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1NTRODUCTIC)N 
The nuin goal o f fh i \  study is to elucidate  the  nature  and 

tectonic Fignificance of the profound  stratigraphic and htruc- 
tural changes tha.t occur between  the  crest of the  Purcell 
anticlinorium and th': Kootenay Arc. 

Rrconnaissancz ( ' :>SO O O O J  mapping by Reesor ( 1973) 
outlined  conspicuous  contrasts  between the thick basal 

Windermere Supcrgroup in this  area ;and the thin,  condensed 
Pilleoroic (Hamill-Eladshot)  succession that overlies the 

nian  strata that occurs immediately to thr east in  the  Purcell 
early Paleoroic  succcssion with overlapping  Upper Devo- 

Mountains.  Reesor also described the abrupt  contrast 
between the tight upight fold structures in this  area  and  the 
refolded,  west-verging,  recumbent  isoclinal folds that occur 
immediately t o  rhe west in the  Kootenay Arc. He also 
showed that several small granitic  plutons in the area were 
prohably emplaced while  folding was still underway. 

The rucks expc~sed i n  this area  (Figure 1-3- I J record both 
the Late Proteromic to early  Paleozoic birth and develop- 
ment of  the  Cordilleran  miogeoclinal passive margin of 
North America #:Bond and Kominl, 1YX4; Bond r f  al., 
1985). and  the L,xte Mesozoic to Early Cenozoic  deforma- 
tion,  regional metarorpbism and  granitic  plutonism  result- 
ing from collisio~~s hetween Norrh America  and a series of  
allochthonouc terTiinl:s that have been accretcd to it (Monger 
t'f ul.,  IYX2). 

greater) was bcgun during July  and August of 1991 within 
Systematic dec.ailc:d geological  mapping ( I  :SO 000 and 

an area of about Y O 0  square kilometres in the western 
Purcell Mountains,  between  Duncan Lake and  the head- 
waters of Toby and Jumbo creeks  (Figure 1-3-2). This will 

(19641 t u  the detaild mapping by Root (1987) and Pope 
l ink the detailed  mapping along the  Kootenay Arc by Fyles 

(1990) in the cmtra and  castern  Purcell  Mountains. 
The main  objectibes of this study are: 
0 To  establish the nature  and tectonic  significance of the 

of Windetmrre.  tiamill and  Badshot strata in the  study 
stratigraphic  relationships  between  the  thick sequence 

cession that ocI:urs on "the  Windermere  high" in the 
area and the  condensed onlapping early  Paleozoic suc- 

adjacent  area. t d u w  the  Mount Forrter thrust fault, in 
the  central  and  eastern  Purcell  Mountains  (Root. 
19x5); 

Genlo~+a/ Firla'wo.*k 1991, P q x r  1992-1 

0 To  establish  the nature, evo ldon  an J reg mal tcctonic 

the study arm and  the adjxcnl  areis in ?e Kontcn;ly 
significance of the change i o  structlral ! yle bl:twc:l:n 

Arc and the  central Purcell IMountains; 
0 To establish the relative t i n x  relatio~~ship between t'le 

metamorphism; 
intrusion of  granitic pluton! and th': def Irmatim ;\lid 

0 To determine the pressure  and temperatu -e conditi m s  
under which the  plutons  wcre  emplaced  and t.le !LIT- 
rounding  rocks were dc fo~n led  

0 To  date  the  plutons,  the  metarnorph  sm  and the 
deformation. 

STRATIGRAPHY 

HORSETHIEF CREEK GROIJP 

primarily in the upper part of the Horsethief ' :reek Grcup; 
Mapping during the 1991 field seasor, was  concentrated 

mapping will be extended east ~ u f  the  Purcell c (vide in I 'N2 

Toby Formation, which unconf~:~~~mably overli :s the Pur8:ell 
to includr Ihe base of the Horx  hief Cr8:ek I roup :md the 

Supergroup.  Five mappable units were  icentif ed within the 
middle 10 upper  part of the Horwthief Cl,eek iroup :Figure 
1-3-3). In  ascending order, this,? unit;  are: [Htl) a (!ark 
limestone  and calcareous argillit:; (Ht2j a l ip  i t  grecn-grey 
argillite  and  muscovite-quarlz  schist: (Ht  i j  a g:o:?-ser 
grained, dark grey-green,  micaceirus  qumtzite md quartzose 
schist,  capped by (Ht4j a  sequenc'e of intf:rbed led lipht grey 
or white  grits,  quartzites  and thln carbon;~tes tt the emt. and 
by (HIS) interbedded  grits  and tlolostonr:-clasl :onglcmer;lte 
to the west. The  lower units  are I .Iterally :onti IUOUS, but !he 

estimated  at 2.0 to 2.5 kilometrt F. 
upper units are not. The total thicknesi of hese ,Init; i >  

