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INTRODUCTION

The main goal of this study is to elucidate the nature and
tectonic signiticance of the profound stratigraphic and struc-
tural changes that occur between the crest of the Purcell
anticlinorium and the Kootenay Arc.

Reconnaissance (1:250 000) mapping by Reesor (1973)
outlined conspicuous contrasts between the thick basal Pal-
eozoic (Hamill-Badshot) succession that overlies the Wind-
ermere Supergroup in the western Purcell Range and the
thin, condensed early Paleozoic succession with overlap-
ping Upper Devonian strata that occurs in the eastern Pur-
cell Range. Reesor also described the abrupt contrast
between the tight upright fold structures in this area and the
refolded, west-verging, recumbent isoclinal folds that occur
immediately to the west in the Kootenay Arc. He also
showed that several small granitic plutons in the area proba-
bly were emplaced while the foiding was still underway.

The rocks exposed in this area {Figure 1-1-1) record both
the Late Proterozoic - early Paleozoic birth and develop-
ment of the Cordilleran miogeoclinal passive margin of
North America (Bond and Kominz, 1984; Bond er al.,
1983), and the late Mesozoic - early Cenozoic deformation,
regional metamorphism and granitic plitonism resulting
from “collisions” between North America and a series of
allochthonous terranes that have been accreted to it (Monger
et af., 1982).

Detailed geological mapping (1:50 000 and greater) was
completed during July and August of 1991 and 1992 within
an area of about 900 square kilometres in the western
Purcell Mountains, between Duncan Lake and the head-
waters of Toby and Jumbeo creeks (Figure |-1-2). This work
will link the detailed mapping along the Kootenay Arc by
Fyles (1964) to the detailed mapping by Root (1987) and
Pope (1990) in the central and eastern Purcell anticlinorium,

The main objectives of this study are: (1} to establish the
nature and tectonic significance of the stratigraphic relation-
ships within the thick sequence of Windermere, Hamill and
Badshot strata in the study area; (2) to nvestigate the
stratigraphic and tectonic relationships between these strata
and the condensed onlapping early Paleozoic succession
that occurs on “the Windermere high’ to the east, below the
Mount Forster thrust fault in the central and eastern Purcell
Mountains (Root, 1985; Reesor, 1973); (3) to establish the
nature, evolution and regional tectonic significance of the
change in structural style between the study area and the
adjacent areas in the Kootenay Arc and in the central Purcell
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Mountains; and {4) to investigate the relatior ship between
the injtial structural configuration of the rifted margin and
the major structures that developed during Me sozoic teriane
accretion and deformation of the margin,

SUMMARY OF STRATIGRAPHIC:
RELATIONSHIPS

WINDERMERE SUPERGROUP

The Windermere Supergroup in the study a ea comprises
the Toby Formation and the overlying Hor ethief Crzek
Group. Although the Horsethief Creek Grcup was pre-
viously undivided in this arca, mappable units can be rec-
ognized within it at a scale of 1:530 000 or greater. Two
markedly contrasting sequences of units have been defined
by detailed mapping of the Horsethief Creek Group in the
study area. Variations between the thin sequen :e exposed to
the south and east, and the thicker sequence e (posed to the
north and west are summarized in Figure 1-1 4,

The southern and eastern sequence is exosed in the
Jumbo, Toby, Glacier, and Han Il Creek drainages. It lies
apparently conformably on cobble or boulder - onglomerate
of the Toby Formation, which in turn rests ur conformaily
on the Dutch Creek and Mount Nelson tormations of e
Middle Proterozoic Purcell Supergroup. The ower part of
the Horsethief Creek Group is in general cha actetized by
fine-grained rocks. A laterally continuous vrit of marhle
and calcareous slate (Ht1) lies al the base. over ain by a unit
characterized by graded beds of slate and netasiltsicne
(Ht2). The middle of the Horsethief Creek Sroup (H-3)
contains abundant discontinuous grit and pebbl.: conglom:r-
ate beds (metre scale) and interbedded pelite. Ioth feldspar
and mafic fragments or minerals are common ir these rocls.
The coarse facies fine upward to overlying elitic rocks
(Ht4). The sequence is overlain by a quartz gri unit, transi-
tional te the overlying Hamill quartzite (Hmt). Total thick-
ness of this sequence varies from a maximum o “about 151}
metres in Jumbo Creek to less than 200 metres ¢ t Eagle Nest
Lake.

The northern and western sequence is well exposed in
Howser, Tea, and Rory creeks and on adjace 1t ridges. It
consists of a lower sequence (Fit3) of rhythyn ically inter-
bedded, thick (tens of metres) feld=pathic grit o1 conglomer-
ate and slate. These coarser clastic rocks are o verlain by a
sequence of dark marble and calcareous slate (Ht6) up to
several hundred metres thick. The upper part o the Horsz-
thief Creek Group (Ht7) contains abundant sl te or pelitic
schist, siliceous carbonates, minor grit, and a remarkable
amount of graded quartz sandstone. