam unconformnbly by Mlddlc Tﬂ-\

SJ, San Juan (compésite)—includes: hngh]y ddormed Mcsozou: cHert, argtl» R
Jite, graywacke, and volcanic tocks, pardly mmel:ngcs, with ocks: of &t
[ow'er Pal:eozmc plutonic ‘rocks, Palacozonc chert, .carbonates, " ‘and”
volcanic rocks Pcrrman hmcstone blocks con(aln ,Telhy:n fusuhmdt
(see ref.: 54)

'C; Northern Cmades (composnc)— lncludcs crysmllx_ne and pehuc gnens- ¥

ses, and-thrust ‘sheeis composed of (1) Upper Palacozoic andesitic -

volca(ycs and associated scdnmenlury rotks; (2) grcch schlsl and b1ue

schist: and (3) Jurassic ophxohw (see rel. 55).- : i
~O, Olympic—Lower Cenozoic volcamc rocks.and. assocmed deep- and -

shallow-water-sedi y.rocks. B A unknown. bul presumcd o

" be-oceanic (see rel: 56). . :

-+ §, Lower Cenozoit volcanic and sedimentary rocKs lying west of the Cascade

. R:mgc Palagéomagnetic data imply. post- Eoccne clockwue romnon of
.70 *(see refs 35, 36).

..BL .Blue 'Mountains (composite}-~inciudes melange wilh blocks of ~

Palacozo;q ophlolue, limestone; and chert, ‘arid Mesozoic! chen ‘and
sandstone, slrucmrally overlain by, Tnasstc and Jurasswvolczmc smd-
slonc. conglomcrale and :rgullue (see refs 51- 58).-

o - e
- .

© | associated with phyllite,’ sme and gnyWacke. and Upper Junssnc
- -'ophiolite:(see refs $9, 60). s
xp,Thasncmd-Palacozmcof Klamath Y 'uplams(compome)—mcludal
- structarally complex assemblage of Lower. Mesozoic 6phiolite, chert,
basalt, Jurassic: andesmc rocks, and usocmtcd scdlmcnxary roch (uc
“tefs 61 62)."

KL. Efaslefn Klamnh Mounlains—Mlddlc lo Uppc( Palaeozorc ,duucm W e e

“ voleanic; and catbonite’ r&eks, overlain by Triassic and Jurpmc vol-
"’ canics and minor limestone (see refs 63, 64).

ic clastic sedimentary rocks. Upper -
.. Palacozoic and Lower Mesozolc vo'lclmc and assanaled sedlmemuy

" rocks (see réf; 65). :

C. Calaveras (mmpmne)——;ncludmg 2 western belt, ol mellnge \imh ophlol- '

ite and Mesozoic chert, and an eastern belt of ‘quartzose clastic rocks,

lrgxlhtr.. and, minor Permiaa limestone (see ref. 66). g
Franciscan (composne)—mcludcs Upper Mesozoic: Grell Valley < -
sequence with ophiolite: at-base, and structuraily. underlying disrupted - !
and p:mllly meumorphosed rocks of the ancxscan Complcx (seeref.

67).: .

Sa, Salmn—mcludci meumorphosed pelitic rocks, mublc. ‘and graywacke B '

of upkpown, ages, intruded by Cretaceous granite plutons (see ref. 68).

Preumbrmn crystalline terranes. mtruded by. Mcxozonc plulom (see re(
69).

OR, Otoeopna—mcngnywackc and mudstone and minor cheﬂ and bauc “

‘volcanic rocks, age unknown.'No known basement’ (see ref. 70).

"tary- sequences,” Lovér Mesbaoic Sed)mcnmy and vplclnk:
muuded by Mésozic plutqns. (see.;;f. 71L . ;. .

Lower  Mesozoic -clastic rocks, overlxin by & thick pile of. Upper
" Mesozoic volcanic and volcaniclastic rocks. cappcd byjllestCreuoeoul PR
quanmleldspathnc sandslone (sec'ref. 72) - >

Mpper Jurassic arc-derived volcanic and volcamclasuc rocks, Upper -~
Jurassic and Cretaceous.clastic rocks, dphiofite, and structurally'under-

‘lying Upper.Mesozoic blug schist and dlsrup(ed rocksslmlllr 1o the '
‘Franciscan Complex (see ref. 73). "L -

and; Lower Mesozoic;volcapics in the north. St and KL 'terranes ofi-
-ginally included in Sonomis (see ref. 74).

GL. Goloondn—nructural_ly deformed assemblage of chert, argillite, minor

ne, and-ve of Mississippian to Permian age (see rel. 75).

RM Roberts Mouritains—structurally complex assemblage of chert, argil-

- lite, sandstone, basalt, and minor limestone. of Cambnan to lllst
Devonian or urly Mlssmppun ages (see ref. 76).
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Thompson Fault and 50uth of the Wmdfall Creek Fault Thelr stratlgraphy structure and o
' metamorphle hcstory have been descrtbed’ by Wheeleret 5l (1972) Brown et a/ (1978) . w :

g _‘-‘tgm\ .ﬁv LR

Slmony ot at, (19wl,aP6ulwn and Slmony “(1 98‘0) and Ghent et al. | (1980) "

e J he ages of the Precambnan metasedlmentary group,s are not known wnth any- - T

DL accuracy~ Geqloglcal Survey of Canada K 8 Ky ‘Ar- age,aepr;ome-:l965~are unréllable because S ’" S
many were'not corrected for atmospherlc argon Wanless et, a/ tT967) obtamed a K Ar BN
: ; age of 1535 Ma on detrltal mlca from: the Mlette Group Charlestrth et al. (1967) |

made K- Ar nsotoplc measurements on whole rock slates contammg metarnorprnc mlcas B

.oy - e e
- H

: : 'and on detrltal muscovate separates from psammutes of the Old Fort Pomt ang. Wyndu L ' e

— -_',.ﬂﬂ -

formatlons (Miette Groupl near“Jasper These gave a 1700 Ma mlmmum source rock age'.'" wg .

and a 75 Ma maxlmum metamorphlc age Further measurements on slates and schlsts 80 .

km west of Jasper gave a 69 Ma whole rock slate age and 93 Ma and 105 Ma on biotite

- oy e VR N B S e Wb,

and muscowte (respectlvely) from a schist. These were lnterpreted as incompletely resett "
detrltal ages glvmg maxumum metamorphlc ages Prtce and Mount;oy 41970) quoted an S
i age of 1 1 1 Ma on post knnematlc metamorphlc blotltes from the Miette Group in the

‘Selwyn Range Campbell (1968) equa’ted the Mnette Group with boththe Monashee ’

N M
- -

Horsethlef Creek group and the Kaze Group.~ "~ ' P -

Cambrnan rocks m the area have been descnbed by Campbell and Charlesworth

R -

(1970l as outcropplng ina northwest trendlng strip north of the Malton BIOck as well. as

.r--la. A

east and south of the Mount Blackman and Hugh Allan Creek GHGISSBS Oke and Slmony

'-‘ e ll'98 1) however mterpreted the quartzlte in cpntact w;th the' Nlod’nt Blackman Gneuss as '

P

- "'"basal Hadryman llvrlette Group) and not as Cambrlao Gog Gnoup{flgure = 2) The

fossulnferous Mural Formatlon (top of Lower Cambrlanl is. absent in thls area.

Soe e T
B O ' . . : O UL
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: ‘1~.45 Statement of the Probiem - B

1.5. 5.1 Age and Petrogenesus of the Gneisses )

The age and ongm of the gnelsses are unanWn Once these have been
_ determmed by geochronologlcal geochemncal and petrographlcal methods thelr e v o
e relatnonshlp to each other can be dichssed ’lt is possnble that the gneusses east and

L ‘ west of the Rocky Mountam Trench are unrelated ‘being- fortuutously exposéd at the same



| 14
\'.am‘gd“e {possibly due to uplift on the Mount Robson Anti'clinorurnl Itis possible that
I ‘~dextral transcurnent movement Has occurred on’ “the Rocky Mounlam Trench. (Elsbacher
oo ‘1.97,7) Correlatlon between‘ dated’ gnetsses on oprS|te s»des of the Trench wnll place
R lll'mts on the amount and twnmg of any such movement Thrustlng may also have taken _
place across the Trench (Ghent et a/ 1977 Sumony and Wlnd 1970). Agam correlatlon -

or non correlatlon of gnelssnc rocks wnll aid in- tlmmg those movements and ]

o vestabllshung a tectonic hlstory of the area.’ . o o S
U B 5 2 Age and Metamorphlc Hnstory ofathe Metased:ments 7; = AR S
' Ages determmed on: metasedlments mayvrepresent thelr metamorphlc
deposrtlonal or source roc:k ages it r?ay be feasuble to dlstnngunsh between these
| po}snbllltnes and to establush‘p'?elnmmary geologlcal hlstones for the metasedaments .
Geochemlcal and petrographncal studles m conjunctlon with the geochronologlcal StudleSe '

ook

‘ wnll help to estabhsh correlatlon or lack of correlatlon between the three main. .

metasednmentary,unlts, and hence aid in establnshmg the tnmlng and type of movement on =

ca s tbe faults separatlng them
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1-:53Nature of theRocky Mountqm Trench ) A _ o o i,.' g

The geophysncal evudence presented above suggests that the Rocky Mountam
L * Trer{chl’s‘a :nafor geolog:cal boundary CS?'”rél‘atlo'n 6r lacl{ of correlataon of gnelsslc and . -

I ....»- 1.,». -

Se B
Ao v .
FaRY L."' - -

metasedlmehtary umts aeross the Rocky Mountaln Trench W|ll help tovvestabhsh whether T

o not thls i so, and also perhaps to determlne what type of boundary it is:

- e o -

. . S Tl ee e ee e e -y e
B : - . N . . . . L . ST e
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v o

1 5 4 Relatlonshtp between the Gnelsses end the Metasedlments ST A
- The boundary between the Malton Block gn‘etsses andthe Monashee Horsethuef
' ‘Creek Group metasedlments has been descrlbed as metamorphnc by Price and Mount;oy'
,(1970) -and as structural by Ghent et a/ (1977) Svmularly the boundary between the
i '.Mount Blackman Gnelss and surroundlng metasednments has. been descrlbed as
metamorphuc by Gwvanella (1967) and as, unconformable by Oke and Slmony (1981l
L Most of the other' boundarles are belneved to be faults lt m_ay be posslble 10 resolve

some of the problems on the controversual boundanes and estabhsh the type of faultmg ‘
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© 2.2.1 Introduction

;5

2. PETROGRAPHY .. i
21 'Introductio‘n )
s Over 400 samples were collected from the gnelsses and. metasedlments of the
Malton Gnelss Complex Sample Iocahtles and gedgraphical areas are shown in flgure
1 5.- Each sample was examlned in hand specnmen ‘and in_thin sectlom Petrolographlcal

3

descrlptlons of the main rock types exposed in-the Complex are given here SO
. ’ v -

2.2 Mafic-Gneisses
2

Mafio gneiss is the rnost common gneisslc 'roek in, the Compjlex l:>eing eXposed at
pearly every gnersslc‘locahty visitad, both east and west of the Rocky Mountam Trench
and consisting largely of either hornblende gnelss or amphlbollte Maflc gneiss is rare or

) ab/ent however around and to the south east of Mount Albreda, where there |s a large
outerop of felsic augen gnelss and south of Hugh‘n Creek Where most of the |
exposure IS of felsic granitic gneiss.

oo
P

22.2 Maﬂc Gneiss West of the Rocky Mountain Trench .
The hornblende gnelsses west of the Trench are mesacratic to melanocratnc »
sheared biotitized lineated gnelsses with biotite often concentrated on the shear surfaces

(Plate 2.1).. These equigranular gnelsses corisist of 20%- 60% sllghtly sencmzed

- oligoclase, 20%—-50% hornbiende, 10%-30% green biotite and,‘.’l 0% quartz, with

*predominant accessory. sphene, less common epidote and rare apatite, oxide and garnet.

The ‘garnet is often spongy, contain-ing epidote inclusions. - (Plate 2]) . Th:efconoentration
'.o'f biotite on shear planes, the ‘epidoti'zed garnets and theepidote plos sodic pl‘agioclase’
replacement of plagioclase alt suggest at Ieast two stages of metamorpl'usm the flrst
being of middle amphibolite facues and the second of upper greenschrst facues Some
samples from the CN. track at the northern end of 'the Malton Range contaln pale green

cllnopyroxene porphynroblasts suggestlng that locally the flrst metamorphlsm may have

16 o .



fP]atew2.f Photomicrégraph in plané pg}anized light of
‘mafic gneiss {(sample number AC8) from®
the Mgi;on-Range. showing part oféa biotite laminar in a

shear zone traversing an earlier
texture. . '

i

-~

Plate 2.2 A compositenamphibois ;;dyké;awith a garnet
amphibolite centre, intruding Leticocratic Gneiss, north
of Mount Albreda’ : 3 .

S
7

N 4

the C.N, Track, in.

s

mphibole - plagioclase . °
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reached upper amphnbollte facres The amphlbole lineation is associated with the first

pernod of metamorphusm and the shearmg blotltuzatnon and epndotlzatlon is assomated

' W|th the second retrogresuve metamorphlc eplsode The fohatlon |s honzontal or duppmg

T oat small angles to the south.

»pe amphlbolutes west of the Trench contain <80% blotmzed pale green

N:.w..hw. . . -

hornblende <40°/o shghtly sericitized ohgoclase '<30% “réd browh Bidtiteand” ﬁnaﬂ e

grunts o q“artz chiorite and sphene Some amphibolites contain garnets. Plate 2.2

* shows a composlte dyke, -wuth a garnet amphnbohte centre and plate 2.3 shpws the
reaction rims around the garnets This mmeralogy again suggests at least two stages of..
.metamorphism, the amphlbolltes and garnets crystalllznng during the flrst metamorphac \
ep|sode whilst the biotitization, chioritization, epsdohzat_ngnﬁ serlcmzatlon and shearing
o6ccurred during a later eplsode or episodes. The field relations show that most of the
‘amphibolites postdate the hornblende gneisses.

2.2.3 Mafic Gneiss East of the Rocky Mountain Trench

The hornhlende gneisses in the Bulldog Creek and Mount Blackmary areas east of
the Trench have a mineralogy similar to those west of the Trench, excep‘t‘:that.'epidote is
much more abundant, consisting of up to 15% of the rock. Biotite is*less abundant, being
0%-5% of the rock, suggesting less alkaline protoliths for these rocks. In the Mount
Blackman Gneiss, quartz is more common {up to 20% of the rock)"and'oligoclase less
common {down to 15%), suggesting a more silicic protoiith for these rocks.
Retrogressive greenschist facies metamorphism, following amphibolite tacies
metamorphism, is evidenced by the kaolinized plagioclases and chloritized .biotites.A (Piate

2.4).

The amphibolites in the Mount Blackman area are similar to those found to the

~ west of the Trench, but are often garnetiferous.and are also more severely epidotized.-

t .~

They again appear to be younger than the hornblende gneisses, the Iatter-being generally"' .

concordant with the felsic gneisses whilst the former outcrop as discordant’ mafic

N \

sheets. -(Plate 2.5). .



Plate 2.4 . Photbmicrograph.‘undéF'éfésééa'hiédis} 6f'

20

mafic gneiss (sample number 5833). from the BulidongreeK‘

‘area, east of the Rocky Meuntain Trench. Kaolinized .

.plagioclases and'chloritized biotites-attest to the

retrogressive metamorphism of this rock-to Greenschist
fagies. - - e e . S ‘

Plate 2.5. Discordant aﬁphibofité'ehééf;iﬁtrddiﬁg7felsic'

gneisses .in the Mount Blackman areay t ‘of the RocKy
Mountain Trench. v - R S .
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B 23Felstc .én-e’isses

- .‘»"

2 3.1 lntroductlon

There are six main types of felslc gnelss m the Malton Gneuss Complex Three of

them‘ termed Grey Gnelss Leucocratrc Gneuss and 'Augeh Gneuss are exposed o_nly "Lthe

.nq—. .’_0"‘@..9‘6

‘M’alton Block whlch 'ﬁes.io\the west of the Ffocky M'ountam Trench “Three more type’s e

. oceur in each of the three main gneissic areas to the east of the Trench namely the

‘Bulldog Creek area, the Mount Blackman" area and the Hugh Allan Creek area.

o~ . P e Lt e e .'-_'.','.-»'. TR TS PR - . P
. B . G A IS S e e Litom LT -*
- e . e . *
. -~ . . e R e

23ZGreyGnelss oo et . I R

The Grey . Gnenss was so named because of its geochemucal srmllarnty to the Grey

-Gneiss of the North Atlantlc craton (Chamberlam et'al. 1980a) (Plate 2Gl The gnevsses
“are non porphyroblastlc and hneated or foliated. The width of the bandlng varnes from |

v mm to '20°#m, and thé' colour vanes from Inght to- dark grey accord:ng for the B

proportnon of blOtlte Many samples contaln small subhedral to anhedral garnets some
of whrch are hollow -spongy or epndotlzed (Plate 2.7). ThlS is the only v:slble sign- of
retrogressrve metamorphlsm the rocksfin general shownng no evrdence of an unusual _
metamorphlc hlstory noi’? of greatly disturbing metasomatlsm Thelr high potassnum and
low calcuum contents may be. indicative of slight® alka_lli_metasomatlsm, and their occasronat
cataclastic texture evidence of late shearin'g This shegring |s probably related to tau_lt '
movement because itis espec:ally evndent in thosg Gr ey .Gneisses IOUtcrop‘ping along -
Hughway 5, Wthh follows the line-of a. major fauima North‘ThomPson Fault. - The ‘
gnelsses here are freéuently cataclastlc contamlng deformed plagloc;lases -granulated -

quartz and bent blotltes as well as much epidote and muscovute “The type locallty for

: the Grey Gneass of the Malton Gnerss Complex occurs 9 km. up the CN. Track on Mount

Thompson at the northern end of the. Malton Range, where the gnelsses are generally

O

‘ concordant with the hornblende gnelsses outcroppmg in the same localsty drpplng at |ow

angles to the south. E

K]

The mineralogy of the Grey Gneiss is albite-oligoclase (20%-50%), microcline (or

occasionally orthoclase rnicroperthite) lO%-r30%), quarta (1-0%730‘%), biotite (5%~ 15%),

garnet (< 1'5%) and epidote (<B%}, together with'much sphen_e,’ occasional apatite, allanite,

»

‘.
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Plate 2.7’ Photom1crograph in planefpo%ar1zed.11ght of
Grey-Gneiss .(sample number 5498), from the type loca]xty

on the C.N. Track, show1ng a spongy garnet porphyroblast
w1th an’ epldote core o

e LR
. X .

- F e

L

P]ate Photomlcrograph in’ p]ane polar1zed 11ght of

‘ xLeucocrat Gneiss. (sample number “6152F); from a corrie
" north of Mount Albreda, “showing .the. very. dark green"
pleochro1c co]our of the amph1boles. . ”

) .
o L
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- -3 leucocratlc to mesocratlc tonallt.tc gnelsses e

2 3 3 Leucocratu: Gnerss O ' L

oxude and zlrcon .and rare deep green hornblende Hence these gnelsses are c:lassnfxed

iy

The Leucocratlc Gnelss is a llneated to well folnated Ieucocratnc to hololeucocratnc

gnelss often sheared or granulated lt outcrops in the/ Malton Block as gramtlc sheets or

‘ mmor mtrusnves lnto the maflc gnelsses and the Grey Gnelss Its mmeralogy IS that of a

muldly peralkalme gramte gherss Quartz plagloclase nd"K felds ar occur ln about equal
P

" e .

S .,proportlons {up to 30% each) The plagioclase is norfnally ollgoclase but is sometlmes

.‘.,..v.".n..

albute The K-feldspar rs almost*alWays microuiing, but. occa‘slona[ly orthoclase Bnotlte is .

<10% and is frequently chlorltlzed Amphlbole when present is of a distinctive deep

green -colour, verging oh opaque, (plate 2. 8) suggestmg that it ls ruebeckntlc and hence that

‘.

the rock is mnldly peralkahne Eprdote is.rare,-.and may be replacing" amphlbole and. allanlte .t
in a retrogressuve metamorphlc eplsode Sphene is the most common of the '

accessorles but apatlte zurcon oxlde rutlle tourmalme and garnet are frequently present

o and secondary muscovnte and calc:te occas:onally 0. Field relatlonshlps show that the

Leucocratlc Gnelss is one of - thexyoungest in the Complex At cross cuts. the Grey: Gnen-Ss{

"v"the hornblende gneiss (plate 2.9) and .the Augen Gnelss lplatef 2 10) but is ltself cut by

| younger amphtbolltes (Plate 2:11).

£ <

234 Augen Gneiss '

The Augen Gneiss outcrops around and southeast of Mount Albreda. It has a

mlneralogy ‘similar to that.of the Leucocratlc Gneuss but-the texture is'more |rregular and "

the K- feldspar tends to occw n augen Rlebeckltuc amphlbole is. absent and magnetlte

_Epldote and chlorlte gwe ewdence of later retrogressuve metamorphlsm

and garnet are much more common in this rock type than in the Leucocratlc Gneiss, bemg L
almost ublqultous The presence of mlcroperthlte may be ewdence of the meta—lgneous
character of. this gnenss whnlst the secondary feldspar overgrowths (plate 2. 12l together
with the lineated augen (plate 2 13)‘ prowde ewdence of its polymetamorphnc character o

)

=



e E]ate 2v9 Sheets of Leucocratic Gne1ss intruding“ e
—hornblende gne;sses, near,Mcunt Jh@mpsoﬁ 1n~the ?v;“‘ﬁf.' o
'Malton Range g : _ = .

2
[}
A

ey

,hPlate 2 10 Sheet of Leucocrat1c Gne1ss 1ntrud1ng
.. Augen” Gneiss, near the. head of Clem1na Creek in- the
.Monashee Mounta1ns., ' : : o

Tw,

.
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Plate 2, 11 fEarly Leuf' B ic Gne1ss 1ntruded by
later Leucocrathmﬁnggss, and&then by a mafwc dyke, .
. north of Mount Albreda SR ) ,;'

..'