Htl:  DARK  LIMESTONE AND ,IRGII.I~ITE 

Creek and in Tea Creek. It consists of dark rey. thinl,y tcl 
This uni t  is well exposed in fle western p, n of "iowrer 

thickly hedded limestone or m;irble, kmlly argillacr.ms, 
and commonly pyritiferous. Thc carbonate i ; intelbedclecl 
with dark  argillite. The base o l  the unit was l o t  o t ~ s e r x d .  
The upper contact with overly nl: argillite w: s not jirectly 
observed, but appears to be abrupt.  Mirimur 1 thickness 01' 

this unit is estimated  at 200 to 1i00 met-es. 

HI2  LIGHT  GREY-GREEN ARI XLLIT:S 

This unit  is a  largely homogeneous sequenc :of light  Iyey 

dark  limestone  and  marble (Hti).  Whz-e no too !,everel!/ 
or grey-green  argillite.  It lies :;tratigraphica ly abJvc the 

deformed, bedding is visible a:, subtle light :r  and darrer 
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- Thrust  faults 

a Accreted  al!ochthonous  and  suspect ... terranes 

Platform  cover  and  miogeocline 
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- - - - - - - - Eastern limit 01 folding and  thrusting 

Figure 1-3-1. Tectonic  map of the  Canadian  Cordillera showing location of the study  area. 
Modified  after  Douglas (1968) and Price (1986). 



grey bands. 1 to 1 0  #:entimetres thick. No changes in grain 
size or  composition  between beds are discernible in hand 
specimens.  Pyrite. is  abundant  and rusty orange weathering 
is  characteristic. Twr';~rd the  west, or  locally  within  high- 
\train zones, this unit i s  a silvery  quartz-muscovite schist, 
locally  containing  biotite porphyrnblasts.  The argillite i s  
recessive  and forms  valleys. such as those cut  by the north 

poorly exposed. I t  is more  strongly  deformed than the over- 
and south forks of Glacier  Creek. This unit i s  generally 

about IO(X) metres may he in error due to significant tec- 
lying grits and qux'zites, and an estimated  thickness of 

tonic  thickening o r  tiinning, as strain is concentrated in the 
less competent argillites  relative  to the grits  and overlying 
quart~ites. 

Ht3: DARK  GRE,EN-GREY  QUARTZITE AND 
QUAR.IZ0SE  SCHl' iT 

grained dark  schist or  quaruite. Colour and texture are 
The  grey-green agillite grades upward  into a coarser 

variable from a grey, competent muscowte-rich quartzite, to 
a dark  green.  quart^ muscovite-(chlorite) schist or  quartzite 
i n  which tectonic  fabrics are well expressed. Laterally  dis- 
continuous  grit  horizons, several centimetres to several 
metres thick,  contain hhite and blue  quartz pebbles up t o  
4 millimetres i n  di;meter. Feldspar  clasts  are very  rarely 
ohserved with the naked eye. Other primary sedimentary 

Jumbo Pass. on the cast side of the Purcell  divide. Estimated 
muctures were n o t  ohserved. This unit is  absent north of 

thickness  ranges franl 0 to S O 0  metres. 

Ht4: INTERBEDDED  WHITL  GRITS AND QUARTZITES 

Toward the top 01 Unit  Ht3. dark  quartzites are interhed- 
ded with incre;tsin:;lg  abundant light-coloured quartzox 
grits.  The  transition t u  a sequence dominated by interhedded 
grits and quartlite.. occurs over an interval as thick as 
IO0 metres.  Contacts between light and dark horizons are 
sharp.  Where Unit fit3 i s  absent,  the contact between the 
grits and  the underlying  Ht2  argillite i s  extremely sharp. 
The grits are  composed dominantly of pebbles of white 

distinctivr rcd quart?. Feldyxar i s  rare. but locally comprises 
quartz, with les' abundant pebbles of hlue, grey, and rare. 