Photomwcrograph unger crossed n1cols of Augen
showing evidence of. two_

Microperthite and.-plagioclase form over-
growths on an original metamorphlc texture. S

'Piate 2 12
Gneiss (sample number 5901N),

metamorphisms.:

Sl
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;3 3 5 Felsnc Gnelss from the Bulidog Creek Area . e e \
The felsic gne:sses from thé Bulldog Creek area are quartz dnorltes havmg modal
quartz.- olugoclase blot«te (hornblende) and sphene The rocks are frequently cataclastlc
or granulated mdvcatmg post metamorphuc shearlng and the presence of blotlte on
these shear planes md;c:ates that the shearmg took place at relatively high temperatures
'Epndote (sometumes replacmg allanite (plate 2:14)), clinozoisite, chlor:te and muscowte are
|nd|catorsof a later retrogresslve m_et_a_morphlc event, Oxldes and caicite are also '

.. occasionally present. - ' P | T

P4 -

2.3.6 Felsic Gnelss from the Mount Blackman Area
| ~ The felsm gneusses from Mount Blaokman north of Hugh Allan Creek, are
granulated muscovmc quartznes The texture of the grains, the preponderance of

‘muscowte and the virtual absence of. ierromagnesnan minerals suggest that they are o

. paragnelsses (Plate 2 15). Both plagnoclase and mtcroclme occasionally form”

porphyroblasts up to about 5 mm long The K- feldspar is mlcroclme (sometlmes

' mlcroperthmc) and the plagioclase cligoclase (frequently sodic). 5%-10% bIOtlte is
sometlmes present but hornblende and garnet are absent Thus the: metamorphic grade
of these gneisses appears to be lower amphlbollte facnes Apatite is the'most common
of the agqes,sories, b‘ut_,s‘phene,: oxides and zircon‘also occu_r. Epidote, chiorite ‘and-
calcite are rare, because of the pri_mary petrology of the rocks, but their ocoaslonal

-

presence suggests later retrogressive metamorphism in this area.
' 2 3.7 Felsnc Gnelsses from the Hugh Allan Creek Area ) '

' The felsic gnelsses from the Hugh Allan Creek Gnenss south of Hugh Allan Creek
are gramtnc gnelsses, with a high quar,tz contert. Their mode is quartz 40%, microcline
(often microper‘th_iticl 20%, sodic oligoclase 20%, biotite:. '10%, chiorite 5%, sphene .5%
with accessory oxide's. Garnet is sometimes 'pre's'en't and'i.s usually altered to epidote,

- again 'suggest!ng_ at least tWo periods of vme'tamorphism.
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Plate 2.14 Photomicrograph in glane polarized light of
Bulldog Creek Gneiss (sample nurber 5831C), showing
epidote replacement of allanitel - L .

©

Yoo ESln ' TR T : .
Plate 2.15 Photomicrograph under crossed nicols of

Mount Blackman paragneiss (sample number 5890B),showing
deformed muscovite and the gritty texture typical of a -

metasediment. o -
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' 2.4’'Metasediments

-

2.4.1 Introduction ’ . ’ ) . C

Matasedimentary formations surround the gneisses of the Malton Gneiss:
Complex;~the boundaries between gneiss and metasediment being almost always fauited.

Kaza Group metasediments lie to the southwest of the gneiss complex. Miette Grot
N P '

metasediments to the northeast, and Monashee Horsethief Cr'-eek‘Gr'oup metasediments ,
to the south. Outiiers of metasedlmentary rock lie on top of the gnelsses over the
northern part of the Malton Block for example near Robina Creek whereas at the.
southern end of the Malton Block metasediments are lnfolded with the gneiss.
'2 4.2 Metasedlments from the Kaza Group ‘

Metasedlments from the garnet and the kyanlte staurollte zones of the Kaza
Group are faulted agalnst the western margin of the Maitgn Gnelss Block and msst
samples show a granular or. éataclastnc texture The most common rock type is a pelite,
with a mineralogy of biotite, epidote, quartz, ohgoclas_e,l-garnet and sphene. The
psammitic layers contain >40% quartz, ,<40% oli.goolase, 15% biotite, 5% muscovite, 5%
garnet (or ky-anite) plus accessory apatite and oxides! the latter sometimes 'occurrh‘g in
heavy mineral layers Deep brown tourmaline is fairly common, but sphene and zircon
are rare. The primary mmeralogy lS typrcal of middle amphnbohte facies, but the rocks
have also suffered retrogressuon Evndence of later retrograde metamorphlsm is shown
by chioritized biotites, spongy partially chloritized or resorbed garnets and sericitized ,

-

aligoclase. A band of calc-silicate in the Kaza Group, containing andesine (An,,) and,

.

‘;udomorphs after actinolite, outcrops on Highway 5, ] 1 km. south of
. A -

2.4 3 Meﬁsedlments from the Robma Creek Area’ .
" Metasediments in the Robina Creek area overlie the gnensses of the Mafton Block

(plate 2.16), the contact being @ 1 cm thick slide zone of 100% micaceous rock. The

thrust plane dips south west at approximately 20°, and the foliation of the underlying

Malton Gneiss is about 3Q0° to the south east. The contact can be traced down the south



Plate 2.16 Robina Creeyf metasediments thrust over Malton
Gneiss, at the head of TYemina Creek. The contact is near..

them head of the hammer. , !




i 2.4.4 Metasediments from the Miette Group

.32

wall 6f Robina Creek. (Piate 2.17). Below the slide zone, the gneiss. is pﬁlverized and
consists of aboyt 100 m of mylonitized quartzite, mylonitized muscovitic quartziteband
mylonitized 'gréy;‘b‘x”otite gneiss. In places, there are lenses of staurolite schist within the
gneiss. Tpé met'asediments above the ‘éli&e zone consist of 20 m of ‘bio'tit'e\ schist

containing quartz and gneiss lenses, which may have been a conglomerate, overlain by

10 m of garnetiferous muscovite schist and at least 20 m of staurolite garnet schist.

3

Metaéediments from the garnet and the kyanite—staurolite zoﬁes of the Middle
and Upper I\P/Iiette Groups are faulted against the east side of the Rocky Mountain Trench.
These metasediments are extremely immature, containing pebbles of feldspar. .(Plate
4.18). The mineralogy of the psammites 1s .very./ close to that of a granite, since quartz,
K-feldspar and otigo&lase are present in about equal amounts, together with abput 10%
biotite and with minor‘ secondary muscavite, sericite, epidote and chlorite. The pelites
and semi—pelites contain much oligociase, oftén quite coarse grained, but little or no
K-feldspar. Green-brown biotite, muscovite and quartz are also pré'sent, tdge;thér with
garnet or ky‘ani_fe, tourmaline, rutile, zircon, sphene', epidote, calcite anc] prirr;ary and
secondary chlorite. Apatite and oxide are rare. Retrogressive metamorphism is again
evident from the spor'\vgy chloritized garnets: Post—metamorphic shearing and folding h;$
occurred, chloritizing the muscovite flakes and bending them into spectacular isoclinal

folds, as well as granulating many of ‘the other minerals.

2.4.5 Metasediments from the Monashee Horsethief Cr:‘eek Group

The Monashee Horsethief Creek Group metasedimehts are thrust over and
infolded with the gneissés of the Malton Gneiss-Compiex along the southern boundary of
the Malton Block. (Plates 2.19 and 2.20). These metasediménts are e>'etrem.ely rich in.iron
(pelites average 13% Fe,0,) and typically have a rusty appearance when weathered. Plate
221). The 6rigina| sediménts appear to have been fairly immature sandstones an.d shales
with many turbidite sequences. (Plate 2.22). In the Mount Lempriere area ifhmediately N
south of the Malton Block, the 'me:tésediments have reached kyani:e grade, and the

polymetamorphic nature of the rocks is shown by their later chioritization.



Plate 2. 17 The sl1de zone between the Ma]ton Gne1ss and
the Robina Creek metasediments exposed on the south wall’
of Robwna Creek.

Plate 2.18 Photom1crograph under crossed nicols of Miette
Group metasediment (sample number AC20), show1ng pebbles
of feldspar. '

-
.
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: measurement and concentratqon varlatlons Wthh are greater between samples °

3. GEOCHEMISTRY OF THE GNEISSES - -~~~

3.1 lntroductlon

) The purpose of the geochemlcal study was to duvude the gnelssnc complex mto its

v separate components and to establush so far as is possxble the ldentlty and’

petr-ogene5|s.of the precursors of e,ach suite. - The fulflllment of_ these ob_jectwes is
hampered byﬁ-vthe extent to which the rocks concerned'have been in open chemlcal:
systems and by the lack of. certamty concernung the chemical evolutlon of the crust. and
mantle and concernung Precambrlan pre — plate tectonic |gneous rock genesus v ’
The use of trace elements to eluc:date the petrogenesrs of rocks to estlmate ‘the

original composltlon of altered rocks, and-also, in several. mstances to ldentlfy the .

' tectomc settlngs of altered volcanic rogks (by the- oompansbn of trace element

composmon of altered rocks with that of unaltered rocks) has been. apphed successfully v
by geocherr\rsts in recent years to rocks of all ages and- from all parts of the world

(Hallberg and Wllluams 1972 Bloxham and Lewus 1972 Blckle and lebet 1972

| Cosgrove 1972 Pearce and Cann 1973 Lambert and Holland 1974 Wmchester and

Floyd, 1976, Weaver. et a/.,' ~198-l,.W|nchester_ et al. 198 T).@ Pearce and Cann defmed_;‘--

the characteristics ideally require‘d in an el’ement {or combinati-on‘ of elements) to be used

- in |denufy|ng magma types. These lncluded msensltnvnty to sec,ondary processes ‘ease of

dufferent magmatlc types than between samples of the same magmatlc type. The _

' ~jelements found to best fulflll these condltions were I Zr =f Nb, Cr and Nl (Cann 1970

?’Pearce and Cann 1973, Fleld and Elllot 1974) L v

Thus, the problems of Open system behavuour in the Malton Gnelss Complex

: should be Iargely overcome by studylngsthe supposedly immobile elements Ti, Zr Nb and

Y to ldentnfy possnble gnelss:c precursors by studying the ratios of these lmmobale

'elements for example Nb/Y to characterlze rock su:tes and by studylng the ratlo of -

specnflc }race elements to the ma Jor elements for w’hlch they commonly substltute Y Ca ‘;.
for exaﬁ\ple to |dentlfy fractlonatlon trends ~AFM plots are also used to ‘show
fractlonatlon trends, SlO hustograms to provrde basic generallzatlons about the overall
geoéhemlstry and factor analysis to show the overall varlatlon and to provude labels for .

o
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the varlous lelSiOl'\S s

: Geochemlcal duagrams s‘ own in Chamberlaln et a/ (1980b) are not repeated here

unless they show som. especually |mportant feature Those not repeated include

Srv Rb K v Rb Sr vB& K v Ba Yv Fe 0 /(F&Q,,; MgO) and SIO, v (Na,O #. K :0). . Plots

~ which showed nothlng of s:gnlflcance lnclude K v Sr, Y v Zr and Q-Ab- Or

-

o

3 1.1 Sample Collectlon ar}d Analysns

ST

.

The complex was duvrded mto five geographlcal areas and collectnons were made

from each area to & total of nearly 250 samples Suutable collectlon »sutes were severely'
llmuted by the vegetatlon and topography since the Iower slopes are covered by glacnal

debrls and dense forest, and the upper slopes contaln much weathered materlal and are

dlfflcult of access conslstmg of sheer vertlcal chffs in many places Creeks tended to

be elther sheer saded or full of alluvnum The few road cuts in‘the area prov:ded good .

samples but.the ma;orlty of sultable locatlons were unaccesslble by road and. were

sampled by foot, helicopter, boat or Skl At each’ locatnon samples were selected as ;

ob jectnvely as posslble to form a representatlve suite.”

The flve geographucal areas are thw Track the Malton Range and the

Monashee Mountauns areas to the west of the Rocky Mountam Trench and the Bulldog

Creek and Mount Blackman areas to the east of the Rocky Mountam Trench Sample

o

localltles and geographlc areas are shown on flgure 3.1
]

" The CN. Track, at the northern end of the. Malton Range was extensuvely sampled

and a representatlve suite of about 50 rocks collected In the Malton Range- area, whlch

A extends south from Canoe Rlver as far as Clemlna and which lncludes aII parts of the

Malton Range except the. C. N %ck vucmlty about 40 samples were collected from 10

' dlfferent locatlons In the Monashee Mountalns area, extendmg south from Clemlna to

—

Lemprlere and mclud:ng only the extreme northern part of the Mon,ashee Mountaln 5
Range about 80 samples were oollected from 11 locatlons To the east of the Rocky
Mountam Trench a small collectlon of about 15 rocks was; made .in the falrly maccé’ssnble

Bulldog Creek ‘area, taken mostly from around the mouth of the creek A collectnon of
i

about 60. rooks was made |n the Mount Blackman area taken from four locatlons tothe -

. north of Hugh Allan Creek and one to the south.

et
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The samples were analysed by Dr J G Holland at Durham University, England

us.lng aPW 1212 X ray spectrometer Eleven major elements and between nnne and

R 4

fourteen trace’ elements (Ba Nb, Zr Y Sr Rb: Zn, Cu and Ni = Ce, La, Co Cr V Sc and Ll)v '

o were determmed usmg both lnternatlonal lFlanagan 1973) and a set of specnally cast -

_‘glas,s l_Brown et al., 1970l, star,ﬂ,lards. »_Analyses are glven in Appendu; A. :

3.2 Geochemlstry of the leferent Sub Units of the Malton Gnelss '
o ln Chamberlann et-al. (1980al and (1980b), it was shown that-the gneissic. rocks of
the Malton Gnevss Complex are largely meta lgneous Those to the west of the Rocky
1M0unta|n Trench were subd:vuded lnto four types characterlsed by thplr petrology and
' A Y/Nb ratnos Further study o more. samples has shown that these rocks appear to be a
' composute of several umts wnth dlfferent tectonomagmatlc hustorves The overall’

) petrogenesus is that of a blmod'al su:te or surtes cut by lat’er mtruswes ln detall ut

‘ appears that the bumodal sultes may well be composed of two unrelated parts locally

. lntruded by unrelated later melts B
Fugure 3. 2 shows sllnca hlstograms for the rocks analysed from each area Each
: .hl,stogram except that for * Bulldog Creek area shows a Qaly g8p at: approxlmate'ly
53% - 58% silica (Daly 1925) Yoder (1973) suggested that such blmodal suutes are
.formed by fractlonal meltmg The later granmc mtrusuons in the. C.N. Track, ‘Malton Range
' 'and Monashee Mountalns areas show up on these hlstograms at the 70% = 80% s:lnca

content. level

°

- The drscussnon whlch follows is dnvnded by rock type, so that the petrogenetlc

. and geographlc dlstmctlons can be consldered slmultaneously

< PRI

3.3 Mafic Gnelsses LT

The average analyses of mafnc gnelsses from each of the five geographlcal areas
are shown in table 3.1, together with an average DSDP 37 tholeute Nockolds (1954) \
average tholeutuc basalt and Goqdwih- and Smith's { 1980) averages for Abmbl tholeute and
calc-alkaline andesnte The ngneous precursors of the mafic gnelsses of the. Malton
Gnelss Complex appear by their silica. content and by 20% > CaO + MgO > 12% (Pearce

a L
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and Canh, 1973) to havé been basalts.

The maflc gnensses to the west of thp Rocky Mountaln Trench in the CN. Track:
Malton Range and Monashee Mountains areas, dr:ave most major elements similar to
Goodwm and Smith's (1980) a.verag_e{ Abitibi tholeute, but K,0 ),.Pa0s. and many. trace
. elements, including Ba, Zr and Sr are distinctly high, suggesting that the igneous  ~
pr'ecursors of theserocks were formed from alkali olivine basalt magmas, formed by
olivine and/vor pyroxene'/ fractionation (Cu, Nl and Cr low). However, the individual
analy_ses of these mafic gneisses show cons‘lderable scatter about the mean {tables 1, 5
+ . -and 9v in appendix A), ‘suggesting‘that-.‘more than‘.one mafic suite.is present;. or that a L
* redistribution of thevelements has occurred; or that the rocks originated as c'.umulates. :
. The more,mobile slements, K,O, Ba and. Sr, may have moved into these rocks since their
formation,“but there is no evidence in the rocks themselves to suggest that they have
suffered partsal meltmg or large scale mafrc intrusion, which ml'ght %obnhze Tl and Zr.

‘ The mafuc gnelsses to the east of the Trench, especnally in- the Mount Blackman. .
area, show greater slmvlarlty to the average Abitibi tholeute K,O. P,0;. Ba Zr and Sr all
being lower than 'lh thOSe gnelsses to the west of the Trench suggesting that the’ lgneous
precursors to the Mount Blackman- mafic gneisses may have been tholentlc basalts N
However K, O is high, and Ca0 low compared with Nockolds normal tholeiitic basalt and .
‘thh the average DSDP 37 tholeute indicating that there may have been some exchange
of pb&gjrum and calcaum perhaps durrng e bictitization of the amphiboles. '

In‘fléure 3 3, the mafic gneisses from each of the five geographlcal areas are
plotted on:an;AFM duagram (after Irvine and Baragar, 1971) Most of the samples from
the east of the Trench (Bulldog Creek and Nlount Blackman) appear to be more tholeutnc

5 t%hose to the west, but.the dlagram lacks sensitivity due to the consnderable scatter,

prgoably caused by mobility of the alkaiis. 5.
Q"\ : % The petrogenesus of the mafic smtes can be more accurately determmed using the
e |mmob|le trace elements Winchester and Floyd (1976) have shOWn that Nb : Y ratios can
k.

“be used to dlstmgmsh altered and-metamorphosed alkaline rocks from tholeiiti¢ rocks,
a.

prowded that SnO, < 60%, the alkalihe rocks havnng Nb/Y > 0. 66’ and the tholeiitic rocks
having Nb/Y < 066 Flgure 3.4 shows that the majorlty of the maflc gnelsses west of

'fhe Trench have Nb:iY ratnos characterlstnc of alkaline rocks, whereas most of those to
) -
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the east of the Trench have Nb : Y ratios characterlstnc: of tholeiitic rocks

. Pearce.and Cann (1973) have used Zr — Ti/100 - 3Y and Tiv Zr plots for altered
samples to discriminate between basalts from dufferent tectonlc settmgs, the

Zr - Ti/ 100 - 3Y plot being used first, to ldentlfy the wnthm plate ‘basalts (oceanic istand
basalts and continental basalts), and the T| v Zr plot belng used subsaquently to
discriminate between calc-alkali basalts, low potassium tholeiites anyd ocean fioor basalts.
Figures 3.5 and 3.6 show the mafic gn”'elsses of the Malton Gneiss Complex;plotteo"on
these diaéram,s, but the plots are somewhat inconcluaive, Figure 3.5 seems to indicate
that most of the mafic gneisses west of the Trench were derived from calc-alkaline
.basalts, but most of these same gneisses plot well outside the calc—alkaline'basalt'field
on figure 3.6: The mafic gneisses to the east of the Trench piot in calc—alkaline basalt or
ocean floor basalt or low K tholeute fields in flgure 3.5 and both wnthm and without the
ocean floor basalt field an figure 3.6, Hence these dlagrams appear not to work for
these rocks. Little is known for certain abodt magma genesis during the Archean, but it |
is possible that plate tectonics was not established af tlwe time that tlwese rocks were
formed.. Alkali basalts are rare.in the Archean, but not tl;rﬁknown: the Abitibi Greenstoqes
have a small volume of tr‘ac‘hyte, the Pitsburgh gneisses include some alkali Abasalts and
the lowermost member of each sequence in the Talga Talga Supergroup of Pilbara are
alkali basaits. Alternatively, these mafic rocks may be cumulates of alkaline gabbro
affinity, the scatter of peints on fl{tgL;‘re 3.6 being conS|stent with this suggestion: the Ti
and Zr contents of lavas are usually more uniform, and since Ti and Zr are extremely
immobile, the scatter is unlikely to be due to remobilization.

Fractionation trends also may be deduced from figure 3.6, which shows that th,e' |
mafic gneisses to the west of the Trench are very ri¢h in Zr, and have low Ti: Zr ratios,
possibly indicating original formation irwvolvlng subordinate magrietite and/or hornblende C
fractionatlon (Lambert.et a/., 1874; Drury, 1983, figure 6) although hornblende
fractionation is considered an unlikely petrogenesis for maflc rocks (Weaver et a/.,

1981). These{gnelsses also have high Ti contents, w_l:lch, pled with thenr high Zr
contents may be an indication of garnét fractionation, with high temperatore, high PH,0 )

conditions of formation (Lambert et a/., 1974). However, Y contents are high,

20-60 ppm in all these mafic suites, compared with 20-25 ppm Y in standard modern
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Figre 3.5 2r—T1/100-3Y trisngular diagras for the aaflc gnelsses of -the
Malton Gneiss Complex. (CAB = calc-alkali basalts; - LKT = lov potassiua
tholelites; OFB = ocesn floor basalts; WPB = within-plate basaltsd
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calc-alkali rocks (Lambert and Holland, 1874) and in pyroxenes from modern volcanic
suites.(pyroxene Y contents = basalt Y contents) (Ewart and H’ayior, 1969). These high Y
values appear to tule out any possibility of hornblende or garnet fractionation -dur,i'jg
formation. |n figure 3.6, there is some indication of'e, positive Ti:zZr correlation i'n these
J’naf:c gne»sses to the west of the Trench, suggestmg,pr:gmal petrogenesrs by
. cimopyroxene or‘hopyroxene fractionation (Weaver et al., 1981)

Of the gneusses to the east of the Trench, the Mount Blackman mafic sunte {and to

a lesser extent the Bulldog Creek maﬁc suite) show a pronounced Ti: 2r posntlve

/ correlation, typlcal of tholentes and characternstlc of rocks produced by chnopyroxene

oeor orthopyroxene fract|onat|on
- Further ev:dence on the petrogenesus and fractionation trends of these rocks can .
be gained from fng@ 7, which shows a CaO v Y plot of the mafic gneusses together
with Lambert and Holland's (1974) standard calcralkali trend and the dtrectlons of hqund
movement resultlng from the crystalllzatlon of the minerals, mdncated Mafic gnetsses
from all areas west of the Rocky Mountaln Trench tend to define: ﬁgh Y, L-type trend
Wthh normally nndncates an alkaline or peralkaline character, resultnng from Iabradorute +
clmopyroxene fractuonat»on (Lambert and Holland, 1974). The Mount Biackman maﬂc ‘
gnelsses have a somewhat scattered distr{bution, one sample plotting on the calc—alkali

trend and: two plottmg near the Monas Mountains extreme L-type rocks but the

majority appear to show an olivine or orthopyroxene + plagioclase fractnonatvon trend.

" Hence the maftt: gnelsses to the west of the Rocky Mountain Trench appear to be
orthogneusses of alkal: Basaltoc parentage, the |gneous precursors havmg formed by
chnopyroxene plus Iabradorite fractionation together with subsidiary magnetite
~ fractionation. The mafnc gneisses to. the east of the Trench appear to be orthogneis_ses :
of tholeiitic_basaltic parentage, the Mount Blackman sUite having trace element contents

consistent with formation by olivine or orthopyroxene + plaigioclase fractionation.

y .
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3.4 Felsic Gneisses o - - - ’

3.4.l"lntr-oducti'on' ‘ . ‘ ,

_ Average analyses of major and trace elements of the felsic. gnelsses of the v
Malton Gnelss Complex are s lown in tables 32,33 and 3 4, the lndlwdual analyses belng
A glven in Appendlx A Chamberlaln et al. (1980b) have shown that the majorlty of these
gneisses are meta igneous, and thlS has been confirmed hy applyung dlscrlmlnant analysns. ‘
The discriminant fUnctlon used.was that found by Shaw (1972) to be the most suitable
for gnelsses of a this average geochemlcal composutlon and petrology These
dlscrlmmant functuons are. shown in the tables in Appendix A a value greater than zero
being character.lstlc of »gneocs parentage and a value less than zero- characterlstlc of
sedimentary parent'age.' . R
o S o N
'3.4.2 Felsic Gnelsses West of the Rocky Mountam Trench : _

The felsic gneisses of the Malton Block can be' subdlwded on the basis of their E
1f|el relatlons petrography geochemlstry and Y/Nb ratnos into three dlstmct types a low
_smca tonalitic Grey. Gnelss which is broadly structurally concordant wrth the rnaflc 7.
gnelsses, and which has a characterlstnc Y:Nb ratio of 2; a high silica, mlldly peralkaline
granitic Leucocratic Gneiss, with Y : Nb ratios of 0:3 to 1. 5, which occurs'as intrusive |
sheets; and an intrusive Augen ers with Y : Nb ratios rangmg from 0. 3\‘to 38, whlch

forms major outcrops in the Mount Albreda area

3.4.3 Grey Gneiss o _. s

The Grey Gnelss(es oflthe Malton Gnelss Complex have been shown by
Chamberlaln et al. (1980a) to be geochemlcally slmular to the Grey Gnelss of the North
, Atlantlc Craton Table 3.2 shows that their composntlon is close to that of a tonallte but
that they appear to have 5uffered slight calcium loss and potassium galn ln)flgure 3. 8
the Grey Gneisses appear to be more K rich than standard tonalites. This may be due to |
changes inNa:Kor Ca: K raths duilng metasomatlsm or to the high biotite content of

these rocks. ' i \
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Table 3 -2 Major element analyses of the Gney

Gneisses of the Malton Gneiss Complex compared , : AR R
‘w1th those of lgneous rocks . o \ e
1 2 . 3 4 B 6
. n 9 - 10 14 33 o
. Si02 . 68.65 70.55 .67 03 68.54 "B6. 15: 69.15.
© A1203  14.57 14,38 ' 14.09, 14.31 15. 56 14.63 .
' Fe203 “4.77 3.35 " 5.10.:.4.48 5.16  3.74 7
“Mg0  1.20 1.34 ~2.05 " 1.60. 1,94 0.99
Ca0" 2.77. 2.55 - 3.12 2.85 4,65 2.45
Na20 3.72° 3.62 ~ 3.54 " 3.61 3.90 3.35.
K20 4.3t 3.60 . 4.20 4.05 1.42 4.58
Ti02 0.58 0.43 - 0.6t 0.55.- 0.62 0.54 °
MnO 0.07-- 0.05 0.09 0.07° 0.08 0.06
S ' 0.02 0.01. 0.03 B P
P205 | 01.15. 0.12 0.189 ~ . . -.0.21 0.20

KEY ~ 1=C.N. track . 2zMalton Range  3=Monashee M§? '
4=Mean .Grey Gneiss (Malton Bloek) -

5=Average tonalite (Nockolds, 1954)

6= Average adamellite (Nockolds 1854),

S
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: Table 3 4 Mean analyses of fe1s1c gnelsses of The =
- Malton Gneiss Complex. .
o ~w1 . 2 3 -4 ‘5 . B T
.n 33 - 41 43:. 9 8 - 40 3
Si02 . 68.54 69.55 71.30 70.90 £3.88 71.39 72.40
- . A1203 14.31 .14.58.  13.62 '13.91 15.58 14.76 13.96 "
Fe203. 4.48 4.27. '3.99 4.19 6.50 ©.53 3.71
Mg~ - t.60 -0.57 . 0.83 0.71 - 2.83.  1.06 0.07
. Ca0  2.85" -1.46 1.61 1.44 © 3.41 1.82 1.01
- Na20:.: - 3.61  4.90 3.94  .3.T71 3.65. 4.21 - 3.58
K20 4.05 4.42 4.14 4,55 3.02 3.89  5.16
'Ti02 -0.55 0.45 -0.41  0.49 0.78. 0.33 -0.28"
M0 0;07v 0.12 0.07 0.08 . 0.08{*@0.06; 0.07
TS 0:02——0-02—0:02—— 002007 0:04 — 0-0°
' .'P205 - 0.16  0.10--..0..11..-0.10 ~ 0.14 '0'05 0.00. -
" Ce L . 7':#.166(n= 1262  63(n=2)96{(n= 15)33
- La I:, L v '89(n=9 )140 ,30(n=2)55(n=15}1
- . Ba’ 1140 . 649+« 647 . ‘647 1307 993 L
CNb 1T 12270 80’- BB 23 10 108 o
A 209 473 - 422 386 . 270 180f gy
Y .37 57 7 - 3663-' 26 - 12 W
Sr . 309 1. 149 . 134 493 - 27F -7 : Lo
Rb 123 -~ -84 436 - 130 - 96 123 - 132 B
Zn 61 ‘ : 4 _52'=:_-67 36J_-:‘80', BT
NP 16 1 coT& 11 20-r~ 11 2 - -
. Co . o 46(n=2) ..o - o
Cr : 40 20(n32)11 29(n=4)28 T f

KEY 1= Mean Grey Gneiss fkﬂeiéjijgh\Nb eUCbcﬁéfié'Gn iss
~3zMean Low Nb. Leucocratic eiss >Mean Augen Gn®iss
: ‘5=Mean. Bulldog.Creek felsic gneiss o .

Rl 6 Mean Mount BTackman felsic’ gneiss
7 Hugh Allan Creek fe131c gne1ss
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Onan AFM plot (figure 3.9), these grlelsses appear to show a calc—alkaline trend
vbut this may simply be an apparent trend due to the remoblllzatlon of alkalis. On a
CaO vY plot (ﬁgure 3 lQ) an approxumately equal number ‘of points |le oh each slde'of
the standard calc—alkallne trend of Lambert and Holland {1974), but none appear to |l6 on
. the trend of the maflc gnelsses Thus desplte the assoclatlon and broad structural
’ conformlty of the mafic and Grey gnelsses west of the Trench they appear not to be

cogenetlc the former ‘possibly havmg alkall lgneous precursors ‘and the latter havmg

calc alkaline. lgneous parents.

— i

/

3.4.4 Leuco'cratic Gneiss and Augen Gneiss
Table 3. 3 gives average analyses for the Leucocratlc Gnelsses Wthh outcrop
only west of the Rocky Mountam Trench together with average analyses of East
icelandic rhyolltes (Wood 1978), Skye eplgramtes (Thompson 1969l and Nockolds
(1954) calc- alkafi, alkalu and peralkalu granltes The Leueocratnc Gnelsses can be
subdivided. on the basis of thelr Y : Nb rataos into high nlobnum (Y/Nb 0.5) and low _
niobium (Y/Nb = 1) types (Chamberlain et al., 1980b), but there appears to be no essentlal T

dlfference between these two types other than their nloblum and yttrium contents

The Augen Gneiss average analysis is given in table 3.4 and individual analyses in . '

Appendix A. From table 3. 4, it can be seen that the Augen Gnerss is very similar to the
" low niobium Leucocratic Gneiss, and flgures 3.11, 3.12 and 3.13 show its similarity to
the Leucocratic Gneisses in. general As far as can be determined from the geochemlcal
data, they appear to be members of the same suite.of mildly. peralkalnne granltes
_ The mul-dly peralkalme character is suggested for the Lg.ucp.cratnc,and Augen

Gneisses by their high sodium and iron contents (tables 3.3 and 3.4), together yvit'h their
tr'ace 'element contents, Y, Nb and Zr being comparatively high while Ba, Sr, Ni, Co and Cr
are comparatively low (Noble and Haffty, 1969). This peralkaline- ch'aracter is further
demonstrated by their comparatively high Ab vaiues on an Ab-An~-Or plot {figure 3.11),
and by the’ presence of relbeckltlc amphibole in the Leucocratic Gneiss. (Chapter 2). .

On an AFM dlagram (flgure 3 12), these gnelsses show an alkaline lor pos5|bly a
thole_lntnc) trend (irvine and ?anagar, 1971); an_d onigao v Y piot (figure 3.13), the Y rich

samples, including many of the felsic gneisses of the Malton Range, demonstrate a

\
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Flgure 3.10 Ca0 v Y plot for the Gréy Gneiss and the mafic gnelssés
- of the Malton Block, showing Lanbert- and Holland's (1974) standﬂ‘d
calc-alkaline trend,
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marked L—type,elkaline 'trend, yvhereas others show a ¢ alkalne character (Lambert -
and Holland, 1974). The large spread on the CaO v Y m an indication of =
secondary effects or of a suite formed by the mixing of alkaline and calc-alkaline meits.
The alkaline members could be partial melts of the alkalune mafic gnelsses west of the
Trench, which are also plotted on figure 3.13. The calc—-alkaline members may be
remelted Grey Gneiss, the strontium isotope evidence lending some support to this
possibility. (See Chapter 5)

On the other hand, these “Gnei chemically yery similar to

‘Skye (Thompson, 1969). Wood \1978) haséescnbed the Icelandlc rhyQtit€s as being

produced by fractional crystallizatibn of light REE. enrnched basalits. Dickin (11’98'1)_,"by""
studying Pb, Sr and Nd isotopes, h pro ided evidence for the formation of. the Skye"
granites by fractlonal crystalllzatuon of an original tholeiite, with mirior selective addmon
of fus:ble crustal material. Hence, it is possnble that these mildly peralkallne gramtes of
the Mélto;\ Gnenss Complex were produced by the fractuonal crystalhzatnon of a hght

d thd]eutnc basalt, ‘withr some addmon of fusible crustal materual especlally
tash, -poss:bly durmg a period of continental rnf’nng. In this case, the AFM plot could "
be mterpreted as a tholeiitic trend, and the spread in- the CaO v Y plot as due to ’

hornblende plus plagloclase fractnonatuon

3.4.5 Felsic Gneiss East of the Roolry ;,h.llountain Trench } ‘

. The felsityg isses outcroppi_n‘g to the east of fh‘e Rocky Mountain Trench oceur
in three maiu.é@iz\e Bulldog Creek area, the Mount Blackman area and the area south
o'\f HLgh Allan Creek. The Mount Blackman area was"‘v‘vell saffnpled, but the other two:- |
areas were incon’iple}ely samp_!ed; due to difficult“terrane and access as .WGII as poor
exposure. © ' - T -

Table 3.4 shows that the .felsic gneisses from each of these 3 'areas are

geochemccally distinct from each other as well«as from the Grey Gneiss, the Augen

gnelss and the Leucocratlc Gnelss to the waest of the Trench The average Bulldog Creek‘_c o

felsic gneiss does show some snmnlarsty to the average Grey Gnelss but the former has

“higher iron and magnesium and lower silica contents. Figure 3.1 1 shows that the Bulldog



i . |
Creek felsnc gnels\bes are mainly of granodlorltnc composmon and are generally richer in - T
plagioclase than the Grey Gneuss west of the Trench (frgure 3.8). . The same diagram _ .'
shows that the Mount Blackman and Hugh Allan Creek felsic gneisses are generally of
granltrc composutlon and that the felsic gnelsses east of the Trench tend to be more
anorthite rich than the average Leucocratic Gnelss. ' '

‘ Figure 3.14 shows that the Bulidog Creek and_Moont Blackman felsic gneisses

have- a calc—alk'aline tr‘end on an AFM diagram, whereas the Hugh Allan Creek- felsic
gneisses appear to be tholeutnc or alkaline.. Ona CaO v Y plot (figure 3.15), the Bulidog
Creek felsic gnelsses show a normal calc alkalme trend the Mount Blackman felsic
gneasses_a J-typ_e trend, and the Hugh Allan Creek felsic gneisses an L-type or alkaline '/ .
‘trend.l As a v;/hole, the gneisses east of the Trench have clearly had a'simpler‘
geo‘chemi‘cal history than those west of the Trench.

No firm conclusions can be drawn about the Hugh Allan Creek gnelss from the
three available samples but they do appear to be dlstmctly different from the ‘other felsic
gnensses east of the Rocky Mountam Trench.

" The Bulldog Creek fels:c gnensses appear to have formed from igne

calc-alkaline felsnc rocks, produced by normal plagroclase controlled fracy ‘

are probably genetrcally related to the mafic rgneous calc alkallne rocks\(no. ' maflc

gneisses) in the same area.
The:Mount Blackman felsic gneisses are paragnei'sses,'fas shown, invchapt,er 2 ; :

They appear howei'/‘e'r to be derived from very lmr'nature sediments approximating to

: granlte in chemlcal composmon They are probably not genetlcally related to-the mafic

gne:sses in the area, some of which appear to be former tholentlc $l||S

N } . e ’

-7‘.'3.5 FactorlAnalysis

- R- mode factor analysi : was performed on all the data and the sugnlflcant factor .
loadlngs of the promax oblique primary pattern matrix K min = z) are shown |n table 35
(Hendrlckson and White, 1864). 97% of 'the total variance m the data has been resolved

into 5 factors, again suggestnng that the ma ;oruty of these rocks are not metasedumentary
(Lambert et a/., 1982). 4\/ r,epresents 5 4% of the varlance and lS mterpreted as

mica; factor 2 (3.9%) as plagloclase factor 3 (16 8%) as- Ba and Sr opposmg Y factor

P . . . A
. [SEa08
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.  Table3. 5 Pr1n01pa1 ‘factor load1ngs in.
: the Promax Oblique Pr1mary Pattern: Matr1x

Factor 1 2 -3
Si02 DR
A1203 -0. 438 0.618
Fe203 L -

‘MgO0 o
CaOp- o 0.493 -
"Na20 - 0.879 .
K20 -0.89

Ti02 i .

MnO Co

S. '0.138 ¢

P205 - - o -
Ba -0.569 ' 0.642

Ir ' R

Y S . -0.627 -
Se - . 0.8639
Rb 0UB9Y e s
© Cu..
Ni

'l_n',4'

-0
-0

-0.

- -0
-0

794

703

-0

. =0.
- -0.

531

0.879
.997
602
452

fO.

-

928
857
453 ’

611

306

375

66
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4%) as accessory h'nnerals, and factor 5 (44 5%) as quartz. opposang ferromagneslans

Flgure 3.16. m whnc:h factor 2 (plagloclase) is plotted agalnst factor 5 o
(dlfferentlatlon lndex) shows clearly the dvfferent gnenssnc grodplngs in the Complex
There were :nsuffucnent data from the Bulldog Creek _rea to consnder the maflc and. felsnc

gnelsses separately but the mean- Bulldog Creek anal'

's-. |s_,f slgn'lfuc,antly, dn‘ferent_ ‘from‘
both the Mount Blackman gneiss and the gneisses to the west of the Rock'y Moun‘ta’in

Trench. The maflc gneisses west of the Trench pI t separately from those in the Mount
Blackman area, and both the Grey Gne:ss and the Leucocratnc Gneiss west of the Tre'fneh

appear as groupmgs separate from the felstc gnelss in the Mount Blackman area

1

3.6 Conclusuons

RN -
r© . .

The results show that the Complex consnsts of at least two unrelated blmodal

ico hognelsses of possnble alkall basaltlc parentage (The events WhICh have .‘ '
S

area.
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4 STRATIGRAPHY AND GEOCHEMISTRY OF THE: METASEDIMENTS SURROUNDING

THE MALTON GNEISS COMPLEX S

41 Introduction and.Review o ' o . "

The metasediments in the vicinity of the Malton Gnelss Complex have been '
stud:ed by Sutherland Brown (195'7 1963), Prlce and Mountjoy (1966), Slind and Perklns
k% S'i66), Price (1967), Giovanella (‘1,967), Campbell (1967, 196_8), Campbell and .

. Charlesworth (,1970)' Pi,nse"nt‘ (1971), Wheeler et al. (197'2.),‘Qamppell-' et al. (1973) and
Yhoung (1979), working primarily to the north of'the Maltors_'.Gneiss' Complex, and by
-Brown et al. (1978), Grayv (1978), Simony et a/. (1980, Poulton and Simohy (1980},

Gherit et a/. (1980) Oke and Slmony (1981) and Péil. and Simo 81), working

pnmanly 0 the south of the Malton ‘ .omplex '

Most of these workers have descrlbed most of the boundarues between *

, metasedlments and the gneisses of the Malton Gneiss Complex as faults Price (1967) _
Ggov_anella (1-967) and Whesler et a/. (1972), however, all suggested that _the-gnenss schist / -

bouhdary on Mount Blackman was'metarnorphic',' but Oke'and-Sim_ony 591.9'8 1) have.
- recently 'shown’:that' it is almost certainly unconformable complicated by Iater thrusting '

.

These faulted contacts contrast strongly with the generally accepted snlhmah:te |sograd

8

' boundary of the’ Shuswap Metamorphic Complex 20 km to the southwest
,4:2 Correlations across the Rocky"'M__ountain Trench north of the Malton Gnei’ss.
~ Complex . . .‘ | o | | v
Campbell (1967) was the furst to correlate strata across the Rocky Mountam N
‘:Trench He dtscovered an archeocyathud ruch oarbonate unit in the Cariboo Group to the
ﬂwest of the Trench which he equated with the Mural formatlon in the Gog: Group of the
: Rocky Mountalns to the east Both Iumestones contaln archeocyathnds and trllobltes aof
_the, Fa//otasp/s zone of the early Cambrian (Frltz 1975) Campbell (1967) then .

ed the unats below the Mural formatson east of the Trench wuth those

'nscovered carbonate unit west of the Trench equatmg the Muddle
' _‘Muette Group with the Kaza Group, the Upper Muette Group w,th the Isaac and
69 : _‘
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,Cunnlngham formations, and the McNaughton formatioh with the Yankee Bell,"Yanks Peak
. and‘Midas formations. ‘fThese correlations were modified slightly by Campbell et
al. (1973l and Young (1978). The correlation chart of Young is shown in figure 4.1,
. The correlations are described by Campbell et a/. (1973) as bemg based on fossil

o .'zonatlons in the Cambrian, but on homotaxial lllthology and thickness) relatlonshlps below
l'the Mural formatnon Accurate thlckness measurements however, are mpossnble to -
obtam and because of lack of exposure and complex_deformation (Pinsent, 1871;
Campbell et a/ 1973) Only minimal snmllarmes in the lithologies of the correlated strata
are, revealed by the detailed descrlptlons of Sutheriand Brown (1857, 1863), in the Antler
Creek and Cariboo River areas, of Campbeli et al.11973) and Young (1979) in the
McBride area,‘of Pinsent (187 1) in the Mount Robson area, and of. Poulton and Simony
(1980 in the Selkirk, Purcell and western Rocky’ Mountains. |

". For example, Young (1979) correlates the Lower Mie‘tte Group, outcropping in
‘one place only on the east flank of the Mount Robson synclinorium with th‘e lower part
. of the Kaza Group (figure 4 1.) The Lower Mnette Group, however consists of 600 m to
1200 m of folded and cleaved black shale, arglll;te and mncrmc limestone, and there is no
known part of the Kaza with similar lithology (Eampbell et'al., 1973) :

The Muddle Miette Group and the Kaza Group do appear to possess a superﬁc:al
flmlarnty both consnstmg largely of greemsh and brownish grey argillite, phylllte and
schist alternating wnth units of pOorIy sorted immature feldspathic sandstones (Campbell
' et al. 1973; Pinsent, 197 1); and the Middie Miette Groupis about 270‘0 m thick whereas
" the Kaza is 3600‘m thick {Campbell et a7., 1973).- However the Middle: Mnette Group |s
descnbed as: chloritic, rich in tourmaline and zircon and containing many coarsening - '
upward cycles and turbidite sedlmentary structures suggestlng deppsmon by rapid '
slumpmg in an offshore marine enwronment from an |gne's or hngh grade metamorpbac S
proyenance lying to the north east (Pinsent, 187 1). None of these features are

mentnoned in publnshed accounts of the Kaza Group

The Upper Miette Gr0up is correlated’by dlfferent authors with di
formatnons in the Carrboo Group wuth the Isaac Formatlon only by Pinsent (19,‘
the lsaac Cunnnngham and the lower part of the Yankee Bell Formatnon by Cam"‘:
al. 11873) and Young (1979), and with the Isaac, Cunningham and the whole, of the anl{ee

— - s . . -
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Bell by WHgeler et al. (1972). Pinsent ‘('197‘1 } equates the Cunningham |imestone with'
the Mural Formation (Gog Group). Young.(1979) equates the Cunnmgham with the Byng
Formation (0-300 Mrof dolostone in the Upper Miette Group) and Campbelt et al. (1973)
.state that the Cunningham is younger than the Byng
The Upper Mrette Group does bear some resemblan‘ee to~-the Isaac Formation,
both being ‘similar thicknesses (approximately 1500 m) of cleaved and folded grey or
. black argillite.. The Upper Miette, however, weathers to an orange, brownish'or gr,eenish
grey colour and is interbedded with coarsening—up\h_ard argillaceous siltstones and with a
few lenses of coarse—grained immature: sandstone and conglomerate in ‘the west. |t
contains the trace fossils P./ano/ittes' type burrows'/and Didymau//‘_chnt}s sp. trai.ls, but no
skeletal fossils (Campbell et"a/.; 1973). -in Contrast, the Isaac Formation weathers
- typically to a peeuliar steel bjue colour and is interbedded with calcareous siltstone,
micritic limestone, very. fine—-grained sandston@e and ienses of rnassive limestone
conglomerates‘ up to 30 m thick and 300 m Io;\g. The only fossils found have been
worm trails (Campbell et al., 1973) ) : .
The Cunningham and Yankee Bell Formatlons consist of alluvnal to shallow marine

Yostoné shale siltstone and sandstone th«ckemng westwards:.

deposuts of hmestgne"’

markungs and the rythmnc shale siltstone, Iamestone facies suggest deposmon in a broad
& relatively shaHow shelf ad Jacent to a httoral zone. The basal Yankee Bell unit is Iocally ' .
drsconfor;\able upon the Cunnmgham and contains evtdence ‘of subaerlal exposure
(mud crackg and hematite staininghiCampbeil et al., 1973h. Campbell et al, (1-973) do
descrube one section, 190 m thvck near Holy Cross Mountam where the uppeér part of
 the Upper the Group Ilthologncally resembles the Cunnmgham and Yankee Bell
Formations; bu’t in general the Carlboo Group formatlons are neither Ilthologlcally simitar
'Q\or a deep water facies of the Upper Miette Group. = ¥ , -
. Furthermore, Young (1979} leGS evidence of‘tectoni.c; instability: in the Uppe'rrno‘st
Miette of the 'Rocky Mountains east'of McBride. (diamictites and eoarse—arained proximat -,
‘turbndlte flows) whereas the Carlboo area to the west 6f the Trench was comparatlvely ‘, .

stabfe durung Yankee Bell tlmes {(numerou$ marine clastic and carbonate cycles)

~
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Another problem with the Upper Miette and Lower Cariboo Group correlation is
that of stratigraphy and structure. | The‘:lpper Miette ig described as conformable |
throughout (Young 1979), whereas Campbell et a/. (1973) describe an abrupt boundary
bet‘ween the Isaac and C_unningh‘am Formations. Wheeler» et a/. (1972) state that the
rocks above the Isaac Formation are edsentially unmeta ! " hosed in contrast with those
below. Campbell (1870) describés the structhre in the’:fil:oo Mountains as being a
series of northwestward plunging anticlinoria and synclinoria composed of structurally
and metamorphically distinct units. He relates the degree of metamorphusm and the
different structural styles between the infrastructure and the superstructure to the
geothermal gradient, hut his description of an infrastructure characterised by staurolite
kyanite grade metamorphism and polyphase folding (isoclines, coaxial with bedoing being ‘
arched across an antiform); and a superstructure of essentlally unme'teiW morphosed rocks
folded in large s;mnlar composute or concentric folds (with axial planes arranged in a ¢
broad fan more or less normal to the antiformal surface and to the axial planes of the
isoclines), or tilted and broken in fault blocks; suggests to the author a major
,uncom‘ormlty or fault betweenthe rocks of the mfrastructure (Kaza Group and Isaac
Formation) and those of the superstructure lCunnungham Formation and younger).