2 to 3 per cent o f  Ihe clasts. loward the  contact with the 
overlying  Hamill 53roup. beds o f  coarse-grained  white 
quartzite arc increasingly  abundant. In general. this 
sequence  becomes finer grained and more  mature upward 

and include abundarrt trough  crossbds. planar-tabular 
Sedimentary strilcturzs arc more  commor toward the top. 

crossbeds, pebbly Ichanncls up to I metre  across, pebbly 
graded  beds,  and pc\sible  hunmocky  ctoss-stratification. A 
distinguishing 1t:ature of this sequence i s  the (~ccurrence of 
two to  three. metre-thick, tan  and  orange  dolostone  beds, 
about 1 0 0  metres helow the  hase o f  the Hamill Group. 
Individual beds are laterally  continuous  over at least a few 
hundred metre\. 

Ht5: INTERHEDDEU  I)OLOSTONE-CI.AST 
CONGI,OMERP;I'I;..  ARGILLITE AND GRIT 

This unit i s  w~41 cxposed west of Macbeth  Icefield, where 

tureless beds, up to I O  metres thick and laterally  continuous 
i t  overlies Unit IHt3. ;and underlies rhe Hamill Group.  Struc- 

only over tens o f  metres. contain uhundant  orange-tan- 

Geo/ogiCo/ Fic,/dn'ori, / Y Y / .  Pope1 1992-i 

weathering dolostone  cobbles a n d  bould'm, i , a "nlatrlx" 
of white,  blue and grey  quartz ptibbles, rarer eldspar !p:b- 
hies, muscovite and  carbonate. Locally, thin onglomela.te 

are poorly sorted. The conglomerates an: inte .bedded with 
beds  are rich in pelitic clasts. M'ilhin  individu; I beds, cli~!its 

quartzost: grits and minor grr:) argilli.es. ( iradec lxds, 

Trough crossbeds  are  observed more  rarely. ' tes t  of Mac- 
I O  centimetres to I metre  thick, are cotnmor in th.: grits. 

beth Icefield, Unit HI5 is approrimately 200 netre!. thck, 

effects of tight  folds.  Elsewtwe, the unit i s  le's t'lan 
hut the  true  thickness i s  difficl It to  e:rtimal : due to the 

SO metres thick,  although i t  has not been  trace I alon;; stlike 
to  the north of the icefield.  IJ-lit Htti may he a Iatual 
equivalent of Unit Ht4. 

C O N T A C T  BETWEEN HORSETHI~,F C.IEEK AND 
HAMILL GROUPS 

groups varies significantly in the  study area. I was rtuclied 
The contact between the H(or'iethief Creel and Halr i l l  

at severd  localitie$,  primarily  within :he ( lacier Cr:ek 
drainage. The Hamill  Group quartzite W ~ I S  ob! :rved in c c w  
tact with three Horsethief Creel: :;roup map u )its, HtS. 'tk4 
and Ht3. I n  al l  of these localitier  'he  cont,ict i s  nterplste(l as 
sedimentary, hut i t  may he tect'mic i n  the ower p a r  of 

o f  Macbeth Icefield. where  therc is  shearing  carallel to the 
Howser  Creek, where i t  i s  not w:ll expsed, md a h  vil:sI 

contact. 

quartrites of Unit Ht4, the contat:t is  gradatic  nal  and w m  
Where  the Hamill  Group  cvxlies the wI  ite  grits and 

monly  difficult  to map. The  trancition  hctwer 1 the ;;ril: and 
massive orthoquartrite typicall:,.  occurs over 5 :vera1  tens oi  
metres, and quartzose grit or  quartLxobh1 ! bed!. o ( w r  
within the lower several  tens o f  metres of It 2 bast of the 
Hamill Croup. 

Where  the Hamill  Group o\is:rlies IJnit 1113. the  dark 
quartzite and  schist, the contact i;. more i brup , marked Ihy a 
1 to  IO-metre  transition to a light  g'ey c -thoquart::lte. 
Crossbeds  and grit horizons appear to be less 1 ommcn ir the 
quartzite than  when it  overlies Horsethi:f Cr .ek grits. 

conglomerate and grit of Unit t l r 5  west c f  Ma .beth lcef cld, 
The conracr i s  mosr  ahrupt  above  .he  d,lostone--i.last 

where  beds at the hase of  the Hamil Grtup appear to  

overlying  Hamill contains grit units, is we I as latelr.ll!i 
truncate bedding in the conglor.lerate at a Ii w angle. l'ht: 

continuous dark grey vitreou,  quartzices. s :vera1 mttre:; 
thick. 