Moreover. his description of a transition zone consisting of a simple antlcllne.thh ‘
foliation parallel to bedding suggests that the superstructure has been thrust over the ~

infrastructure (possibly during a period of Hortheast-southwest compression).

”

4.3 Correlation of the Horsethief Creek Group -

To the south of the Malton Gneiss Complex, the Precambrian strata have been
correlated by Poulton and Simony (1980).. The correlation is complicated by frequent'
thrusting and, as P@ﬁl‘ton and Simony (1980} state, "successions and assemblages are
complex and are different in detail from one outcrop area to another“ Poulton and
Simony (1980) describe tife Hadrynian strata from the northern Purcell Mountalns
approxlmétely 300 km southeast of, the Maiton Gneiss Complex and correlate it with
strata from the mtervenmg Selkirk and Monashee Mountains, as well as with strata from
the western Rocky Mountauns In the Dogtooth Range of the northern Purcell Mountams

" they descrlbe the Horsethuef Creek Group of the Wlndermere Supergroup as consisting

v



of apbre\ximately 3000 m of Hadrynian ‘s'trata divided into the four divisions of 'Grit {up
to 1500 m). Siate (approxnmately 900 'm), Carbonate (approxnmately 200 m) and Upper
Clastncs (approximately’ 500 m). Thls fourfold dlvusnon as well as the*general hthology
appears Jo correlate weil W|th Hadrynlan strata in the western Rocky.Mountains, -for
example at Wood .Arm (Poulton and Simony, 1980) anq at Mount Blackman (Oke and -

Slmony 1981, . . e

v o

" Correlation of the Horsethnef Creek Group with Precambruan .strata of the Selkirk
and Monashee Ranges of the Colurrbua Mountams however, is neuther so easy nor so \
convincing. The Precambrlan strata in thas regnon are, in general, thncker and more
complex thah in the Horsethcef Creek Group. Specnfucally the Slate dﬂ‘nsuon is thicker
and more argillaceous, hawrg fewer grit bands.jn its Iower part, and mcludih_}a new
semipe!ité amphibolite unit in its upper part‘. The Carbonate division is thinner, thinning to_ |
10m m places. The Upper Clastic division is thicker and finer grained, but includes . —
coarse conglomeratic lenses. Poulton and Slmony (1980) and Simony et a/. (1980)
describe these variations as facqes changes, explaining that the strata in the Columbia

" Mountains, to the north and west of th.e Horsethief Creek Group type area, may have
t;een deposited in a c‘lepocentrre, which was subieet to mafic a&tivity and situated further
away from'the coarse clastic source area. The ;twe facies may have.moved closer
together during lafer crustal shortening.

The possibility exists, however, that the Precambrian strata.of the Columbia
Mountams differ luthologlcaliy from those of the Rocky and Purcell Mountams simply
because they were deposnted m a dlfferent place and possnbly at a dlfferent time. This
possibility is strengthened by the fact that both the metamorphnc grade and the structural

complexity of the strata are greater in the Colembia Mountains. The boundary appears to

—

foliow the Rocky Mou'ntain Trench (here occupied hy the Columbia River) and thert the”
Beaver River, with the possibility o'fvSOme thrusting over this boundary, for example in
the western Dogtooths. _

Because of this lack of confidence concerning the cerrelation of thePrecambrian
strata 'of the Monashee Mountains with the Precambrian strata in the Horsethief Creek

Group typejrea; the Precambrian strata of the Monashee Mountains will, in this thesis, be

“referred to as the Monashee Horsethief/Creek Group >
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4.4 Correlations aicross the Rocky Mountain Trench a\nd the North Thompson Fault

south of the Melton Gneiss Complex

Poulton and Simony (1880} have correlated the v Pcambrian strata south of the
Malton Gneiss Complex across both the Rocky Mountain Trench and the North Thompson
Fault equatmg the Middle Miette Group of the Rocky Mountams with the Monashee
Horsethief Creek Group of the Columbia Mountains and with both the Carlboo Group and

the Kaza Group of the Cariboo Mountains. These correlations have also been accepted

[
;¥

by other workers for examp°le at Wood‘ Arm by Poulton and Simony (1980) and at »
Mount Blackman by Oke and Slmony (1981) ' -

Brown et al. {1978) correlated the upper part of the Monashee Horsithnef Creek
Group with the Cariboo Group, despnte great differences in thickness and Ilthology
Poulton and Simony (1980) supported this correlation pomtmg out the snmnlarmes
"between the slate division of the Monashee Horsethief Creek Group and the Isaac
Formation of the Cariboo Group (steel blue colour, high muscovitey content, pyrite and
siderite porphyroblestsi; and between the upper clastic division of. the Monashe‘e
' H_orsethiet Creek Group'and the Yankee Bell Eormation’of the Cariboo Mountains |
(predo_rninance of green tinted rocks, abundance of ferruginous sandstonas and the
‘occurrence of ferruginous sandy carbonates). The same authors also hcorrelated the
Monashee Horsethief Creek Group with the Kaza Group of Campbell (1968, 1972) ir the
Canoe Ruver map area (west side). Poulton and Simony {1980) state that the-Kaz_a'Group

"is contmuous w:th rocks considered by.us to compnse the entnre Horsethlef Creek .

. Group and to closely resemble the Carlboo Group in succession and hthologles

Thus the Kaza Gr0up and the Mlette Group (or parts thereof) are ;,orrelated by
virtually all previous workers in the region. Most have also correlated these two groups
with the Monashee Horsethief Creek Group, and some also wnth the Cariboo Group _—
{Brown et a/:,; 1978; Poulton and Simony, 198()). Many of these correlatlons seem to
rely on the fact that the overlying Lower Hadryn%r?to_tower Cambrian strata have been
correlated. Aitken (1969), however, showed that tHere is a profound re%pnal“
unconformity at the base of the Cambrian in the Rocky Mountanmast of Revelstoke and .
Poulton and Simony (1980) have suggested that the same may be true in the Dogtooth

~

Range.
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Poulton and Slmony (1980) refrain from confldent correlatlon between the :

{

Horsethuef Creek Group and the Cariboo Group,, because of ; structural and stratigr’aphncal

complucatuons pointing out the fact that ‘more than one recurrent successuon of slmllar . '

Inthologles may occur. This fact has become apparent in the Carlboo Mountams w ere ‘.
- the Hadrynuan strata in the Blue River area descnbed by Cah'tpbelt (1968) as Kaza Group
and as under!ynng the Cariboo Group, were ndentlfued by. Pell and: S:mony (198 Tr‘ s upper
Horsethnef Creek Group (semlpehte amphibolite unut to upper clastic. d:vusnon) Pell and

Snmony (1981) report a preliminary oplmon in resolut&on ef this probldm expressed by -
Campbell, Brown and Simony after a 1omt hehcoptei‘ reconnanssance traverse of the area |
jn 1880; namely that the Horsethief Creek Group urfderlues both the Kaza Group and the
Cariboo Group. If this is confirmed, and if under|y|ng él;o means stratngraphlcally older -
. then the Mietfe’ Group, if conflrmed as being the equwalent ofdhe Horseth:ef Creek
Group - cannot also be the equuvalent of the Kaza Group o
Furthermore the structural and metamorphuc? ev-dence appears to refute the
suggestuon of correlation between the Mnet.te ﬁe Monashee Horsethsef Creek and« the
| Kaza G?oups " Ghent et al. (1980) and Sim /oay e,a/ (1980) have descrlbed three sete of
major foid structu\res in the Monashee Horsethnef Creek Gréup of the Columbta
Mountaans wnth mngmatnsatuon and the’ strongest tnetamorphlsm {to snllnmamte grade)
occurrnng after or durmg the Tater stages of, the second foldong eplsode ‘In’ the ad;acent ,
Mlddle Miette Group of the Rocky Mountams lying' to the west of the Rocky Mountam
Trench ‘only one major set of buckle folds and. thrust fault§ is evudent This is’ preceded
by mesoscoplc isoclinal foldmg synchronous with a low pressure sﬂhmanlte grade _
_ metamorphlsm (whuch drops to Iower greenschlst faeles in the Dogfooth Range of, the
northern Purcell Mountalns) and here there is no eildence of mngmatlsatuon The |
dlsappearance of staurolite within the kyanite zogl‘te in the Columbna Moynt,ams but |ts
persrstence in the Rocky Mountams together w«th geobarometrlc studues Ied Snmony et v .
al. (1980) to suggest that metamorphnc pressures wer% somie 2 kb h|gher in the Columbla -
MBuntains than in the Rocky Mountams lndlcatmg a vertrcai Hlsglacement o‘f"ebout 7 km. N
Pell and Simony (1981) used snmllar reasonmg and the appearance or nof~ appearar;ce of o
staurolite to show that the Precambrlan strata in the Cat;lbOO Meugtalns west of the =

North Thompson Fault, which they udentufy as Upper Horseth;ef Creek Group werf
R L ey

‘ .

~
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metamorphosed ata structural leVel some a km hlgher than that of the Columbla |

Mountalns lt seems hqw.ever to the author to be atoo mthh of a comcldence for three
sets of strata orlglnally contemporaneous to have been dlsplaced vertlcally Qrelatwe

dlstances of 4 km and 7 km before belng metamorphoséd only to be returned eventually

to the’ same rel,atlve structural Ievel The geochemocal ewderlce presented here appears '

to support thls concluslon T
\ KPR A i

4 5 Sample Colloction and Analysls

Over 100 metasedlrnentary samples welghlng\about zxkg each were collected
from the~vrcun|ty of the Malton Gnenss C\:lmplexc To ,ghe w?oSt of the Complex heavy

. Végetatlon and weathermg of hull‘sude outcrops meant tl‘(at most .of the 20* samples e

(i

collected fr0m the Kaza Group ywere‘fr@'road puts ll-h?hway B and Carlboo Lodge road)

,

About a dozen samples were collected from the~Floblna Creek area on the Malton Range

. vwhere metasedlments have been thrust over the Malton Gneass Complex along a fault

9

e Further south .in ‘the Mon#hee Mounfams, around Mount Albreda Moun Lemprlere and

L

the headwaters of a southern tnbutary to Clemlna Creek about 10 samples were
collected from m'étaseduments/ pr'obably of ‘the M’onashee Horsethuef Creek Group,
apparently mfolded %mth the gnelsses of the Malt’on Gnelss Complex lMorrnson, 1979)
South of the Complex about 10 Monashee Horsethnef Creek Group samples were

L. *f .
‘collected frol‘n road cuts on nghway 5 and from arouhd Paradlse Lake To the east of

-

the Malton Gne:ss Complex, appréxumately 50 san'fples weré collected from the Mlette A '
'Group, along Canoe Rlver road from Packsaddle Bulldog and Ptarmugan Creeks and from A

l’Jl

pessble to prov:de a representatlve SUIYB' at each locallty

Unlversny by Dr JG Holland usmg‘cal bratlon teohmques that optrmlsed agamst ‘the

ln

mternatlonal standards lFlanagan 19’73‘) and ‘a» spemally cast set of glass standardsD(Brown
et af., leO) These analyses are showmm Appendlx B (tables 19 31l

(o uat N
B ¥ N . . . y.'j . . . ~ L

T Y Lo _\r LB

,,‘:,‘- o
A B

".—, i zone consnstung of several metres of mylenlte and‘*h-\uscowtlc gran .ated quartzute . '

£

T

¥ n —
the northern ctrque on Mqunt Blackman AII samples were colledted as ob ;ectlvely as Lol
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S ,\showed no features of mterest whi eas plots of otr@trace elements and some major
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‘ 4 6 Geochemiury L - ' _ e
N ;9 ) ‘ ’ "
_ The metasedlmentary rocks have begn{bjecteg"to metamorphnsm (pOSSIny N
' polyphase) up to amphubolute facnes condmons and sO’ nt WOuId be deswable to use those L

‘ ¥ o
D trace elements whrch are beheved to be Ieast moEnIe durmg rnetamorphusm in order to CH

reconstruc - theur pre-»metamrphao eharacters 5 Howsver plots of Nb, B, Y and Zr

o elements showed deflmte dt’l‘ferences between the three stratlgraphnc groups (Kaza 4 '- g
Mlette and Monashee Horsethief Creek) whlc‘h could not easuly be related to thelr : e
'i-“matgamorphnc hnstomes vy ,

o

r‘atno Na O/K O measurung the
posmon of the feldspar or the feldspar!bfb"tl.te ratlo or the ﬂetntal iliite content of

| '_"sedlmentary composrtnonai maturity agamst the log of the'

".‘i"the sediment after Pettn ]th et al (1973) Ussng theim sed'mentary termnnology to
,-f»zgdescr;ae the bulk chem;stry of these metasedlments it can ;:;e seen that the _

< metaseduments from each of the three stratrgraphic»grébps can be dlStlﬂbUlSh&d
‘flgure 43 2 the Kaza Group pehtes (mcluJ'ng those (rom Robma Creek) form a clearly

' defmed composrtnopally compaot and sletnentanly mature unlt of Iow SlO /Alzo, The

o Mnette Group pelltes cover a _roader composl

\

,aI range and appear to be derived -

Iargely from arkosrc sedlments althouglt the Canoe Rlver road sub—group of. semnpehtes

" c "appear to ha\le agreywacke or hthuc arenlte character The Monashee Horsethuef Creek

| Gr‘oup sem|pehtes can be clearly dxstmgundhed m fngure 4. 2 from both the Kaza Group
pehtes and the Mlet'f' Group pelutes and semlpelutes They appear to be derived from

; greywadkes or, hthrc arenites. - N ‘ o o

Frgure 43 shows the composntuona! ranges of the psammltes from the three

,‘ e groups Thesa overlap m the hthlc arenite fleld but are stlll clearly dlstmgunshable from = "

- eac_h_«othe_r The Kaza Group psammnes (mcludmg thbse from Robma Creek) appear to

L .\‘A
P Yy
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have been lithic arenites with Iog,SiO,‘/Al,O.', of approximately unity, whereas the * /\\

psammites from the Monashee Horsethief Creek Group appear to have been lithic
arenites with log Si0,/ALQ, <1. .The psammites from the Miette Group have

iog SiO,/AI,C',)3 of approximately unity, but tend to plot largely in'-the arkosic field,
although they also overlap into the lithic arenite field. ‘

The Kaza Group metasediments are further I'distjnguishedfrom those of the
Monashee Horsethief. Creek and Miette Group's' by being poorer in caleium, 'reflee&’ng
their lower plagio.clase contents (figures 4.4 ;and’445) -Semipelites are rare in theKaza
Group but are more common than pelites in the. Muette and Monashee Horseth:ef Creek
Groups. On the other hand, the Kaza Group metasediments are not especually poor in
strontium (figures 4.6 and 4.7) suggesting that there may have been some strontium.

" mobility into these rocks. This is confirmed by the stron'tium'isotope evidence

{chapter §). Figure 4.6 shows that the Sr/Y ratios in the Miette Group reach higher »alues

than in the Kaza or -Monashee Horsethief Creek Groups, pro:batlily reflect’ing .the.higher'
proportion-of Sr—accepting, Y~rejecting miner'a,Is such as plagio'clase in the form'er_
group {(Lambert and Holland 1974). Balashov et al. (1964} have shown that Y is
preferentnally concentrated in marine shales but relatnvel%‘déleted in fresh water shales,
‘and part of the Miette Group could have been deposlted ina fresh water envuronment v
The maturity of. the original sediments of the Kaza Group. versus the relatn/e,

|mmatur|ty of the sedlments of the Miette and Monashee Horsethuef Creek Groups is

shown in figures 4.8 and 4. 9 In figure 4.8, the pelités and psammntes of the Kaza Group. '

including Robina Creek samples lie on one line, with Al 20, decreasing as SiO, increases.
The' pehtes and semipelites of the Miette and Monashee Horsethlef Creek Groups contaln
Iess Al,Q, and the Mlette pelites and semipelites are comparatively hch in Si0,. In

fugure 49, the pehtes and psammites of the Kaza Group (mcludlng Robina Creek samples)

show a smooth pr.ogressnon-from high Fe,0; high Al ,0; to low Fe,0, and low Al,Q, The

pelites and semlpelrtes of the Mtette and Monashee Horsethief Creek Groups are ncher in

Fe,0,, the Muette ‘Group cor?tamung up to 20% Fe O3 By contrast the. AI,O; Vs Na,O plot
- of fngure 4 10 does not dlfferentuate between the three stratvgraphuc groups of '

A _
metasedlments nor does the Kaza Group appear to be partncularly mature in that plot, the

metas'ednments from Mount Blackman appearmg as the most mature sub-—group of those
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Lok C A
during. metamorphlsm P '..’"},‘ _
" Figures a 11and 4. 12 glve some. mdncatnon of the orlglnal mmeralogy of the .
sediments, as well as showmg clear Qtstunctlons between the three groups Flgure 4 ‘l

shows a fanrly clear dustmctuon in Ba cohtent between the three groups, the Monashee

: Horsethlef Creek Gr0up havnng lowe?\ éa contents than the Kaza Group whnch in turn has '

lower Ba contents than the Miette Group° These varlatlons possibly reflect the potassnumv
feldspar content of the oruglnal sedlme@&,\ anure 4.12 shows the variation in K/Rb ratlosv "
between the various groups Similar ratlow the pelites and psammltes of the Kaza
Group may mdlcate a similar. mmeralogy in. the shales and sandstones of this. group, SO far .
as the K and Rb are concerned the most lakely mlneral is detrital feldspar The Kaza
' rGroup appears to have formed as a mature sedamant The Monashee Horsethuef Creek.
Group and the Mistte Group on the other hand h&e wldely differing K/Rb ratios for the
pelltlc and psammmc fractlons the Mlette psammltes at\d Monashee Horsethief Creek

: 'pelltes havmg much hlgher K/Rb ratnos than the other fr%qt)ons The hugher K/Rb ratnos
of the Monashee Horsethlef Creek pelltes suggests there was a lower proportuon of. clay
mmerals in the sedlments from which' they were derived, a concluslon consnstent ‘with
.«flgure 4 2, where the Monashee Horsethief Creek pelrtes plotted ln the greywacke fleld

~ Thus the geochemlstry of the Kaza, Mlette and Monashee Horsethlef Creek

Groups appears to conflrm the suggestlon that each Group represents a sebarate
‘ luthologlcal assemblage and that. none of the Groups can be confndently correlated wuth
-any of the others The Kaza Group appears to be- derived from the most matu;;

sedlments and the Mlette Group from the least mature. - o ‘ »Q ) ‘



5. GEOCHRONOLOGY

‘ 51 lntroductlon R « .
. No prevuous geochronolog:cal studles have been made of the Malton Gneiss -
" Complex; excapt that already publlshed by the author lChamberlaln et al.; 1979), but
: "j some K-Ar studres have peen conducted on the rnetasedlments around the Complex
. PFICB and Mount;oy (1970) pubhshed akK- Ar age on post—kmematlc blotnte in the Selwyn’
Range and Charlesworth et al. (1967) have published some K—-Ar . studies on detrital
. mucas in the Jasper and Tete Jaune Cache reglons to the. nc:rtheast and northwest of the
N B present study area. (See chapter 1).. Varlous authors have publnshed the results of.
. geochronologlcal studles on rock swtes south-of the Malton Gnelss Complex (Lowden et
, 1963; Wanless et a/ 1967; Wanless and Reesor 1975 Okulntch et a/ 1975,
‘Wanless and Okulltch 1976; Duncan 1978) (See . sectlon 5. 4). .