HAMII.L CROW 
Stratigraphic  subdivision oi  ,he Hanlill  Croup s made 

difficult by lateral variations, I u l t i n g  and lac c o f   c m p l e t ~  

distinct  map  units are recogrlited w i t l in  t le grcup,  hut 
traversable  sections in very rugged topogr Iphy. Scleral 

correlation of units  between  different ar':as i s  tenuous (Fig- 
ure 1-3-3). The sequence  di:s::ribed i n  th s stucly  area, 

differences, to those  described by HGy ,1971 I to the x ~ u t t ~ ,  
however,  bears some marked  sirnilaritizi, as yell a: sewral 

in the Kootenay  Arc, and by I k v l i n  (1989) I the nortl, i l  
the Dogtooth Range. 
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Figure 1-32,  Geological  map of the study area  and adjacent  segment of lhe  Kootenay  Arc. 
Modified after Reesor (1973). See facing page for legend. 
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EXPLANATION 

MAP UNITS 

0 LAFIOE,W GROUP (undifferentiated) - MOHIC.4N AND BAOSHOT FORMATIONS 

0 HAIdILL GROUP (undillerentlaled) 

WINDEMERE  SUPERGROUP a HORSETHIEF CREEK GROUP (undilferentlaled) 

@ TOBY  FORMATION 

PURCELL  SUI'ER'SROUP a undiffei?r.liated 
IGNEOUS ROCKS 

(3 JURASjlC (7) PLUTONS (Reesor, 1973) 

a CRETASEOUS PLUTON (Archlllald ei al., 1984) 

SYMBOLS 

,5:,, geological CO'ltlCtS g1ai:ieis 

w a n g l e  10rmijl fault i( /* anm'ne. vncllne , / IhrUsttauIt Overiurned anf~lorm - --- slei!p lilults jmol80n Sense unde'ermlned) 

stratigraphically above the Horsethief  Creek Group, and 
The Hamill G r w p  (Walker and Bancroft, 1929) lies 

below the Badshol I;urmation. I t  is chat-acterized by thick. 
mature quamite.. in the Glacier Creek drainage, hut a sec- 
tion t o  the north and west near Howser  Creek  contains more 
variable  and generdy  less mature rock types, and locally 
abundant mafic melavolcanic rocks.  Rcconnaissance sug- 

changc to the  south into Hamill Crcel;. These variations 
pests that there may be a similar,  although less marked. 

may reflect  abrupt changes across faults,  rather than laternl 
gradations. 

I n  the upper pat< o f  Glacier  Creek. the total thickness of 
the  Hamill Group is estimated to be from  900 to  IS00 
metres, including the Mohican Formation. The estimated 
thickness 01 I S O 0  mclres  may he due to stratigraphic  repeli- 
tion by thrust faults. 

Hml:   LIGHT GKHY CROSSBEDDED 
ORTHOQUARTZIII.: 

sequence of lig'ht grey, clean quartzite, characterized by 
The base of the Hamill Group is characterized by a thick 

large trough  crosst,eds.  Truncation  surfaces are 5 to SO 
centimetres  apart, and planar. Flow directions  are  difficult 
or  impossible t o  measure  because  three-dimensional 
exposures  are rare, but crossbeds indicate a variety of flow 
directions. Estimatd thickness of this unit is 300 to 500 
metres. 

Hm2:  PELlTlC  SCHIST, SEMIIWLITE AND 
METAVOLCANICS 

bedded quartzite of Unit Hml. I t  consi:ts of intertsedclrd 
A less mature sequence, Unit Hm2, cverlit s the c r o w  

quartz-muscovite-biotite-(chlorik-(garnet) ;chist. lo:;il 
biotite-chlorite-(plagioclasei-(hornblendi)-(garn~::! 
(calcite)  tnafic schist in layers I to I0  metre! thick. some 
impure qirartzite and carbonate, and mincr peh )le or cobble 
conglomerate.  Contact relation5,hips suggest t tat the mi~fic 
rocks were emplaced as both dike,; and f l ~ ~ w s . .  'hin h<~rizons 
of quartz~muscovite-hornblende-garnet <(:hist nay rt:fle<.l a 
volcanic source, and rare mafic clasts ]re f, mund i n  ( : ' x -  

glomerate  lenses  associated ,vi th  the m. fic  s:hi:,ls. 
Quartzite  and pelite are interbed,.led on I sca : of 5 cmti- 
metres to 5 merres. Total th icknw is vel)' Ioos :ly estimat,:d 
at 0 t o  250 metres. The lower  coiitact apl,ears tu be ,ibrt,pt: 
the upper  contact is gradational 

Hm3: MASSIVE WHITE  ORTHCIQUAK::ZIT1~ 

medium-grained orthoquartzite o.:curs in a fe\ ' localitit::. in 
A distinctive,  brilliant  whil,?,  structure ers, I'ine to 

sharp  contact  above the amphibolite IJ' bio ite schizt of 
Hm2. Parting  surfaces thinly cca ed with  fine^ ;rained mils- 
covite are I O  centimetres to I metre ap;lrt. E 1st of M,ount 
Lavina. on the ridge  between the Glaciet. and Hamill cr,::k 
drainages, this unit overlies Unit Hm2. I n  othel localities its 
stratigraphic position is not yet ::lear. Its ma imum thick- 
ness is approximately 200 metre.. . 

Hm4:  INTERBEDDED  DARK A h D  LIGHT Q J A H T Z I T F .  
A N D  SEMIPE1,ITE 

grey  quartzite,  black quart7.ost: Inuscovite-(t otitej scttist, 
Unit Hm4  consists of a h e t e ~ ~ e n e o u ! ,  seql ence ,of dark 

and less common white quarllrlte beds. Be, ~ thicl:ne:!,es 
range  from a few centimetres to ten nxtres. Sedimentary 
structure:$ are rare, hut  subtle gri ded bedding occur!; in the 
quartzose schist,  and crossbed. i n  the li::ht q iartzitt:. 'Both 
upper and lower  contacts are Igradaticmal, although  the 
lower  contact with Uni t  Hm3 i!; mor? abru lt. Es'inwted 
maximum thickness is 1000 m<:t.es n e w  Bloc <head Mcun- 
tain. A minimum thickness of about 100 me res, s.>uth of' 
Mount Simpson, retlects significant tzxonil  atteruat~on. 
probably  along an isoclinal fol:l limb. 

MOHICAN FORMATION 
The Mohican Formation (1:)les and Eas wood l'lti21 

Hamill Gmup and carbonate-rich rocks of the Badsltot '?or.. 
represents  a  transition  between quartz-ril:h se, iments cli :he 

mation. Much of the  Mohican  Folmation is ch tracterizell by 
light to medium  grey,  brown-watherin: qw mz-muscc~\itr: 
schist and interhedded thin tiar metaljiltstor es. The I I , ~ !  
contains quartzite beds which clecrease in a undance a d  
thickness  upwards.  Metre-thi-l: do1o:ilone )eds I I ~ C O I ~ B  
more  abundant toward  the top .md the ::chist I ecomcs more: 
calcareous upwards. 

occurrence of three  closely spaced orthoquarti ite beds abut 
The most striking  feature of  th:: Mohican FI rmation I!, tht: 

S O  to 100 metres  below the  Bad;hot Formatic n. in fhe ( o m !  

of the Blockhead  Mountain syrcline. E:ach If the beclr is 
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Figure 1-3-3. Stratigraphic  columns  from the  study  area  shou,ing  approximate  thicknesses of map  units.  Upper and lower limits 

of columns  represent  limit of exposure or  truncation  along a fault. Column lxations are  identified in Figure 1-3-2. 

about 5 metres  thick,  and  contains  abundant  trough 
crossbeds, very similar  to those observed  at the base of the 
Hamill Group.  The three  beds are a very prominent  marker 
horizon in cliff faces, and can be traced along the entire 
exposure of Mohican  Formation in the Blockhead Mountain 

5 metres  thick,  was also  mapped in Mohican schist beneath 
syncline, a distance of 20 kilometres.  A  white quartzite, 

the  Badshot  Formation  near  Mount  Simpson,  and may 
represent a tectonically  thinned equivalent to the  west. 

The thickness of the Mohican Formation is difficult to 
estimate  because of tectonic  thickening  and  thinning. 
Within  the  highly  strained  rocks of the Kootenay Arc, Unit 
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Hm4 and the   Mohican   Fo rma t ion   a r e   commonly  
indistinguishable. 

BADSHOT FORMATION 
The Badshot  Formation  (Walker  and  Bancroft, 1929) 

stratigraphically overlies the  Mohican  Formation of the 
Hamill Group. I t  is characterized by two rock types in the 
study area, which are not separated  into mappable  units. 
Most  abundant, and  most characteristic, is a cliff-forming, 
white to medium  grey.  commonly laminated marble  or 
dolomitic marble. At the eastern edge of the  area  mapped by 
Fyles ( I  964).  marble horizons tens of metres  thick  may be 

Brirish Cnlumhiu Geological Survey Branch 



separated by grey, .ocally calcareous schist. The schist 
varies in thickness f r m  several  metres to 100 metres. It  is 
possible, however, that a single carbonate  horizon  has been 
duplicated by faultin:: or  folding, and the  schist  belongs to 
either the underlying  Mohican  Formation  or  overlying 
Index Formation. 