The present studles were undertaken in.an attempt to obtam an overall vsew of
the hlstory of the area including, if possuble |ts relatlonshlp to other nearby regions.
Petrologlcal and structural studies of the gnelsses and metasedlments in the area have ‘b

. shown that they are both polymetamorphlc and polydeformatuonal but the vurtual absence
of chlontlzatlon and bjotitization, together with minimum late stage alteratlon of feldspar .

~

rules out the possubrllty of any large scale hydrothermal alteratlon Hence the extent to

o

whlch these metamorphlc eplsodes can be dated, or alternatlvely the extent to whlch the
' metamorphlc veil” of Berger and York (1981} can be pierced, by the rubldlum strontnuma‘
whole rock iso"chron method, depends on the dsffusron history of ‘the- l'UbldlUm and -
. strontium in the rock.s.‘ a | _. 4 | . |
Laboratory studies of diffusion are di'fficult'to extrapolate to low temperatures o E
_ and/or true geologlcal condutlons but Kesmarky (1977) has shown that both rubldlum and .
4 87-strontium are mobite, at least to dlstances equnvalent to granlté gram size, at
,temperatures of 890°C atmospherlc pressures and anhydrous condmons Other |

v:workers have estlmated rates of drffusmn of dlfferent types and have dlscussed the :

: 1964 Hartet s

) S .:c4 r %) k} e, .

. a/ 1 _968, Dodson 1973 Gulettn 1974 Harrrson and Clarke 1979) The be av:eur@; l

. ~ NS S ;
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: .many varrables mcludlng temperature pressure Iattlce type crystar gram boundarles

mineral assemblages fluids present and the type of dlfoSlOﬂ (volume or. non-—volume -

'self or. mterdlffusuon) The complex natural geologlc sttuatnon ls dlfflcult to. reproduce

exactly elther mathematlcally or in the laboratory Geologlcal experlence has shown

however that rocks metamorphosed to the garnet zone of metamorphlsm tend not to* be

lsotOplcally homogenlzed with respect to rubldlum and- strontlumjdurlng metamorphlsm

whereas, those metamorphosed above the staurolrte—kyamte de" tend to have thelr

RECREY

rubidium- strontnum systematlcs partlally or completely upset For example, Lambert et
.' ‘al. ¢ 1982) have shown that the garnet zone Leven Schists of Scotland yleld

rubldlum strontlum whole rock |sochron ages that have not been reset by
‘. metamorphlsm whereas the nearby kyannte zone Monadhﬁath Schusts yleld
 rubidium-strontium whole rock metamorphlc ages Slmllarly Ghosh tpersonal
..‘:__j‘communlcatlorl 1982) has found that rubldnum—strontrum \Whole rock |sochrons on

'Mesozonc metasedlments in the Kootenay area of Brmsh Columbla yreld sedlmentary

ages on formatlons below the garnet zone, but that there isa metamorphlc scatterchron

foﬁ the Lardeau Formatlon the only example studled by hlm whlch lles above the

i staurolute-kyamte isograd. Heﬁce it seems that at about 500°C Iarge 'scale mlgratlon of .
fc'rubldlum and 87-strontium begms but may not be completed in that the rock may not be :

' completely rehomogemzed with repect to the rubldlum and strontlurn |sotopes The -

reSults of‘l-larnson and Clarke s 41979) work on the coollng of the Quottoon pluton lead

toa slmllar conclusmn B

The gnelsses of the Malton Gnelss Complex are of mnddle amphlbollte facies, and

the metasedlments in the vncmlty of the Complex range from garnet grade to kyanlte

o .grade the me;orlty belng in the staurolite— kyanlte Zone.. (Flgure 3 1) Hence they have

. been raised lnto the temperature range of 450°C to 550°C where the dlffuswn

coeffuc:ents change by several orders of magmtude over a narrow temperature range

Detalled mhomogeneltles espec:ally i flund concentratlons in the’ wnde range of rock R

_' ' types present in the area appear to have resulted in an lrregular pattern of dlffuslon

paths and dnstances during reglonal metamorphlsm These lrregularlttes often appear to

be mdependent of the’ llthology or. the geochemnstry of the rocks SO that lt ls not

el BRI Iy - Y
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have rubudnum-—strontnum systematucs dlstmct from say semnpelltes or hngh nloblum
gnelsses The only pattern vyhlch emerges abpears to be that the more refractory
strontlum rich rocks of low-Rb : Sr ratio, tend to’ preserve the older ages whereas the
potassnum-—rlc trontium- poor rocks, of _high- Rb Sr ratno tend to yield younger ages

On rublduum - strontium’ |sochron dnagrams wuth a Iarge scatter of points, possrble upper

and lower hm:ts to the true age of the rock have been calculated

o . &

52Ana|yses . ﬂ R A _ o . g\
Rubndlum—strontlum analyses were made on about 200 whole rock samples from'

' aIl the ma;or rock unlts Urannum—lead analyses were made on. ZII’COHS separated from

i 'about 10 of these rock samples Rubudlum and strontlum concentratlons were obtalned

by X. RF and cross checked by |sotope dllutlon measurements (Par{khurst and ONions
1 ) Rubldnum and strontnum were separated from approxlmately 200 mg of sample .

‘ uslng standard barlum mtrate co~ precnpttatlon and/or ion exchange colum_ methods

- vertlcal radnus sohd source mass spectrometer. lsochronsx were calculat xusirig the '
' methods of Brooks et.al., (1972) Table 32 (appenan C shows the good correlatuon =

obtalned on duplncate strontnum lsotope ratuo measurements m both mter- and

55

'~

mtra—laboratory tests The type of computer program used to compute the results '
appears to mtroduce more vanatnon than the: allquottmg of the sample the chemlcal

separatlon the laboratory blank or the mass spectrometrnc analysns Tables 33 and 34 ’
show the results of regular checks on standards and blanks (Al "’Sn’/"Sr values are o
standardlzed and quoted at the 2o' Ievel of confldenpe) Internatlonally recognnzed

constants have been used throughout lStenger and Jager 1977) -. b o \a .
N B N Q . ) :



5.3: ‘Results-and Discussion i3

5:3.1 Grey: Gnelss _ ’ » _
' Rubudlum—strontlum data on about 20 Grey Gnenss whole rock samples (collected
from. every ge graphlcal reguon of ‘the Malton Block) are shown in flgure 5 1 and table 35 '

- '(appendlx C). Th consnderable scatter of ponnts seen in fngure 51is typlcal of a.

poly~- mletamorphlc ro Petrographlc and geochemncah studies have shown that there
has been some exchange of alkalls in and out of these gneissic rocks, durung at least two
perlods of metamorphlsm The dlstnbutnon of the polnts suggests that there has been o
exchange of rubldlum and stontlum in these rocks rather than total loss or galn The best
stralght Ime through all the points,.except for the three obvnously aberrant ones ylzlds an

.' age of 3195 * 39 Ma. and an lnltlal 87/86 ratio of, O 6990 + 5. This initial, ratlo isc early

umposslble and appears to be the result of the exact dlstrrbutlon of the erroneous pomts

especsally those" near the orlgm If the elght pomts show:ng the largest amount of scatter -
about this Ime are omstted from the calculatlon an age of 3093 46 and an mntnal
strontlum 87/86 ratlo of 0. 7001 £6 are obtamed on=a twelve pomt lsochron {the twelve ' ;
‘ ‘open symbols on,_flgure 5. 1). ThlS age and |n|t|al ratlo are probably close to the tru but .
'.the errors quoted are the errors on this twelve ponnt |sochron rather than the true ‘t

on the age and lmtlal ratio of the Grey Gneiss. In any case, the nmtnal ratlo must be low.
. Whlch mdlcates durect or almost dlrect deruvatnon from the Archean mantle and the age

whlch must be’ close to 3 Ga, is mterpreted as the |gneous event formung the -

rors‘ .

calc—alkalme tonahtnc protohth of the Grey Gneiss. A strontlum evolutlon dlagram (flgure ,

_ ,_5 2) shows that the mmal ratlo IS on.or near the postulated mantle gr0wth curve

- Figure 5.3 shows the uranlum -lead evndence obtamed on separated zircons. The
appearance of znrcons suggests that they: have been reheated or regannealed only a few -
have retamed any suggestlon of,the hyaclnth colour and metamlct texture typncal of

: Archean znrcons Thenr appearance ranges from brown subhedral partlally metamlct )

| Crystals to transparent anhedral or subhedral clear, clean crystals but there is no sharp
.drvusnon such as maght suggest a maxed populatlon The Six Grey rtetss samples lue.close

toa chord mtersectung concordla at c 2450 Ma and c. 1250 Ma / he conslderable scatter

about this hne however together wnth the physucal appearan /9 of the znrcons and the

\ ¥
P '\\\" W



0.82

0.76 -

-

Ssses .

| S lﬂ' ﬂonashce nountalns'

- 0.70.

0o ‘1 P 2 3

Figure 51 b-Sr 1sochron dlagrst for the Grey Gneiss of the ﬂa,lton Gnelss
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?c:‘%f any eerroboratnve evidence for a 2500 Ma event, .suggests that thns may not be

an epasodlc lead loss line, and that the correct model for these znrcons may be that of

multu-—stage Iead loss. Alternatlvely the rubudlum - strontium data may be wrong. The

_ calculated. uranlum-—lead dates (table 46 appendux C) give 2120 Ma as a mummum age for

. the Grey. Gneiss and th:s ls consnstent wuth mtruscon at ¢.3000 Ma followed by ‘ l

multu stage lead loss at ¢ 1770 Ma and ¢.550 Ma (figure 5.3).

B .5 3.2 Mafic Gnelss

' ‘ Figure 5. 4 and table 36 lappeqdnx C). give the rubidium- strontlum data for the .~

_mafic gneisses of the Malton Block The rubldnum-strontnum lsochron diagram of flgure

-_54 shdws consnderable scatter indicative of a poly— metamorphlc hlstory for these - -

rocks. The maxlmum age of the gnelsses as shown by the: upper Ime appears to be

approxnmately 2950 +'50 Ma This is mterpreted as. an igneous event, and the age is |

. Close to that obtained for the intrusion of the Grey Gnelss protollth (3093 = 46 Ma). :

which suggests that the -oldest maflc rocks in the complex wereﬂntruded at

‘approxumately the same time as the oldest felsic rocks. .
The lower line shown on figure 5. 4 yields an age ‘similar to the minimum obtamed‘ |

on the Leucocratlc Gnelss and is dlscussed under headmg 5.3.4.

5.3.3 Augen Gneiss : , ,
Fugure 5.5 and table 37 nge the rubnd;um strontlumfnsotope data for the Augen

- _'Gnelss It appears to have formed at- 1767 * 20 Ma lHudsoman) wuth a strontlum 87/86

- ‘ratio of 0.7105 £ 2. The scatter of points in figure 5.5 provudes evndence of Iater

"'metamorphlsm while the strontlum evolution pattern (flgure 5 2) and the geochemlstry
(chapter 3) are conSlstent wath a protdhth denved from the local mafic gnenss by partsal
' meltmg “ The Grey Gnelss and the maﬂc gneiss probably suffered their furst

: metamorphlsm at this tlme as lmplued by the multi- stage lead modeL

-
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5.3.4 Leucocratlc Gneiss ‘

Geochemloally the Leucocratic Gneiss is very snmllar to the Augen Gneiss, both
being. mildly peralkalme granitic rocks, but the strontium isotope evidence suggests that
the Leucocratlc Gnheiss is not simply reheated and remobilised Augen Gneiss. Figyres 5 6
and.5.2 show that the initial 87/86 ratio of the Leucocratic Gneiss was probably much )
lower than the 87/86 ratio reached by the vAugen Gneiss at any probable time of mtrus:on
for the Leucocratic Gneiss. The true age of the Leucocratic Gneiss is difficult to

" ascertain from the rubidium - strontium'data because of the large amount of soatter on

the isochron diagrama(figure 5.6). There appears to be a lower limit of about 550 Ma,
and this is close to the lower limit on the age of the mafic gneisses (figure 5.4). If this is
a real event,.it may represent an intrusion of leucocratic magma produced by the partial
remobilization and mixing of the Augen Gneiss with another prevuously mtruded
leucocratic rock since field evidence shows that some Leucocratlc Gnelss predates the
youpfger mafic dykes (plates 2.2 and 2 ), and the zircon evudence (see below) suggests
an older munnmum age for. the: Leucocratlc Gheiss. - The cause of any c: 500 Ma melting of
the Leucocratnc and Augen gnelsses could have been an lntruslon of mafic magma, and if
so, the mltnal strontlum 87/86 ratio lO 7082 + ﬂ on the c. 500 Ma maflc llne (flgure 54)is
low enough to |mply a fresh influx of maflc magma at thns tlme rather than a 4
remobllusatson of the orlglnal 2950 Ma mafic gnelss (figure 5.2).

| Uranium and lead isotopic analyses on znrcons suggest the presence of a
pre-550 Ma leucocratlc roék as stated dbove. - Z:rcons-separated immtwo lzeueecrsatrc .
Gneiss samples (5886 and 5901R) gave Pb.207720’6 ages of 846 lVla and 820 Ma (table o '-l
- 46, appendix C}

These ages tend to be Muhlma ‘suggestmgthat the erlgmalleucooratloa o nF

R R A S

~ rock |s at Ieast ag old as.c. 840 Ma The posmons of these samples on the ‘concordla plot .-
{figure 5.3) are. cov 5 tent ‘with a multl stage lead model wnth eplsodrc lead loss :
occurring at ¢.1700 Ma, ¢.850 Ma, c.550 Ma and c. 100 Ma (shown by the solld lnnes)
and/or a dlffuswe lead model wnth lead belng lost by dlffusmn from ¢.850:Ma to the ‘
present day lshown by the dotted line)l. The multl stage model would indicate lead loss .
during the mtrusnon of the Augen -Gneiss-protolith at.c.1700.M3, ,durmg the intrusionofa

- e e -

‘ «&qmleucoerencamagma at,c 8§d Ma durlng a posslblelpa)gnal remeltlng eplsode at c 550 Ma ST
w v ~ KadRa

and durmg a Crbtaceo‘Us :eheatlng eplso'de The dlffusmh model woulc“i mEncate the “.‘”’ T
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formation of zircons at or before c.840 Ma, during the original intrusion of leucocratic -
magma, with-the gradual Ioss of Pb by diffusion since that tnme In practice-a

‘combmatnon of these processes probably took place

"B, 3 5 Kaza Group Metasedlments
. The: rubudnum-stronttum data on the metasedlments of the Kaza Group are shown
in table 40 (appendax C) and fngure 5. 7 There is a consuderable scattermg of the\pomts
‘on the rubidium- strontnum |sochron dlagram {figure 5.7). possibly due to variable initial
strontium 87/86 ratios in \ the original sediments, as well as to duffernng degrees of
diffusion during metamorphism 'A 250 Ma re'ference isochron drawn on'figure 5.7
gives a lower |ll'mt to the age of the metasedlments and may represent an updatlng event
- The scattermg of the points oh the isochron’ diagram may be oaused by a lack of
strontium homogemzatn(m in the or:gmal sedlments and the comparatxvely hugh 87/86
values of these pomts probably reﬂects the Iong crugtal residence tume of these .
Precambruan metasedlments _ ' '
_ There is a snz_eable body of eVidenoe for a.late Permian or early Triassic

(Tahitanian) vorogeny along the boundary bet\‘Neen.the Intermontane Belt and the Ornineca o
Crystallme Belt (Dott, 1961 Douglas et al., 1970; Campbell and Tipper., 1971 Paterson
and Harakal, 1974; Okuhtch 1975; Struik, 1981). Easterly dipping subdu.ctlo._n is
sug‘gested by the presenCe of 200-—281 Ma batholiths in the Manashee Horsethi‘ef Creek .
Group (Lowden -et al., 1963) and a 254 Ma granmc gnelss east of Kelowna (Okuhtch
1975). in the Barkervnlle-—Carnboo River area, Strmk (1981) has described the Pundata
thrust at the base of the allochthonous Ant!er Formatlon as post—early Permian: and in the o
Pinchi Lake area, Paterson and’ Harakal (1974) have descrnbed two penods of .
deformation, separated by a period of blue-—schast metamorphlsm6 all occurring durrng )
. the Tahltaman Orogeny K-Ar ages of 21. 1 2 18 Ma are cons:dered as cooling ages
marking the end of the.second period of deformatlon, _and_the,peakof metamorphlsm in
the Cache C’eek Group-is dated at 255 Ma. Itis possible that the thrustihg ofl the Kaza -
Group eastwards over the Malton Block on the North Thompson Fault may also have beenb‘ '

‘ a TahItaman svent.
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o 5. 3 6 Monashee Horsethief Creek Group Metasedlments _
: The rubldlum-strontlum lsochron data for the Monashee Horsethlef Creek Group .
are shown in f‘ gure 5. 8 ancl table 39 (appendux Cl The data base |s poor sunce of the

avaxlable samples, only three meta—turbldlte samples Weére suntable for analysns and

' :.‘.' < platting. The three pomts on the nsochron approxumate to a stralght Fne yneldmg an age

o .‘-‘:';of 1246 * 23 Ma andan lhmal strontrum 87/86 ratlo of O 7170 * 2 Thns age may be a

L metamorphlc sedlmentary or source rock age The latter two are unllkely m the wew of

metamorphlsm attamed in the Monashee Horsethlef Creek Group (>600° C and >6 kb

Ghent et al v'l;SBO). The 1250 Ma age probably dates the peak.of the; Monashee E

‘:a l"‘0"00~'0h- Q0 94» -»u,a rEY M‘v'o! Liet

= mfolded wrth) the gnelsses of the Malton Block (Ghent et a/;O 197'7 Mornson 1979) 2
The orrentatlon of the Wmdfall Creek Thrust parallels that of the ax:al planes of
' the isoclinal folds |n the Monashee Horsethief Creek Group as well -as that of some L
h Mnddle' Jurassuc structures in the Shuswap Complex to the south (Okulltch et a/ 1975)
“Hence it is possrl:gle that the F2 foldlng and thrustmg occurred durmg the Columblan |
' Orogeny but lt is more likely to have been much earlier: Schutze (personal _
| communncatnon 1980) has obtanned Rb- Sr lsochron ages |n the Shuswap and Monashee _
Horsethref Creek Group slmllar to those found in- the Malton Block namely Valhalla Gnelss. O
850 Ma and Messrter Summlt Gnelss 570 Ma ercon separates from the Grey Gnelss of
“the Malton Block give a Concordla lower mtercept age. of c. 1250 Ma Mornson (1979)
. } :has reported post F2 leucosome penetratlon of the Monashee Horsethnef Creek Group, :

- equatlng it wuth at least one epusode of leucosome (Leucocratlo Gneuss) mtruslon of the .

Malton Gnelss Fleld evndence shows that the F2 thrustlng is: older than the thrustlng oh S

E _‘the North Thompson Fault lMo ison, - 9l.- an the Iatter' possnbly Tahltaman Thus on;-"







,. to any others expos’ed in’ the ammedlate vucumty

Fim,

| ,‘ 5, 3 7 Hugh Allen Creak quiss

B measurement The age ls 806 * 13 Ma and the initial ratlo O 7222 + 15 The samples ‘

. are hlghly radlogenrc resurlng in a very steep Ime on the strontlum evolutnon dlagram . o

Thesé ‘dates cannot be
. had a dnfferent geologlc hlstory from those to the west of the Trench

Y

o clear to allow defmte lSOChl’OﬂS or definitive conclusnons to. be drawn, - The scatter |s ‘

R mterpreted as bemg due to vanable dlfqulon dunng metamorphlsm Figure 5 12 and

Jur oL

Turnmg to the rock units east of the Rocky Mountam' Trench fngure 59 and table )
41 glve the rubldnum strontaum data for the felslc gnelss south of Hqg._, .Allan Creek The B A
data base IS small but the three pounts do he on ‘a llne wnthm the llrmts of thelr’

(flgure 5 10) The strontaum lSOtOplC evudence appears to conflrm the geocl‘lemvcal

(chapter 3) and structural (Oke and Slmony 1981) ev»dence that these rocks are, unrelated

",,.'. B A e o a vpe

Blackman paragnenss north of Hugh Allan Creek. ’ “The ponnts are qulte scattered on the T ‘

e lsochron d;agram pOSSlbly because of :ncomplete strontlum hcmogemzatlon durung

mmlmum 9 13 t %p Ma waever the lead 207/206 age of zurcorfs separated from.the
Mount Blackman Gnelss IS 1950 Ma: (table 42) and a 207/206 age is normally regarded
-'as.a mmlmum Hence' euther the Rb-Sr 1899 Ma llne is’ not a maxlmum havmg been

downdated by a later metamorphlc event or the znrcons are lnherlted and are datmg the

_ sourcs: roek of thas paragneiss, = - . : o ', St

-

correlated W|th any °f1_:_tw

.

e .