P H Y L L I T E   I N  T H E  C O R E  OF T H E   B L O C K H E A D  
MOUNTAIN SYNCLINE 

A homogeneous, dvery  grey  phyllite overlies the dol- 
omitic marble of the  Badshot  Formation in the core of the 
Blockhead  Mountain  syncline. Root ( 19x7)  tentatively 
mapped this unit a:; the  lower Index Formation of the 

appearance from the lower Index Formation  exposed to the 
Lardeau  Group. The  grey  phyllite,  however,  differs in 

west along Duncan  Lake. The  lower Index phyllite or schist 
is characteristically  black, commonly graphitic,  and con- 
tains abundant hbck or graphitic  marbles above the contact 
with the Badshot Formation. 

LARDEAU GROUP 

exposed in tight ma7-scale folds within the  Kootenay Arc 
The  Index Fcsrm,rtion of the Lardeau Group is well 

on the east side of Duncan  and  Kootenay  lakes (Fyles, 
1964). The  formation as mapped by Fyles  includes:  black. 
commonly graphitic.  phyllite or schist of the lower Index 
Formation, with intcrhedded black marble at the  hase;  and 
green  phyllite  or c!uartr-muscovitr-chlorite schist, with 
quartzose  laminations, of the  upper Index Formation. I t  is 
not a goal of this stl.dy to remap the  Lardeau Group in this 
area, hut two  observations which differ  from those of Fyles 
are worth noting. 

Southeast of Mr,unt  Lavina,  plagioclase~actinolite  or 
horliblende-bioti1.e-chlorite-(epidote) greenstone, 20 to 30 
metres  thick, is interxlated with green  and  beige,  laminated 
muscovite-chlorite-llua~~ schist. This  sequence is exposed 

overlie  the uppei- Index Formation. 
in the core of a syicline and appears  to stratigraphically 

Glacier and Houser creeks.  contains at lcasf one thin ultra- 
The  lower Index Formation,  between the mouths  of 

mafic to niafic unit, which varies in composition  and  texture 
from a green tal~:-clllorite-(antigorite)-(magnesite)-(calcite) 
schist  to an equigranular to well-foliated  plagioclase- 
hornblende-biotite-(chlorite) gneiss or schist with strongly 
sheared  chloritic  schistose  margins. 'The unit is up t o  
30 metres  thick. arid has been traced  south for  approx- 

(E. Lawrence, per!.onal communication), parallel to the 
imately 3 kilornetres  from  the hend in  Duncan  Lake 

dominant schistosity.  Repetitions of this unit may he the 
result of isoclinal fctlding which also deforms the dominant 
schistosity. 

STRUCTURE 
The overall  map pattern outlined by Fyles (1064) and 

Reesor ( 1973) has not been changed  significantly as a result 
of this  study.  However,  several  important new observations 
contrihute to the urderstanding of the kinematics of defor- 
mation in this pa.rt cf the Kontenay  Arc and adjacent Purcell 
anticlinorium. 

S E Q U E N C E   O F   D E F O K M A T I l : > N  

study  area: (1) early large-scale  west-vergin; recumbmt 
Three main  phases of deformal.on  are recognized in the 

folds (Fyles. 1964); ( 2 )  a dominant. phase If  up ight or east- 
verging folds, associated with s t l ~  p ductile she u zon5:s and 
a pervasive  subhorizontal north-south srretchi Ig Iincat:1011; 
and (3) a late crenulation or spaced cleava:e which is 
probably not correlative  across the entire  area 

Prograde  metamorphism  up to li.arnet g-ade i ccompanied 

graded garnet polphyroblasts  show that th: gan et iso;:racl is 
Phase I or the early part of Pha:,e II deform tion. Retl-(1- 

considerably farther east than  s'lown by Re :sor (1973). 
WidespreJd retrograde metamqlhisrn  yoba' 'ly occunr.d 
late in Phase 11 deformation. 

confined to the Kootenay Arc  (Reesor, 1973). i re presencd 
Minor folds related to Phase 1. previomly t rough. to be 

in competent rocks as far east ;IS Jumbo Pass These fi3ltis 
form Type 3 interference patterns with you: ger, upri1;ht 
Phase 11 folds, but do not affect the map patte n as t;iey do 
in the Duncan Lake region. 

tal lineation.  It is expressed in ~quartrosl: rock its mullions 
Phase I I  fold axes  are parallel to a distinctivt subhor im-  

or quartz rods at a wide range ,oi' scales, as a! inter:;ect~on 

rocks, as  boudinage in rocks of ,variabk  rhe( logy, and as 
lineation or mica and quartz mineral lincatior in sc?ist<xe 

strongly  stretched clasts in grits 2nd congJome -ates. Aspect 
ratios of stretched clasts  are as hlgh as 50:l. "he plilngt: is 
most commonly shallow to 330" to 340". althc ugh domains 
of southeasterly plunge  are not u~~commc~n. Tl e line;~tion is 
pervasive  within  the strongl:) deformed. overturm:d 
sequence of Hamill Group, Badstlot Formatior  and La rk ru  
Group to the west, but is very well developed n high-strain 
Loner as far east as the  Purcell civide. 

The Phase 11 schistosity or cleavage also decre.ise: in 
intensity  from west to east, hut is locally stron :er in ductde 
shear zones, parallel to the  ax.al  surf;ses I f  map-s(de 
structures.  A  variety of complex lolds and fau ts are c l f w l y  
outlined in the Blockhead Mourttain syncline by the tttree 
marker heds within  the Mohica.1 Fom1:ltion. and  indicate 
that the syncline is internally complex. T h t  se  structwes 
include  megascopic  boudinlj!e,  duplexe  and 1arg.e- 
amplitude, repeated  isoclinal fulds. Ttle Pt ase I1 f;d?ric 
varies in orientation from  east-dipping I O  we it-dipping. A 

not been recognized  yet. Thc variation m; y be duc tc 
pattern to  variations in orientatio-l of Phase 11 itructllre;s has 

fanning of Phase I1 structures,  changes in or  mtation with 
structural  level, or disturbance by Phase 111 s ructures 

The  Phase Ill deformation is coaxial with I hase I1  iln the 
western part of the area  (Fyler, 1964), but ( uts otllicpf:l) 
across  earlier structures in the  e:~.stern pirt of the a ~ e a .  

TRANSITION FROM P U R C X L L  ANTIC LINORllllM 
TO KOOTENAY ARC 

of the  complex fold style in t te  vicin ty 01 Dun(.an m l  
Fyles' (1964) mapping providl:d thorough c xumcntation 

northern  Kootenay  lakes.  A layely inverted sf quenc? rs?pre-- 
sents the lower,  overturned  limb of :I larfe  southnest-  
verging  recumbent fold, which c oses  uest of Iuncan Ihke. 
This  structure is isoclinally  refolded by y lunge", )tight, 



upright folds  (Fyles, 1964). Reesor  (1973)  reponed a  "sud- 
den  change of folding  intensity" several kilometres  east of 
Duncan Lake, within the westemmost  exposed Horsethief 
Creek Group.  This  change separates  rocks of the western 
Purcell  anticlinorium from the more  complexly  deformed 
rocks of the  Kootenay  Arc to the west. To  the east,  Reesor 
(1973)  documented an upright stratigraphic  succession, 
deformed nnly by less  tight,  upright or  steeply  east-verging 
fnlds. It is important to note that the  geometric relationships 

for the upright limb of the  west-verging recumbent  structure 
shown on Reesor's  (1973)  compilation  map  allow n o  place 

mapped by  f:yles to "root" to the east. 

from the  "est flank of Mount Simpson, north of Glacier 
A  well-developed  ribbon mylonite zone  has heen traced 

Creek, to south of Hamill Creek. To the north.  the stratigra- 
phy is disrupted at the  edge of Duncan Lake,  suggesting that 
the  fault  continues.  The  fault  lies  primarily within the 
Hamill  stratigraphy, but juxtaposes different parts of the 
Hamill Group.  The regional  subhorizontal  lineation.  includ- 
ing  stretched  pebbles. is particularly well developed  in  this 
zone. Shear-sense indicators observed in outcrops within 
the fault 7one include C-S  fahrics  and strongly asymmetric 
minor folds.  Thc  dominant  shear  sense is dextral,  although 
in many places  indicators are  ambiguous or lacking.  The 
amount of fault displacement  cannot be estimated. 