' 5. 3 9 Bulldog Creek Gnelss L 'v - ' '

- The rubvdlum strontnum data on the Bulldog Creek Gnelss are not suff;cuently

table 44 guve the datd and the lmes drawn on ﬁgure 5. 12 represent posslble upper and

lower lumlts for the age of thls gnelss The geochemlstry (chapte(}' 3 suggests that the A ST

5 felslc and maflc gnelsses in thls area may be cogenetlc and itis posslble that 1090 Ma
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113
appro-ximatesi, to their time of intrUSio'n.'and 315 Ma their time.'of- met_amorph'ism.
'5.3.10 Miette Group Metasediments |

~ Rubidium - strontuum data for the Mlette Group metasedlments are given in,
flgure 5.13 and tables 43 and 45, These mclude the metasedlments on the north face of
Mount Blackman which were mapped as Mnette Group by. Oké’ and Snmony (1981 )
Polymetamorph:sm and vanable dlffusnon have. again scattered the data ppmts on the
| isochron: dnagrams but a Iower Inm+t—for each of the two mam groups appears to be
approximately 900 Ma This is dquivalent to the Iower limit (913 = 20) on the age of the '
Mount %Iackman paragneiss. A sub group of three samples from the Miette glve an age
of 315 + 40) which appears to be equivalent to the lower limit (315 + 8) on the age,of

the Bulldog Creek Gnenss . “

- .
~
~— -
. ~

‘5 4 Compans\On\wth other areas . )
' Flgures 5.15 an\5\16 show a comparrson between the ages obtamed. m ‘this area

' and those of nearby regions. Becau\e of 4 '__ ollage nature of much of Brmsh '

v

Columbna only the age determinations obﬁvned on rock units thought to’ be a part of the
same plate or plates have been used. _
Figure 5.15 shows age determlnataons west of the Rocky Mouintain Trench. The

Kaza Group age is mcluded on thls dlagram although the rocks -may have ongmated ona.
separate plate from the Maiton Block the c.250 Ma event possibly markmg the tlme of E
. colhsmn Slmularly the Shuswap and Monashee Horsethlef Creek Group may have been v
_on a separate plate prior to c 1250 Ma although the prellmmary lmpremse age of
"3000 Ma obtalned by Duncanil 978) on gnelsses from the Shuswap Complex dgrees

well wuth the c.3000 Ma ages of 'the Grey and Maflc Gneissgs of the Malton Blocj<
Duncans (1978} imprecise 2000 Ma age and Wanless and Reesor’s (1975) c. 1950 Ma .
" age on Shuswap gneisses (mterpreted as mtrusnve ages) do not comcsde with the 1767 +
20 Ma age of intrusion 6f the Augen Gneiss protoluth Schutze s (personal R o
commumcatnon 1980) 847 Ma age on the Valhalla ‘Gneiss correlates well wnth the |
¢.840 Ma age suggested for the mtrusnon of the Leucacratic Gneiss protollth Schutzes

(personal communlcatlon 1980) 568 Ma age on the Messuter Summit Gnenss is close to

~
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. ~~Figure 5.14_. Age determinaticns west of ~ = Tt vt s s
The RocKy Mountain Trench : ' ' '

Ma I
'O“ ”‘-—4 ..
50 R S S
PR 77+5 White Creek Batholith K-Ar (1)
O 89- 198 Nakwsp Stecke KiAn 2) . L L L L L L e .
100 | | A e e e
.#. . . 50-175 Mount Fowler Batholith U-Pb zir. Ir.intcpt.(3)

" w150. Nelson Batholith Rb-Sr, (4)
150 168+7 North Shuswap Pluton Rb-Sr (5)
168 - 'N€tson Batholith K-Ar Hbl (6)
175+75 Thor Odin Dome U-Pb 1r. intecpt. (7)°
200 200 Messiter Summit Gneiss Rb-Sr (8)-
’ 205 . Horsethief Stock K-Ar (1)

250 2%075' Metamorphism of KaialGroup‘°RB-SE.min;
200-281 Adamant Range Batholith K-Ar. (1)
254 Granitoid gneiss E.of Kelowna Pb 207/206 zir.(9)

300
i - i - - e, e 0 e

350 . 4 : - -

372 Clachnacudainn Salient U-Pb zir. up.intcpt. (7)

372 Mount Fowler-Batholith U-Pb zir:. up.intcpt. (4)
400 : - R AR
450
500 o | o

(Intrusion of Mafic Gneiss Rb-Sr min.
550 550 ? ‘(Intrusion of Leucocratic Gneiss Rb-Sr min.
568 Messiter Summit Gneiss Rb-Sr (8) ° :

600 608  Valhalla Gneiss Rb-Sr isochron (8)

650,
. . ) . , - :3V;;v3“

750. 750(approx) Clachnacudainn Salient Rb-Sr (10) » . =

800 L e - .

. 3



1400

1600

2000
2200
2400

2600

2800

3000

Keyf"

116

' 840 7 Intrusion of Leucocratic Gneiss Pb 207/206 zir.

50 - 847 Valhalla Gneiss Rb-Sr,isbcﬁron (8)
900 | N /
: 930(approx) Shuswap Rb-Sr (11)
950 | . . L
- w"iyif\/tga'if-,;'v.I T T
1000 ~
"1200~1246+23'Met -of Monashee Horsethmef Creek Group Rb-Sr -

1250 ‘Metamorphism Grey Gneiss U-Pb zir. Ir. intcpt.
1305+52 Hellroaring Creek Stock Rb-Sr (4) T

1320 . Lower Purcell oldest K- Ar age (5)

1800 1i67+20 Inthhsion of Augen Gneiss Rb-Sr,:

. . ke

1960+35 45 Thor .0dir;:: Dome U-Pb zircons up, intept. (5)
2000(approx) Shuswap Rb- Sr (11) * '

2950 ? Intrusion of Mafic Gneiss Rb-Sr max.
3000(approx) Shuswap Rb-5r (8)

,3000(approx) 1ntrus1on of Grey Gne1ss Rb Sr

.-Lowdon gt.al,, 1863 - 2= Hyndman, 1968 \
3=0Okulitch et aiti 1975
. 4=Duncan et al., 1879 5= P:gage, 1977
- G=Nguyen et al., 1968 S
7Wanless .and Ressor, 1975

'« -B=Schutze {personal . commuh1cat1on) 1880
" 9=Okulitch, 1975 ‘ 10= Bleﬁk1nsop, 1972

A1l

11= Duncan, 1978

Rb- Sr ages are. whole rock ages
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. F1gure 5 15- Age determ1nat1ons easf of Tt
* The Rocky Mounta1n Trench

Ma

5&\ Mwette Group o ’
.K=Ar on whole rock and muscov1te {1)

.....

100 111 Miette Group K- Ar on b1ot1te (2f

B A TR R
50 metasediments and Bulldog Cneek,GneiSs Rb-Sr
200
250 245 '_Ice'RiVér'Cpmbléx~Rb?SrZand K-ar (3]

300 315, 7 Metamorph1sm of M1ette Group metased1ments ;

IR ' .and Buildog CreeK Gnelss Rb-Sr min. . -~ - L

450 S e

500-

700 i - DA L » T

800 B06+1¥ Intrusion of Hugh Allan Creek Gneiss Rb-Sr

e Cr it
ST e,
Pt ]



900 900'? Metamorph13m of Mount Blackman Gne1ss and
\/\/\/ . M1ette Group metasediments Rb Sr m1n

) f P - e @ e °".!? -."'"‘"" “°- e s B il e, o Tee wo&,,‘ovwv,',.*b.v’
»aw o 000 a4 P et d s ey 37 Mo 035 '. PV .t e 9'._..7._?.;'7,-7,",_-.‘,. R R I i

| 1100 2 '1hfruéion-of auxmdog'cféek*eﬁésss' Rb-Sr max.
1200 - o S

o

V1‘.'f400'ﬂ'>f‘"7"f'7z?ji3§¥“i?;??ﬁ‘i"f{}ﬂ°,e'"J7V"""f”]37?T”:W"7;"ff*“y
o j535d" Rocky Mounta1ns unmetamorphosed equ1va1ent of
1800 . . Horseth1ef Creek Group K-Ar minimum age 6)
" S 1776 - M1ette Group source rock K- Ar minimum age (1)
1800 1800Lapprox) Pre-Purcell metamorphism (5) . e
N 1900 ? Met. Mourit Blackman. paragneiss Rb- Sr max
N 439850, fMount Blackman paragnz155°source 7 Pb 207/206 zir
- -2000 | o |

o,

&

C22000 . e T
2200 %
- 2600 SR » SO

| i,

<2800 - o <;;/ L e

3000 W i

‘“Key: = 1=Charlesworth et al., 1967 . . -~ -
o 2=Price and Mount joy, 1870
3=zCurrie, 1975 I
4=zRyan and Blenk1nsop, 4871 (- =1.42 x 10 ) . : '
S5=Wheeler et al., 1872 o - R .
: S*Wanless et al. 1967 T . S o

All Rb Sr ages ‘are whole rock ages

;



SRR lent -to th\s theory by the ,ages of..the batholnths pepetraﬂng"the Monashee. Hors,ethnef

'S = ‘~"\.

N IR _ @

Creek group These ages of 200 Ma to 281 Ma (Lowdon et al., 1963) prevnously B s
thought to be anomalous could be explamed by the’ presence of an eastward dnpplng '
‘ '3:':'.’ v subductlon zone at.this t;m,e ,Jurassuc ages have been observed in the Shuswap and in '

the Monashee Horsethlef Creek Greup but not lo the Malton Block The CretaceouS‘ . e

bathohth and°bluton.ages are#: egi\rcled as, evudence of Crétaceous westward le:né X -
e e SUhductlon along the llne of the' Rocky M(junta‘ﬂ*ﬂ'ré'ﬁ’chw“ oo _ R .:‘:m o
e ;: T - ngure 5»16 shows tba:au:gdence for thls Cret.acfc’}‘f oroggﬂy on the ea st Sl de o f - .* y .
. the Roel(\( Mountam Treht‘:h Prevnouely dated events on the east"o’f t.h’e trench ar@f’ew [ ’, ~ g h_-.

number and duffICult to correlate w:th each other Thei.Rb’ZOk‘?/ZOG age ofx 1950 Ma‘” e e,

&taunﬁd orr zlrgtpnsggrom th{g&Mount Bla%man paragnelree ian bi mterpreted asa’ l ,l T
o mnnlmum age for the source rock of thre gnelss and the rubnd ium -~ strontlUmhmammum R i

age of c. 1900 M3, as their ttme of’ primary metamorphnsm. The latter compares xth a- ‘_‘% |

K]

.

pre’ - Purcell metamorphnsm,,of approxlmately 1800 Ma quoted by Wheeler et a/ (1972). '.
li - Charle}s\gyorth et a/ (1967) obtalned a 1776 Ma potessvﬁm - argon mlnnmum age for the .

1‘

.‘ -, source rock ofothe Miette Group of metasedlments and the rubldlum - strontnum age of
¢.900 Ma may represent thevr time. of pnmeny metamorphlsm The Bulldog Creek Gnenss B e
may have been mtruded at about 1 100 Ma and the Hugh Allan Creek Gnenss at

806+ 13 Ma
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6.2 Analytical Procedure

P
[ Q-.t.’a"..

>

relatlonsblps betWeen the, gnelsse '_' east and west of the Rocky Mountam Trench the

relatuonshlp between the gneusses and the surroundmg schlste, and tbe. pre—-metamorphlc T

- -'....-.w - .

.. w, - . . . :

e S &-A~ -, &v . . o
T, .. . R T

" Twenty. four whole rock samples and one. feldspar separate were analysed the [

whole rock samples representmg aIl the gnelssnc types from all the: maln geographlcal

" areas and two of the metasedlmentary groups the Miette and the Kaza

- - . . ]
- . h - T, UL . R L. .
14 Rl LT B T ‘o - o

oo g . 17 op 7y “ L e -,-_' . .. . - D i "“ I L w e

B AT

v

BZ"I Ox‘ygeh extrhcthn e i, :.T

The brol'nme pentafluorlde method of Clayton and Mayeda (1963) ‘was used to ' L

fextract the oxygen Samples of approxumately 20 mg of fmely ground drled powder " L

T ‘vlfere wefghed lnto tt;ln foanoats and then loaded lnto nlckel extractuon tubes ln a

[V

i mtrogen chamber The tubes were then retugnedvto the extractnon Ime and were

" ’pretreated wnth BrFs for about one hour to remove any oxygen compounds Wthh had'

B tlmes the stomhnometrlt: requlrement to ensure complete reactton ,The tubes were then

) 2

kS

'i'formed on the;r walls durlng loadlﬂg “After, pre-treatment the, tubes,were evac.uated .

P .
et s

: .and then a measured‘ amount of BrF was, oondensed, mto each tube by |mmers|on m llqmd‘

‘nltrogen The amount of BrF, used in each tube was approxlmately 1/400 mole several

closed and heated overnlght at about 600°C usnng external electncal reststance furnaces

- ,,whllst the upper ends of the tubes were kept cool w1th cnrculatlr;g alr The oxygen is. i

-
T
e 3.
. v L

released by complete reductlon of. all the mlnerals present in the sample The reactlon

'equatlon for potassuum feldspar shown below is typlcal LT o

b o g R . N R ”‘. T :
" R . . . . «
. - ; ERNPO

e .

KAISI,O + 8 BrF S K? + AIF 3 SIF + 8 BrFs 4 Ozr

. «\3 . ST o o ‘,u“
. . : X : :



e -’-had been removed and the' tubes cooied to room temperature AN aP °°°*°d bV liquid

| I'A.’f mtrogen removed all poss:ble ) olatnle contamlnants' (BrFs, BPF; Br,‘ S:F, and HF) and the "

=

e

The oxygen was extrac’ted from each tube in: tum the next momrng after the‘ furnac‘e’ : LT

oxygen pressure was measured before |t was converted to. carbon ledee by passlng :t
:', over red—hot carbon in the presence of 3 platmum catalyst The carbon leXIdB was

T condensed out w»th luquld nltrogen the yleld measured by rnanometer and the gas sealed

e A e e NI

L T

_' ina glass tube for transport to the.mass spectr7meter e _' o

‘--r.‘t..a‘v -a_’ 1. . PR P
. X . .' P ',"" . . o

6 2 2 Mess.speqtrometry

Dl Al etioe
,.‘,‘,‘-,t . i

The oxygen |sotop|c ratio l‘O/"O of each sample was measured on a Mucromass

602 D double collectmg permanent magnet mass spectrometer usmg KMCC calcvte asa.

. worklng reference The two Faraday Cup collectors allow dnrect measurement of “O/"O

O

® e

by. the- TrueRa'tloMeasurementBndge System, in whlch the mlnor counter ("O) is

’stopped as soon as the major counter (“O) reaches a oount of 10 Thns ratlo (R) is, in’

o R .theory mdependent of the sample pressure but in practlce it was found that best

‘results were obtalned when reference and sample pressures were set approxlmately

" equal by adjustment of the inlet system Because of the double mlet method no

.,_fractlonation correctlon |s needed as the samplb depletes_ An average of Slx good ,.

measurements was taken the enrlchment calculated durectly by

81‘0 = (R sample -R reference)/R reference

" -'_:'and the result corrected to SMOW (for the Reference used here) by the equatlon o

-) R

BUO:SMOW = 8"Oraw + 18.37 + (8"Oraw x 18.37)/1000

5 3 Results

e

6"0 values corrected to SMOW -are. gaven in, the last column of table 6 1 andum o

: flgure 6. 1 They show that the gnelsses east of the Rocky Mountam Trench ln the Mount

Blackman area have 8"0 values close to. normal crustal values the maflc rocks belng

: between 7 38 ¥y, and 8. 21 4, andi the felsnc Between 943 010,, and 10, 07 0/00 @

@ ..



14: N
BE"
| EB
L6
i
€S’

mn e~

S 80 "§0'Eh-

6T S ,vnnwvu

: g:czm . ‘peaJdnswew
- G 89 .

;

O & e
: st
. .... B ?'.
- ’ ¢ B
N RS )
. a‘u - - f
4 m + ) .v
. ! WW
) D ~
s ENRN S
. R N
. fwm %@
N -
! “w. K 4mn.
o : s
. "3 L
- kW §
i v
LT s
66°€L  .E9)y-BSAI"
PSP TOIY-88TE
'9G°El  «pEBY-VEYL -
L LLTYE b p-0GEE
6S°v) - BEVP-QSTH.
6E°EF . OEBY-¥EYI
LS €l . SEBY-VEVL
.. BSTEY - 1G9} ¥-BSTE
6 ¥k B0 KL - 950p-0TZY .
B9 BRIt LS'EL T EEBP-VEPL
CApvh s pSOV-0TTH
¥9 vl HELY-OSEH
80°%} " TGO~ -0ZZ4 .
mmmv- SLEV¥-0STH
i 8y Sl 9Etp-0STH
%08; + STOTEE - VSOP-0TTH-
. AT . \vouv ~TLet
_xOm, ¢ IEBREN 720> S 1-Te Yo T 1 4%
‘%08 168 5 ¥9'El v} p-0STH
“%L6 . €O°GH., 19°®L ' - £S0¥-0TTH
. %00} _ .“uﬁ.n.‘.n.vm_v 8szk
%0 88°Et- - 191 y-8STL
C%8E. L EVTR) o LERE b9 P=8ST)
* —HO—VOLGODu —GBHDQ ’
D,o.> coo>xo gvnsac nuq

_.na: mw:nnco:

uvaeucnaroz
eBury UO3|BN
xouch 2 u

CO- udOO:—

s$}joun >0Lo
.: ~Es)eun Aado .
: an.aca DiiRwW -
" sgpeub” Ovmnsn
aa,oco o¢mce

>ao.o:a.4

[ P i A L : Wl

. dnoup Byy8iN- . - ®3jwwesd) - (um) ommm.
.dnouy-ezej. {BOLL¥S mOL) - - (dM) . ¥EBS

"uewndrig "IN SBiBub 018|183 ,.Amtv,nOm.w
uewWORLE . IN: . §SiBubB oiRiel (um) HO68S

TuewxORLg: TIN. sS1eub O1sta . (¥M) 3068S
uRUXOBLg CIW - BSyaub Dpgew - - (UM) 00SIS.
URBWYORLE T IN . Ss)auB. di jew _v_huzy_:om«m
‘uswdeiy. TN, mm—o:a,u.uue L UM) -WOB8BS
“SiN oucwncox -vmm.mcu cmu:< 7 (YM). 010868 -
RN mm:wucoz $8j8uD. comsq. Aa3v m-omm :

) obuvy Lo} LK | nn—ucc u_uquuoonma (¥M) '8sv8s
ﬁup..nuz om:mnco: na-ocu D.unsuooaoa. Auzv.40qwm
OUCNG CO#—QI na'0C¢ U—deOOOSOJ .hﬁ?v,.mﬂmm,

; $8$8UD. D) TLID0ONOT - (uM) - LI8S

‘SSpaup D41eusodnat (¥M) s18S
: .‘ﬁunnocm 2}139J4d00N@Y . (UM) pI8G

xongh,.z 5 ?-  ‘ssyeuy Aeu . (dS5) QL06S
Hoedl N'D - L JE-IVL RSN {dm): a€o6s -

o (um) DLE8S:

-neoo an,ocu cOu—wz ocy toLu nv_nEouugcnuv.Os ucn xoo; o—ocx co nu:ﬁﬁOgaacot o.nouon— :-u>xo -no,b—anw‘

B
. N




”T‘Tay]or s (1968) d1v1sxons

2= Berr1da1e Batholith-1I- type: gﬁén1to1ds  ﬂ

< Q'-Neit."and “Chappe 11, 1977
3 Berr1da1e Batholith S type-gran1to1ds
‘0’ Nei.l a@nd. Chappel1; 18977

- 4a Afdcient Gneiss Comp]ex 3.6 Ga orthogne1sses S

" Taylor and ‘Magaritz, 1975

~4b=Ancient Gneiss Complex ‘3. 6 Ga paragne1sses

Taylor and Magaritz, 1975 .

5 Barberfon area, .3.6 Ga - tona11te domes E

Tay]or and Magar1tz 1975 ¢
b= Barberton area, Hood Granite
Taylor and Magaritz, 1975

7 Barberton area, 2.6-2.8.Ga. Younger Gran1tes

- Jay10r “and - M%garwtz 1975; ORI
Longstaffe and Schwarcz, 1977

R ) .’ g P )’“d '»w“ e
. & TR .

8a Fbotpr1nt Gneiss upper: amph1bol1te fac1es orthogne1ss.

8b Footprint: Gneiss middie amph1b2%11e fac1es orthogne1ss'

Longstaffe “and Schwa ¢z, 1977
9=Twilight quxss.g 41;/
- = Léngstaffé and’ Schwarcz.\197

facie paragnelss=

-10=Claylake Gheiss granulite fac1es orthogne1ss

Longstaffe and Schwarcz, 1877

11-Cedardake ‘Gheiss“amphibolite. fac1es orthogne1ss

Longstaffe and Schwarcz, 1977

- 12=Pakwash’ Gheiss mid- upper amphlbo111e fac1es paragne1ss"

Longstaffe and-Schwarcz, 1877
, 13 Archean clastic metased:ments

-Llongstaffé-and Schwarcz; 977 .

14 Archean.mafic metavolcafls q.q
‘Longstaffe and Schwarcz, 1977

15 Archean granitoids .
“Longsteffe and Birk, 1981 ¢

16 Archean:‘granitoids (altered) ©

“Longstaffe and Birk, 1381 . ;1ﬁ¢w~

_ 17 Archean lYarge mafic enclaves
- Longstaffe and :Schwarcz;, <1977

18 Ma Yton -Block Mafic Gneiss and. amph1b011te_

19=Malton Block. Grey Gneiss
~ 20=Malton Block Leucocratic Gneiss -
21=Malton Block Augen Greiss
 22=Mount . Blackman amph1b011te K
- 23=Mount Blackman felsic gneiss
'24a=Kaza .Group .metasediments
24b-M1ette Group metased1ments
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The gnensses of the Malton Block in’ contrast have generally very Iow 8"0 values, .

the maflc samples ranglng from 4. 78 °/oo to 5. 29 %/ oo and the felslc from 5. 72 °/M‘to
973 *log (with two anomalously hngher values) 4 L
| The metasedumentary samples from the Kaza. and Mlette Groups yield values ".,

typlcal of crustal metasedlments *0.39 °/oo and 10 88 °/°° respect:vely

Table 6 1 also ‘shows that the actual oxygen ytelds are not always equwalent tor *

the theoretlcal ynélds although they are w:thm 10% in. every case The theoretlcal values -

quoted here were calculated fIrom X R E. analyses and so may be sumect to +5% errors
Thus probably accounts for most of the discrepancy between the actual and theoretlcal
OXygen ylelds and the true dlscrepancy may be close to the.2% quoted by Clayton and
Mayeda (1963l for this extra,ctlon method. - '

<

" 6.4 Discussion .~

LT 6 4 1 Intoductlon

Taylor (1958) was the f:rst to divide the gramtlc rocks mto dlfferent groups

accordlng to their whole rock 810 SMOW values (see Flg 6 l) Hns six groups were LL,

E . L l H, H, and HH Granophyres were most’abundant i the LL group rhyoll,tes and

i - obsuduans in the L group mtnor mtrusuves i the 1 group and bathohths in.the Hgroups. .
He suggested that the addmon of pelltlc cotnponents to: the magma would account for
the hlgh S“O values of th alummous grahltes o ‘y’. o - ‘

' "In 1977, O Nell and Chappell showed that the oxygen |sotop|c ratlos of granmc

' rocks of the Berndale Batholuth in SE Australla correlated perfectly w:th thelr '

petrogenesns Chappell and White (1974) had already classnfled the gramtes as benng of

sedlmentary (S—type) or lgneous (- typel orngun usmg mlneraloglcal chemlcal and

.