Along strike to the south, a similar  change in fold style is 
also marked by a fault zone.  the West Bernard  fault of Hoy 
(1977:  or the Secman  Creek  tiult of Leclair (1'2x8). East- 
verging  reverse  motion was inferred in the  Riondel area, but 
conclusive  evidence was lacking (Hoy, 1974). 

REL~TIONSHIPS BETWEEN INTRUSIVE ROCKS 
AND DEFORhlATION 

small,  elongate  and locally deformed hornblende biotite 
Three  types of intrusive  rocks are  found in  the  study area: 

granodiorite plutons (Jurassic?; Reesor, 1971). fbliated fel- 

area, and larger two-mica  quartz monzonite  plutons (Cre- 
site dikes which are common in the  western  part of the  study 

taceous Fry Creek  batholith:  Reesor, 1973; Archibald et ai., 

and  thc  felsite dikes were  intruded during the latter part of 
1984). Field  relationships  indicate that the elongate plutons 

Phase II deformation.  The dike  margins.  foliation and  elon- 
gate  xenoliths  are  parallel to the  Phase 11 schistosity and 
axial surfaces.  The  dikes,  however.  are not themselves 
folded, and  the dike foliation is not as strong as that within 
competent  country  rocks.  The  dikes  are  commonly 

horizontal  lineation. Veins associated with the elongate  plu- 
boudimged, with stretching  subparallel to the  regional sub- 

tons  are  folded by the Phase I1 deformation,  but  not nearly 
as tightly as  are the host sediments.  Some veins completely 
cut the Phase 11 fabric at low angles.  The westem  margin of 
the Glacier Creek  stock is very weakly foliated  compared  to 
the  country  rock,  although the adjacent  Hamill quartzite 
shows  evidence of intense  ductile  deformation  during 
Phase I1 deformation. 

Minor  folds in the country rock are  parallel 111 the contact 
with the Fry Creek batholith within O S  metre of the contact, 
but the batholith  completely crosscuts the map-scale  struc- 
tures.  The  north-south subhorizontal mineral  lineation is 
evident in the country rock, but nowhere in the  pluton. The 
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westem  pan of the  pluton. however, near the mouth of Fry 
Creek  canyon,  displays a moderately  southeast-dipping 
quartz-muscovite  schistosity, and  a  west-dipping quartz lin- 

pluton  suggest that it has been affected by Eocene  extension 
eation. Eocene Ar-Ar  dates  from the  western  part of the 

(Archibald c f  a/. .  19x4). 

tail 11f the Toby stock from the  upper  part of the  Horsethief 
A  spectacular ductile  fault zone  separates  the southern 

Creek  Group  to the east of the  stock. A strong  west- 

developed on a west-dipping  rnylonitic  fabric  and  shear- 
plunging  mineral  lineation,  including  hornblende,  is 

matic on a  variety of scales.  This  fault is also suspected to 
sense  indicators  imply  west-side down.  Boudinage is dra- 

be Eocene, and it is hoped that Ar-Ar dating of oriented 
hornblende.; will help  to constrain  the  age of deformation. 

SUMMARY  AND  PRELIMINARY 
CONCLUSIONS 

0 The middle to upper pan of the  Horsethief  Creek 
Group is characterized by a sequence of five mappilhle 
units. which may  represent  a  transition  from deep to 
shallow water. The  base of the Hamill Group  appears 
to be gradational at  some localities, but not at others; 
and t o  overlap the top three units of the  Horsethief 
Creek Group. 

0 The internal  stratigraphy of the  Hamill Group  can be 
correlated quite  closely with that described by Hljy 
(1974) in the Riondel area to the  south,  and less  closely 
with that descrihed by Devlin (1989) in the  Dogtooth 
Range to the nonh; however,  in  the Glacier Creek area, 
immature  clastic sediments and  volcanic rocks  are 
much less significant in the  middle of the  Hamill 
Group than in the regions to the nonh and south. 

0 A  prominent  subhorizontal  stretching  lineation associ- 
ated with the development of Phase 2 structures is 
pervasive within the Kootenay  Arc,  and  widespread at 
least as  far  east as the Purcell divide. 

0 A well-dcveloped,  sleep  ductile  mylonite Lone sepa- 
rates  rocks of the  Kootenay  Arc from upright  rocks of 
the  Purcell  anticlinorium.  Evidence  suggests  that 
morion was dominantly strike-slip,  although an earlier 
history  may be masked. 

0 Low-angle ductile normal faulting has  affected the 
southeastern pan of the area and  may be associated 
with regional  Eocene extension. 
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