-

strontlum lSOtOplC crltena As shown ln flgure 6. 1 the average S“O SMOW values e
obtalned by ONell and Chappell (1977) on I—and- S type gramtes ranged from 7.9.%, to

| 9 4.9, and 9. 99 °/oo to 10:5 9y, reSpectlvely, the hlgher values in the S-—type gramtes
bemg mterpreted as due toa COncentratlon of- the heavy usotope in clay mmerals by
fractuonatlon during, crustal weathermg processes As: ONenl and Chappell (1977) pomted

o _.o_ut, however,, the total_-range .of 810 v.alues obtained on granmc rocks,throughout-the |
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l“‘

,.,,vvorl_d-is much larger than that .observed in~the 'Si.lurian/D'e'von'i'an"B'e‘rri'dale Batholith.
B Taylor and Magarntz (1975) showed that Archean granmc rocks tend to have
lower 810 values than Phanerozolc granmc rocks. Meta—lgneous Archean gramtnc rocks
-of the Ancuent Grieiss Complex gave S"O SMOW values rangmg from 5 9.9/, to 8 1 /00

- whereas the metasedlmentary rocks in-the Complex gave values of 9. 2 /00 and 9 8 */oe-.

(Al these values lie below the range of the Berrldale Batholsth Sﬂtype as is shown in
- figure 6. 1) Tonalite Domes from the Barberton area, of the same age as the Ancient -
Gneiss Complex and of presumed lgneous orlgln gave 5"0 valués in the same range as
“the meta—-igneous rocks of the Ancuent Gneiss Complex.” The SD values of fhese two
swtes however dtffered markedly those of the Tonahte Domes lylng within the normal
igneaus range and those of" the Ahtient Gneiss’ Complex benng Iess than ~-85 °/°., Taylor
and Magantz (1975) suggest that the H, O in: these anclent gnelsses is’ juvemle" bemg

derived from a mantle not yet heavnly contammated wnth ,subducted oceanlc hthosphere
. N

- The sllghtly hagher S"O values of the Igneous Hood Grannte can be attrlbuted to thelr ‘

Ionger crustal resldence tlme whereas the very low 810 values of the younger granltes

and the quartz feldspar palrs out of equnllbrlum .

markably snmllar pattern has been. recorded in the Archeart rocks. of the
ovince of the Canadlan Sh;eld by Longstaffe and Schwarcz (1977) and

and Bll’k (1981). Whole rock 50 SMOW values in the Footprlnt Gneiss

rom 5 8 %y, to 8.9 %/, with a eluster at7.4 %, t0 7. 8 %00 lflgure 6.1). Thus, much’
of the gnelss is isotopically too light for direct derivation from'Archean clastc
metasedim.ents which range from 8 %/, to 13 v°/°°‘-(Longs.taffe and Schwarcz, 1977). The
lower values (5.9 /4, to 7.1 /,,) were obtained on~ gneiss samples exhioiting ’
dfsequnllbnum |sotoplc mlneral fractlona}uons and. upper amphlbollte facies metamorphlsm.

: 'Indeed depletlon in the heavy oxygen isotope appears to be quite common in hlgher

“Hormal’ gneuss in the 7.4 %/,, to 7. 8 °/.,,, range may also have suffered heavy oxygen Ioss '
but this is less Ilkely smce the metamorphlc grade IS mlddle amplybollte fames and the
minerals are. approaohlng equ:llbrlum The Twullght Gnelss may also have .suffered some

loss of 1'O as it has been metamor_phosed to _-granulute_ .'faoles and the 8110 values are

‘ ost certainly due to. reglonal |ow temperature alteration effects, snnce the rocks are.

grade metamorphlc terranes (Shleh and Schwarcz 1974, Fourcade and Javoy 1973). The _

;
N



somewhat low-for 3 paragneiss " However, they are remarkably similar to those of the
_ Claylake Gneuss fan orthognetss) also of granulite facies grade and to those of the Cedar
Lake Gn Hence Longstaffe {1979) suggested that the granulite facnes rocks : |

5. underrﬁ nt |sotop|c exchange with the volumetrlcally more lmportant amphibolite facies .

toia

m.et_a, |gneous ‘rocks such as the Cedar Lake Gneiss. The 810 values (8:8 %/, 16 -
| 11.99 /,,) yielded by those Pakwash paragneisses subjected'/to relatively mild
metamerphism lie in the range of Archean clastic metasediments, whereas the highly
metamorphosed Pakwash paragnelsses appear to have.lost "O durnng metamornhlsm

yleldlng 81'0 values of 6.563 °/°o to 699 /0. e

Longstaffe (1979) and Longstaffe and Blrk (198 ‘rl have descrlbed other Archean

gramtond rocks from the Superlor Provnnce Wthh have undergone pOst~—crystalI|zaI|0n
1Q/ "O changes The Burdntt Lake greenschlst faeles metavolcanics’ ‘appear to have
ganned "O durlng low temperature alteratnon or weathering; and later to have lost "o
durmg nntrusnon of the. B)drdlﬁ Lake granodlortte by oxygen lsotope exchan;e with low
"O/ 1#0O magrnatic fluids. . The Jackson Lake Complex granodlorlte has been depleted in1Q
by exchange with low MO/0 fluids (probably meteoric water) mugratmg along a fault llne
The Esox Lake porphyry. and the Burditt Lake pluton have gained *O during late: stage ‘
deuteric autometasomatism. This last, Longstaffe and Birk (198l) suggest, is more or

" less confined to high level intrusive stocks and plutons, being very rare-in bath'oliths or

gnelssm rocks.

Longstaffe and Birk ( 1981) have also shown that in isotopically unaltered gramtmd |
rocks 840 values tend to increase with Sio, contents because of the strong

f

fracgonatson of "O into quartz durlng crystalllzatlon

L

i # Hence, in summary the average | 810 values of lsotoplcally‘wnaltered Archean

""’vs sedimentary and metamorphlc rocks tend to'be lower thaa;ghose of*geolo“gically
rocks of the same type. Bearmg i mind this fact, the "O/“O ratios in gramtond '
gneisses of all ages. cloglely resemble those of their protollths and hence may be useful
as petrogenetic mdlcators provrdlng the gnensses have not suffered large scale "O
,depletuon or enrichment since their formatlon Such oxygen lsotoplc alteratlon may be

caused by:

1. uD depletion &F enrichment by open system okygen isotope exchange with a lower _

Y
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\
' (eg basalt) or hngher (eg clastic sedimentary rock) 8"0 reservoir, during upper

amphlbollte to granulite facnes metamorphlsm or durlng an episode of partial

melting (Longstaffe 1979 suggests that temperatures of 650°C to 700°C are

“a- :
fecessary). . : - o
. ’ ”» \ .
2. 1O depletion or enrichment by isotopic exchange with fluids m\grat'ng from a

geo|bg|cally younger mtrusnon of drfferent isotopic composmon -
.'3: v “’O debletnon by iow. temperature hydrothermal alteration and oxygen isotopic
' exchange wuth meteorrc water (nnciudlng water migrating anng a fault zone)
4. 10 depletlon by hydrothermal alteration durmg the ongunal mtrusnon of the |gneous :
" .protolith, as descrlbed by Magaritz and Taylor (1976). Taylor (1976 1977) has
shown, hoWever that only a small proportnon of the intrusive rock. is isotopically -

disturbed during this process. Nonetheless, the arount of aiteration may vary with

* ’

the country rock in guestion.=. .
o> A <
1o er}iohment by low temperature alteration and weathering processes.
130 enrichment by deuteric or autometasomatic action (but Longstaffe and Birk

]

(1981) have suggested that. thus is rare in gr\eussuc terranes). .

1

. Finally, posmve correlation of S"O %,,, with Si0,% in a suite of rocks suggests a lack of

secondary oxygen nsotopnc enrichment.
" These guidelines have been used to interpret the oxygen isotope data obtained on
the rocks of the Maiton Gneiss Complex. A '

6.4.2 Archean mafic gneiss 0
S"O values of 4.7 0/00 tob52 °/.,o have been measured on the Archean ‘mafic
gneiss, lying to the west of the Rocky Mountain Trench, (figure 6.1 and table 6 1). These
values are lower than those generally accepted for the Archean mantle (5.7°/°°), which
suggests that these rocks may have suffered ‘some oxygen isotopic exchange with
meteoric water. Figure 6.2 shows a posmve correlation between 8110 and Si0,,
suggesting that there has been no large scale oxygen isotopic alteration, and there are no
signs of -extensive post— metamorphlc hydrothermal alteratnon 'or weathering. The
etamorph{c grade is not above middie amphibolite facies and there is no large reservoir
of low 810 rocks in the vicinity with which they could have éxchanged oxygen |sotopes.

-
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lsotopﬁic exchange l:ox;ld pos_sibly have occurred between them and the igneous protoliths
of the Leucocratic.or Augen Gneisses during in'trusnion of the latter, but this seems
unlikely since the present §'*O values of the mafic gneiss are well below tho’se .of the
felsic gneisses Thus, itseems reasonable to-assume that the 1*O values measured on

.  these gnelsses are closs to those exlstlng at the time of thelr formatlon and, smce they
fall within the range for Archean metavolcanics (Longstaffe and Schwarcz 1977,

conflrm their meta— lgneous nature.,

6.4.3 Archean Grey Gneiss
' T he ‘Archean Grey Gneiss, dutcropping to the west of the Rocky Mountaln Trench,
gave m.‘vaIUes ranging f?om 5.7 % 10 9.7 %, The lowest values lie about G.2 %/,
below the range for the Archean orthogneisses of the Ancient Gneiss Complex‘(T'aylor
and Magaritz 19785), and the highest value lies about 0.1 %4 above the range glven by |
Longstaffe and Birk (1981) for Archean granntond bathollths and gnelsses (flgure 6.1),
The 8"0 values dlsplay positive correlatlon with SiO, content (flgure 6 2}, the gnelsses
~ show no sign of extensive weatherlng or hydrothe mal alteration and metamorphic grade '

is not'above mlddle amphlbollte. facnes. It is possible that rnagmatné flunds.emanatlng‘from

. the igneous precursors of the Augen and/or Leucocratic Gneisses could have enriched
some of the samples in ."O but the sample witnh th"e lowest 6110 value lies below the
range of the Augen and Leucocratlc Gnelsses * This sample also appears to be i in oxygen
isotopic equilibrium, a feldspar separate having a 8'*O value (5. 5 °/.,.,) very close to that of
the whole rock (5.7 °/,,), and so is unllkely to have suffered isotopic exchange with low
"O/“O- hvdrotherrnal rn'eteorlc waters. The ‘sample with the highest 840 valie may

: poss:bly have suffered some low température "O enrichrent durlng waeathering, but the
samples generally appear not to have suffered oxygen isotopic exchange since their

formation, their 8*0 values thus conflrmlng tﬂﬂ' meta- lgneous character

.4.4 Post~Archean Leucocratic and Augen Gneisses

The post~Archean Leucocratic Gneiss, which also occurs only to the west of the
Trench, yielded 80 values ranging fro_m‘6.2 % 0 to.'.f'f7.'9 %/ 4 (figure 6.1) and shows a

‘vpositive correlation with SiO, (figure 6.2). This gneiss..is' not highly weathered rlo'r _

AJ



. 6.4.5 Gneisses East of the Rocky Mountain Trench

N K}

¢ -

hydrothermaily altered. It§ metamorphic grade s not above middle amp‘hibolite facies'and’

there are no nearby younger |gneous mtrusuons~whlch could have contamlnated it Hence,
}

since lts 8"0 values appear to he within the range for. post Archean meta |gneous

. gramtouds they confirm its orthogneuSsnc character e ‘ E S

. . S
crystallization oxygen isptope exchange.

1

.

The mafic and felsic gneisses fr'om the Mount Blackman area, to the east of the .

Roc_ky_Mou‘ntain Trench, show littie- correlation between their Si0,% and 810 9/, va"lﬁ'es

_ {figure 6. 2) Hence they may have suffered oxygen isotopia alteration and 'their 810 -

SN

-values may not be reliable mdlcators of thelr petrogenesns However, these S"O values

are much hlgher than those obtalned on the maflc and felsvc gnelsses lymg to the waest’ of '

- the Trench (flgure 6.1), and temperatures-have probably not been high enough to allow -

oxygen isotopic exchange with t|

hearby volummous hlgh 810 metasedlments of the
Miette. Gr.oup;" The 60 valuesfon ‘the:fels_ic gneisse,s span the boundary of O'Neil an"d
Chappell's llQ?T),l—type and. -type granites. This is not SUrpriiing since thin section
studies show their paragneissic nature and geochemical stedies show their extreme

immatority and chemical slmilar.ity to granite. The 810 values on the mafic gneisses tend

to confirm their post- Archean meta- lgneous character and to demonstrate tl;elr

| dlstmctuveness from the mafic. gnelss lying to the west of the Rocky Mountain Trench

* to the west of the Rocky Mountain Treneh namelyf the Archean Maflc and Grey Gnelsses

Thus the 8*0O measurements on the whole rock and mineral separates from the

Malton Gneiss Complex tend to conflrm the meta-— lgneous character of all the gneisses

and the post Archean Leucocratlc and Augen Gneisses. They also tend to confirm the .

. meta- |gn90us character of the post Archean. maflc ‘Mount Blackman Gnelsses as well as’

"'“the metasedlmentary character of the felsic post Archean Mount Bla/ckman Gneisses.

~ Flnally they confirm the dlstlnctuon between the gneisses-east and west of the Trench

.7



and generally dlsprove any genetnc relatuonshup between the metasedlments and the .

gnelsses of the Malton Gnelss Complex

: ‘6.5 Strontlum lsotoplc Evadence ._ | L o DR —
~ Aplot of lmtlal strontlum 87/86 ratlos versus S"O values is glven in fngure 63

- shows4hat for the gneusses.m general the -ile} yalueuncceasewuth the mmal strontlum -
. 87/86 ratlos although the Archean maflc gnelss has lower 8"0 values than the Grey
'Gnelss However ‘the mntnal 87/86 values of the mafnc gnelsses are not well deflned and
its S“O values may have been lowered by Iater alteratlon as discussed under headmg

- 642 One Grey Gnetss sample has an exceptlonally hlgh Sk'O value, possmly due to low

; .temperature 10 enrlchment durmg weatherlng Both 810 values and sn|t|al strontnum ‘

87/86 ratnos are measures of crustal resndence tume Hence |t ls not surpnzmg to fmd a

posmve correlataon between the two As mlght be expected, the Mount Bla¢kman g
paragnenss has hlgher S"O and 87/86 IR. values than the orthognelsses to the west ch .
the.Rocky Mountain Trench Both the Mlette and the Kaza metaseduments appear ‘to have L

: higher 80 and 87/86 IR. values than any Q‘f the gnelsses thus reflectnngthelr tlme of

- crustal res:dence and weathermg as sedlments



875/ 86 'Sr_":“.{:;hlna_.u. 4

:f_ﬂugcn Gnciss e
“aaflc gnelss - .
Grey Gnelss

‘Mount Blackan paragnelss- = . - . . .
~ Kaza Group setmsediments - . o o
;-Hiette Group letasedhents T -

T x4 »>»oo ,.:’9 DN

0.72°
S Rl n

...'.i_'—»-» —a .' A*Jx

.7
k|
Q

0.70

- Leucocratlc Gnetss © . D \

s 18 o s

.' Flgure 63 8 18 0 v Sr 87/88 1nlt1a1 rat.lo plot f'or the roclaa of the

Halton Gneiss Conplcx




tas

.durmg the Tahltanuan Orqgeny and consrsted of Iow pressure sulllmanute .grac

' two ma 1or fol"

4
>3

i

"7 The nature of the Rocky Mounts'vn Trench

- No correlatlon was found between the formatlons on opposnte sudes of the

.'Rocky Mountaln Trehch The. gnelsses west of the Trench in the, Malton Block consnst of

a blmodal sunte of Archean orthognersses mtruded by a Hudsonlan peralkallne gramte T

gnelss wrth further mtrus»ons of peralkahne granmc as. well as alkah basaltlc magmas

~ during the Upper Proterozonc and the Cambrran The gneisses east of the Trench are v,

comprlsed of three apparently unrelated outcrops The Mount Blackman Gnelss is the

earliest and consnsts of probable early Proterozonc rmmature gt;anltlc sedlments g
o metamorphosed at about 1900 Ma and 900 Ma The other two are orthognelsses The
: Bulldog Creek Gnelss was apparen;ly mtruded as a granodlorlte perhaps at about -

. 100 Ma and the Hugh Allan Creek Gnelss as a gramte at about 800 Ma

' The metasednments west of the Trench conslst of the Monashefe Horsethlef Creek

4 .,;'Group |n the south and the Kaza Group in the north The Monashee Horsethuef Creek ' _
) : Group formed as falrly |mmature greywackes and llthuc aremtes The Kaza Group formed
‘ ‘, as feldspar poor mature arglllltes and aremtes The meﬂsednments to the east of the '
S Trench; the Mrette Group, formed as extremely |mmature feldspar rrch arkoses -

. Metamorphnsm of the Kaza Group metasedrments west of the Trench may have occurred

‘ -metamorphnsm The major metamorphnsm of the Monashee Horsethlef Creek Group

: metasedlments also to the»west of the Trench oocurred durmg or soon -after the secondf
| of three mamr foldmg eplsodes probably at about 1250 Ma it conslsted of hugh

o : _pressure sulhmamte grade metamorphusm and rrf gmatuzatlon The major metamorphlsm bf'.'

“the Mlette Group metasedsments to*the east of the Trench occurred dunng the seoond of ..

g eplsodes possrbly at: about 900 Ma Ht consnsted of low pressure o

jsnllumanrte grade metamorphlsm whlch did not mclude mlgmattzatron S .'_‘._5 o

ThlS lack of correlatlon across the Rocky Mountaln Trench suggests that ma;or -

o thrustmg across |t has not been the most recent event in thls area lndeed Clague (1974)

states that the Trench Cuts across the (aramlde fold and thrust structures between

' latltudes 47°N and 59°N In the Valemount area the most recent movement on the A

134 .. o EL RN,




- . ‘,'_Trench appears to be normy faultmg (Oke and Snmony 1981) whnch may also be thp

o explanatlon for the ou

.
&

£0s. Qf Mlette GrOUp Metasedlment and Bulldog Creek Gnecss |n
< £
‘lldog Creek area (frontusplece) Cretaceous westward dlppmg

o subductuon may have occurred along the 1me’of the .rench as ls suggested by the

" ‘the. Trench |n the B

o Cretaceous potasslum - argon ages of the formatlons to the east and of the plutons and:_;__" .

stocks to ‘the west of the Trench Thus the Rocky Mountam Trench appears to mark the ;

edge of the Precambr’%n North Amencan Craton as weII as belng a suture lune marklng
‘the closmg of Cretaceous westward dlpplng subductlon along whvch later transcurrent o

‘" and normal faultmg has ocourred RS B ' ‘ oL

. “’7 2 Ge\legscal Hastory of the Area ‘ _ .
| _ A suggested hlstory of the area of the Malton Gnelss Complex ns shown in fugure '
T 7 l ThlS tabulatlon suggests that the area may be composed of at Ieast three and ‘

8 "possubly flve mterlockmg lrthospheruc plates mu:roplates or parts of plates The edges

B "‘of these plates are marked by thlck black Ilnes in ftgure 7. s _-;'"_‘_. .'; L
The' oldest rocks ur; the Comp%nderhe those parts of the Malton Range and the

L Monashee MOuntams whnch compose Malton block Here a bvmodal sunte of Archean :

‘orthOQnelsses appears to have orugmated 30 Ga ago by the separate lntrusnons of mantle
. "dertved ‘cale* alkallne tonalrtvc and alkaln basaltlc magmas or alkah gabbrolc cumulates _
' These formatrons were mtruded at about l 8 Ga by a mlldly peralkallne granmc magma

probably formed by partlal meltu;g of the pre-exlstmg mafuc rock and now formlng a :

-lmeated augen gnelss Meanwhlle the protoluths of the Monashee Horsethlef Creek

[

Group metasedlments were bemg daposuted as mature sandstones and mudstones and at

‘some tnme or tlmes earher than 1 25 Ga were tw:ce lsocllnally folded together wnth the

‘ gnecsses of the Malton Block The secOnd foldmg eplsqde was accompamed by thrustung
on planes dnppmg to the south and was cloSely followed by hlgh grade metamorphlsm to -
snlllmamte ~grade probably at about 1. 25 Gab(East Kootenay Qrogeny of McMechan and

= Prnce 1982) _ _‘ P ,

. . Fresh mfluxes of leucocratlc mlldly peralkalme graﬁmc magma and alkalme basaltlc

- magma probably occurred at about 840 Ma and 550 Ma The: former possubly marks a

‘i-frnftmg eprsode perhaps that of the separatnon of thus mlcroplate from |ts parent piate. If
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"North Amerlcan and Farallon plates' durmg the perlod lOO

foe T

FAE)
[N

a _"so itis contemporaneous Wlth nftlng dated by Klstler and Peterman { 1978) in Calufornla
LA second peruod of nftlng in Callforma (dated by the same authors) ns approxlmately
o contemporaneous wnth the c. 550 Ma mtrusnon of leucocratlc peralkallne and maflc
'_magmas in the Malton Block and the c. 570 Ma metamorphlsm of the Messster Summlt

. Gnenss in the Monashee Horsethtef Creek Block

' A thnrd perrod of foldlng on thls Malton—Monashee Horsethlef Creek plate

produced folds overturned to the northeast and plunglng to the southeast lMorrlson R
o _'1979) These could have formetl durlng a Tahltanlan perlod of easterly dlppmg

' subductlon whlch ended wnth the colhslon of the Kaza Group metasedlments agamst the

. (Monger and lrvmg 1980l Hence thls ma,y mar,k the tlme of colhsnon between the
: Stqkme and Malton blocks Wrangellla ss belleved to have colllded wnth Stlklma in. | _
: mid- Jurassuc to early Cretaceous times (lrvmg et a/ 1981) Hence |f Stlkmua were '.
‘: '~already jomed to the Malton and Monashee Horsethlef Creek Blocks the Jurasslc }
o metamorphusm and deformatlon detected m the latter mayahave been caused by the e
E :, arrlval of Wrangellna %he F. foldlng an- northwest trenglmg axes m the Malton Block may

jalso be 2 response to this event

Northward movement of these now accreted terranes probably did not

commence untul the Iate Cretaceous or early Tertnary lMonger and Irvmg 1980 Irving et

1981) It may have been preceded by Cretaceous westérly dlppnng subductlon along

Alyr of northeasterly re:&lyptmovement bé tween the
to-69'Ma (flgure"? 2) The

; "Cadomm Formatnon has been recognlzed as evuder;pé of early Cretaceous orogeny ln the
.western Rocky Mountam§ (Schulthels and Mount;oy 1978) Prlce and, Mount;oy (1970)
: demonstrated that premetamorphlc deformatlon and thrustlng in the Selwyn Range :

‘ probably began in early Cretaceous tlmes and had ended by about 1.1 1 Ma, whlch is the

the, follatlon and schlstoslty of the Mlette ‘Group., Royce et a/ h975) have estabhshed a.

’ 3 -sumﬂar tlmlng for deformatuon on the ldaho Wyomung Thrust Belt The Cache Creek

2

137

.
-3

#,

-Block may have arnved at 1ts Mesozom posntlon, 1300 Km south of nts present posmon; -

: “,the lme of the Rocky Mountain Trench as the North Atlantlc began to open= »-‘Rlddlhough . |
iigs2) has suggested. 5@»1505‘

‘. potassnum = argon age of blotlte porphyroblasts grownng at random onentatlons across a

. western side of .the Malton Block. Thls is the. apprommate tlme at whlch the Suklne e
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Group _and gverlymg deposuts were thrust westwards onto the Stlkme terrane at about '

-

this same time (Monger and Irvmg 1980) and it may aiso have been the tlme at wh:ch the.
) Hugh Allan Greek Gne|ss was also thrust eastwards onto the North Amerncan Craton
. (flgure 7:4). When the North Amerncan Craton reached the subductuon zone, subductnon
'would have ceased, and’ may have jumped westward resultmg in the mid~ Cretaceous to. o
‘early Tertaary plutons of the Coast Plutomc Complex (l\/longer and Pruce 1979) , =
Subductuon of the rldge between the Farallon and Kulh’ plates at about 60 Ma .
, would have resulted in dextral transcurrent movement along faults roughly parallel to the |
Kula~North Amencan plate boundary durlng thé period c.60 Ma to c. 40 Ma (deduhOugh
1982) This is consustent with the geologucal evsdence for the tlmlng late Cretaceous or

arly Tertuary) of the northward motlon of Ke Cordulleran exotlc terranes (Monger and’

'Irwng 1980; Irvnng et al., 1981). 11'Atwater (1970) has suggested that the

L4

Kula—Faralion-North Amerlcan tnple junction may have been in southern California'at this
, tume and the rate of movement suggested by Rnddlhough (1982) would allow for at least . - . -
2000 km of relative northward movement between the Kula and North Amerlcan ptates
" : between 60 Ma and 40 Ma. Much of this movement may have taken place on the Rocky =
.Mountam Trench Templeman —Kluit (1977) reported evrdence for approxlmately 400 km ‘
~of dextral transcurrent movement ‘on the northern Rocky Mountam Trench in the Iate
) Cretaceous ‘or early Tertlary‘ Clague (1974) has shown that the southern Rocky ‘Mountain
Trench movements postdate Laramtde structures and Tlpper (1981) using uppgr
,Pllensbachian ammonltes has shown that the greatest relatlve dextral transcurrent
| movement in the Canadlan Cord:llera occurred between the craton and Quesnetha
" The relatlve dlrectlons of movement changed agam at abouf 40 Ma%(f:gure 7.2), as
’ the Kula Plate |tself was subducted northwards and the main process occurnng‘al'ongkthe
western edge of the North Amef‘lcan plate reverted to northeasterly subduction of the .
| Farallon Plate (thdahough 1982) Thls subductnon persnsted untll about 10 Ma, and was
probably responsubie for the Iate Tertlary northeasterly d:rected thrusts in the Rocky-.
Mountains and over the Metamorphlc Core Complexes (Coney 1980) It is also possible
that Stelck and Hedmger"s (1975) Lower Cambr:an archaeocyathnd bearing rocks were
| . thrust eastward at thls txme At about 10 Ma subductlon of the Pacific-Farallon ridge

: ¥ :
|n|t|ated dextral transcurr,en.t mO\!ement north of the ridge, whilst subductlon of the Juan



de Fuca remnant. of the'Féfallon'plaé}ééhtint:_es south "fofhe ridge boundary. - )
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. . l . ‘ . ( ‘a ’.b. .
., Table 18: X.R,F, Analyses on Felsic Gnelss .
: ' ' from MQunf Blackman Sou*h of
Hugh Allan Creek . -
e RS W =
sample:  6151C . 6I5IG" .61515‘ Mean s.d.
' ' ' (n=3)
tnt S - - — ﬁ/W-’\'. o s - - -
si0, . T5.42 76,14 '65.63°  72.40 . 5.87
AP . 13.44 43,39 15.06 13.96 -, 0.95
| Fe05 .77 162 7,75 7 3,71 3.50
©oMg0 0.09 0,06 0..05. 0.07 - 0.02
" ca0 0.59 . 0,33 2.12 1.0l - 0.97
‘Na,0 3.93 +° 3,75 3.07 3.58 0.45
K0 4.74 4,71 " 6.02 5.16 0.75
Tio, 0.12 0,10 0.6 0.28. -0.29
'Mno 0.03 . 0,02 0.17  0.07 . 0.08
s _ 0.0f ° 0,00 0.01. 0.01 0.01
Py0s 0 0. B R 0
ce 137 58 e 800" 332 408
La , 63 27 456 o982 . 238
Ba 25. 30 142 . 66 . 66 -
Nb 133 . pi18 74 108 .30
L | 244 . 215 613 . 691 799
Y 122 .0 q] 64 99 3
sP 2z o 4n 47 24 20
kb i85 157 83 132 42
n 56. . 57 127 80 4]
Cu 4. -~ ...3 10 6 Iy
N o 3 3 | 2 1
co : . _
cro - 9 12 <2 7 . 6
i R _
Yy /Nb 0.92 * 0.94 0.86
D.F. . 42,0 424 +3.0
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9.2 Appendix B (X.RF. Analyses of Mgtasedimentary Rocks)
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Table 21: X.R.F. Analyses on psammites from Roblina
Creek Area. ,
Sample: 6409A 6411A 641I1C 6411D 64111 Mean  s.d.
o (n=5) ™
sio, 87.45 86.11 86.84 '85.88 B87.54 86.76 0.76
Al,0, 6.80 6.69 6.84 7.3 6.7} 6.87 0.25
Fe,0 1.43  2.36 1.60 1.67 1.48 .71 0.38
MgO 0.97 .10 1.02 1.07 0.94 1.02 '0.07
Ca0 0.34 1.00 1.06 L. 14 0.84 0.88 0.32
Na,0 2.14 1.92 1.86 2.00. 1.55 |.89 0.22
K,0 0.71 0.62 0.59 0.70 . 0.74 0.67  0.06
Tio, 0.21 0.26 0.19 0.21 0.22 70.22 0.03
Mn O 0.03 0.04 0.06 0.07 0.04 0.05 0.01
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00
P,0s 0.02 0.07 0.06 0.07 0.04 0.05 + 0.02
Ce 60 38 54 . 54 44 50 « 9
La 20 I 12 4 8 12 6
Ba 104 79 69 87 107 73 40
Nb 5 5, 4 4 6 5 |
Zr 144 132 120 Li5 155 133 17
Y X 9 12 I P 12 9 4
Sr 60 69 56 57 - 47 58 8
Rb 29 34 39 38 35" 29 12
Zn i8 25 ] 16 19 i9 4
Cu . 5 6 6 5 5 2
N i i0 4 4 8 6 5 3
Cr 21 24 18 19 24 17 8

Li
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Table 22: X.R.F. malyses on pelites from
Robina Creek Area
Sample: 6400B 6400C 6409B 6411E = 6411G 6411H Mean s.d.
' (n=6)

Si0, 57.84 55.94 55.38 55.89 52.49 54.83 55.40 1.75
Al,0, 24.67 26.65 29.07 27.55 27.96 27.71 27.18 1.65
Fe,04 7:93 7.77  6.05 7.79. 8.55 7.23 7.55 0.85
MgO0 2.95 .2.68 2.37 2.53 3.50 2.46 2.75 0.42
Cal 0.32 0.30 0.09 0.17 0.40 0.47 0.29 0.14
'Nazo .22 1.55 .68 2.01 1.48 1.37 1.55 0.27
K,0 4.55 4.50 5.04 3.65 5.03 5.33 4.68 0.60
Tio, 0.84 0.89 0.62  0.78 0.97 0.96 0.84 0.13
“Mn0O 0.10 0.08 0.06 0.09 0.09 0.08 0.08 0.0}
S .0.03 0.02 0.04 0.00 0.05 0.00 0.02 0.02
P,0s 0.18 0.13 0.09 0.13 0.17 " 90.12 0.14 0.03
Ce 76 72 99 90" 98 100 89 12
La 39 37 52 37 35 41 40 6
Ba 732 723 1406 65 | 913 957 897 276
Nb 18 20 12 17 20 23 18 4
Zr 168 177 98 130 188 250 169 52
Y 46 37 32 51 £48 48 44 7
Sr 137 159 250 133 443 101 154 51
Rb 184" 200 195 |46 203 188 186 2
Zn | 90 92 59 145 108 121 103 29
Cu 36 25 20 10 42 21 26 12
N 22 23 | 4 36 2| 4| 26 10
Co -

Cr 99 113 101 113 125 9 112 10
L1
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9.3 Appendix C (Isotope Data) - 4 ‘ S .
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Table 34: Measiremnt ot Laboratory Blank = i .o

«.....Date

Laboratory

" “nanogm

.88

*Cse

49718 L
918
CWgre T
vt
1980,

L.

1979

1981
1981

Sl i

Geol 268« - hBi4L il
L : 12.6-

PN T

'Cheh

"

Do

s

S 1.2
PR 5.4
s T ala
wa66 - 8.7

N I
el L ® ey ar e wee as

Cmn Wil

6.3

< dp 4T s 0 e v A “
. 3 P :

Y TS

LY

- .

-

o .4
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“* not included in isochron calculation

| Table 35: Rb-Sr Date’on Grey Gneiss .
Samp | e loc Sij/86Srfé% ,875 /86'F+2d;
. 75498 . CN 0.586%12 0. 72750+|o
. 5810. 7 oN - . .0.929%19 " 0.74547%7
5811 N WIE 0.75158%14
*58428°. MR 0.644%13 0.73434216
5842C MR . i.Q4%2 L 0.74728%5"
'5843A. MR -’ 0.806%16 ° :'..0.73643:5'
58438 ‘MR 0.882%18 0736528 .
 5843C MR - 0.862217 0. 73676+7f:,
[ X5844A . MR 0.69614 10.73799%5
58448 O MRML 05283 | 0. 7749128
'id*5844Dx7 g uasoire LT T 0T Baesea L
L *5893CT MR - 138370 Lo 0:77397%10"
CIN5894D . . MRT e 0.493215 0.7578722
*5897C MM "1}04+2 5 EURRR O &' AT o S
+5899A.L. MM 804 ..ﬁo‘]44&4xq,,ﬁiﬂjw;,
5B99E MM 17724 1 0.7764712
*59016G MM 0.6171%12 70,72369+2
S901H. MM  0.585%12 0.72542%10
59038 ON. 2.08:4 - . 0.79164%6
*5903p ON ~ © 2.29%¢5 . . . 0.78503%5
*59031 ©  GN. . 0.722%14 | 10.72629+M4°
*61536 MM 2.20%4 ' 0.78699+0
6154C MM 3.08%6 0.82675%8.
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Table 36 Rb Sr Dafa on Maflc Gnelss WesT of RMT

u;87

IWSSQZ‘ ; v;CN ‘ 0.0839;|7-> ;70793ggﬁ15i,

5803
*5804

%5805 -

CN.
CN
CN

0.281%6
 0.446%9
0.362%7

7102928 "
L71216210 -
712298

. 0.153%3
0.45229.
(3277
(880%1a
339*7“‘
L840%77.
L5735 10

- °5806- ... CN
- *5807 .~ CN
. *5808 _ CN
%5809 7 CN
B R
~ *58198. SMRDC
"SgotL.ﬁnffMM'“'
590IM. MM

70932515
;7]355;9: ! i.:;._u
736210
771444215
o 7107516
0.71156%8
Y 71332500
-377;12»j:'ﬂ?]”1’ 071235807 e e
. 642:13 L 0.73241%7
AEI52M . MMT 0. 278+6;{1331;,f;].rgo;71423:7f5{;,
61525 . MM Tn.i7x2 T 0171707¢3
RETIEr Y MM7*"'-Q 497:10 - . 0.71460%12
AC 12 CN  0.650%13 0.73176%9
*ACI3 - CON.- -~ L.50%3 - ... 0.72515%5
*ACI4 . TN . 0.237%5 0.71131%8

o o 0o o o o C?"

Q

a

':.io o O 'I‘IO : O: O_. o' o o

o =

“-

. T l :

. v L. . T

. - 'Q - Yod :

. . . o - R
e e . . ~
) B PR - * bl

. - s )

* not included in fsochron caleutation . ' ~oo 00 UL S
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’ ER s P

o BRI T'ab“1337‘9vb'5rda‘fa on Au§‘er'\ Sneiss

- sample “j°9~"3’57§b/?§53z2$_ e BleBhiiag

CT89016. - MMt 2044 fw”& t o u.7s779sB
5901C ... . MM, X A, 63%F o '0.75194% 12
590N L. MM. :  0:241%5 .l . 0.71867¢t1

61521 4.02:8 0.B1489:F T ]

L ErRaE " o 2sase o 18e20es

*61548 MM 7.09%14 0.83009% 14
e . | |

.5-.,..‘ W A e e~ e e

“© 7% Tnot included in.sochron calculation =~ . - oo -d =T

@
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R 5 4 99

- ~-550 |- .
*5819 e

*sgolwhﬁ
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Table 38

Lp

Rb Sr dgja en-Leucocro+uc QWGASS .
87

hl*h

87Rby ‘S

L3

%

¢/ 6§E¢

B?OO“e,

5816

5817
58207

v

582
5822
5823 __
5840A
*5845A
58458

;m55456
%5886

590.1A

'*59010

*59015,'

- - -

*5901F-75
*5901(“

59OIJ

59015
590U

6152E
,ACll"

“:ON.

- R

ﬁiMﬁl'

oMM

Cee WCN e

,fC&fj -

on }
CN
CN -

MR
MR
. MR
MM
ZMR

MR
MR -
_MR.. .
- MM
MM
MM

MM -
SMM L
MM

MM

MM

CN

HiNb_

HiNe
Hle'4
_LoNb
_HiNb’_
QM}NR;‘
HiNb

HiNb

CHIiNB

HiND
- LoNb

" LoNb
" LoNb

“HINb - <
..LoNb
L HiND
LoNSf‘
LoNb "
“LQNb -
;Hij7t
CHiND
HiNb

HiNb

HiNb

LdNb

. LoNb.

L~

-

59382
B8.21xi6- - * -
1.61¢3
5.46%1
'9.52%19
' 6.68%13
9.58%19
. 7.7816

3.5887. .

4.95£10

o]

l3+2

-«r«‘r Q ¥782+|'@&‘

2 93*6
4 961[0
2. 10+4°

‘ 2 77+6

’éié{6£|é"“
:4,43391:‘,'”\

8.40+17

346087

3. 58+7
0. 458+9
4, 30+9

0.960€19

19.92%20

-+ 5,441

s

. o

-

-

s

$

Q“O © Q.OA O @_"“

3

}

i

]

. 0 74|4O+8__:

t

ogooo"OOoo'

:7189|+;df

. v

404-

-7ll68;|5j
7407256
L7479 016
72912+ 14
.73933+7. -
.77878+|6 
(7739511
.72328+7
.75498=+7
.82737%7
-80395:3i
:82413£16
.80161+8
.75575210
+78196:8:
77513518 -
73128224 |
0. 8YOI9+|4;.;_-.,
=0 8!280+|2 '”

=0 77678*8?;'
O 74}0914A. 
O 72841+8f

- 0. 7!64B+26"
0-8‘595#L8
:0.7531026

8

- * not included :in isochron calculation ..
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- Table ;9:

'ff”.v '_ '. o 208 .

Rp= Sr Dara on me#asedlmenfs trom the HorseThlef
Creek Groqg ,‘ 4;;4-7“

‘“éampleA:.

EI 87Rb/ Sr+2% —' " 878 / O';<,"

58884

’58888v
5888C

[694% 4 - 
2615 |
L0210 -

.73129112
.72123%12
.79702%1 |

o-u o o
o o o o

* 5891 EF N .934%1.9 .78031+13
<t - . . '., £~ - . P
- > W e g e e P e e L S e e . o A_,,,‘a'aﬂ«" bl - - i
~ 7 T = g
. >
Y, 2

L B8EER Y e

A

Table 40:

5818A
5834

5835C

58368

5854 ™

PR _‘A_.".er*' LT ,‘.-
o o -‘5.,.]*'3‘.0,.., Y P

Rb-Sr .Dats d# metasediments from the Kaza Group

2“47¢5f '. : 0.75306%16 e
1.33:3 0 0.76385:8
[ 0.283%6 | 0.764821£14 =
1 0.590%12 . 0.76575%9
G s asage
G643 sl oo 0.74965:42 0

‘58554 4.89:10 - 0.75080%5 Y
75856 ' o~925+rsg- 0:73726%4
”‘: 5857Af-f“ L4073 ,““” RN TR T i
58578 - - - T€.3sEis T UO.77335126LM: ]
590 1K 2675 L .;_0.7422516
EEEZY e B2 e b o .0 81480 EE T
C6152W ¢ 0.5+2 " = ‘ ;"' 0 0.83269%8 . - .
6153E 0.733%15 o, 7350r+||"‘
6400B « . - 3.15%6 0.78489% 1
6411A | 28473 L 0.78655:17
. 64iiC |.B1t4 . 0.79193t6.
salic 3.70%7 . © 0.78820%4
IR R D is . o
- * not included in isochron calcu]ation~

’ . : ~ 4
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Table 414',Rb~SrIDafa oﬁMHuqH'AfléH”Creek,Gngisss
“Sample oo f 87Rb/865ri,2% vl. ‘87Sr/$63fi ZU.Q
6151C . 34.7¢7 1. 11936210 ’
61516 30.026 A |.07032+30
I TU © 4.59:9 : 0.775146
" Table 42: Rb-Sr Data_Mount Blackman Gneiss.
Sample Lith. 87, ;88 87. .86 . -

Rb/“"Sr+2'% | Sr/ . Srt 20 x

5890E  felsic ' 1.63%3 ) . 7589644
5690H - felsic  0.495:10 .72900% 10
5890k felsic 0.937%19 .74219%19
*5890M - mafic 0.194%4 .72042%8
5890R . felsic 0.905%18 . 0.74115%24.
L IX5BOSA L fedsice- 0.553&1k- = T 0T 0.73616%3
'5895H  felsic  0.88818 7383635

s A

 5895P.  felsic - 2.1324
... 5895Q. _ fefsic 1002
L ¥ 58068 felsic 0.970%19
U Er50D | felsic 01,2052
61506 - felsic L1822 . o
. vi._éisgi”' félsic - 2.16%4 '
ke ‘;:6!560 . feﬁsicv:;2.04i4

74339+ 10"

7370428 .

l73682i[2,u e
\ :i447é¥5j‘11':*”
“;';7246f£65"

.751803, y

.75879+7

0

0

0

0

0

°

0 o
0.77428%6° ..
0 o
0

0

Q

0

0

0

* ‘nqt included in isochron -calculation .

¢
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Table 43: PRb-Sr Data on metasediments fromszelnorfh
C cwm-on Mount Blackman . -
Samp1e{ ) -87Rb/86sr12% 87Sr/865}12 - x
5889A 4.05:8 | 10.79030+8
* 58898 0.867+20 0.78644%6
5889 | 9.43:19 0.86559112 |
5889k 0.747%15 0.75246: 8 ~ ° -
58891 2.96%6 0.78461%4" R
* 58890 2.89:6 0.8002216
* 58895 {2022 0.77672+4
»
’%éble 44 :- Rb—é} Data on Gnefsses‘from éuf%ddq,Cregk
5495 © . 0.29816 G.71906+2
* 5831 A 0.75015 0.72051%4
5838 0.0942+19 0.71796%12 .
*5831C 0.849+17 - o 0.72321¢8
58310 |.8%+4 ‘..5 L 0.721737
5831 E IREY- - 0.71832%5
15832 0.219540 0.71446213
x 5333 0.147+3 ~ 0:71652+43
% 58848 0.819%16 0.71920%6
* 6408 A 0.389%8 0.71894%5
* 64088, 0.703%14 L 0.72736%6 .
£ AC40 |.08%2 057262249
*.

not inicluded in isochron calculation



* not/included in isochron calculation

el

f 1
“ Table 45: Rb-Sr Data on mefasedumenf, trom the | |
c Miwffe Group
éamblé“" 7RB/865r 2% 87Sr/865r t 20 x-
*5878A 0.874%17 Q.73479:8 )
55288 6.94%14 0.7438bx14 e
58298 4,138 0.74019:14 * E %
5820C ’ |, 2343 0.725721t6
*5830A 7223 0.73819214
*58308: .06 0.73706%14 ‘
58464 2.49+5 0.72934210
*5B4CE ) 0.687214 0.7289%11
5647 |.88%4 0.7341825
*5840 0.794%16 0.72761210
*5850 0.820%16 0.72346%16
*585 | |.2422 ®5.73789:25 :
* 5852 |.3843 0.73528%3
* 6407 A 1 0.620%12 d.iz}gs;e_
* 64076 0.953219 fo.73082t|o
ACa7 3.79:8 0.75523¢
eag 4.54%9 i0.760491
* A0SO SL1d6 . 0.7560
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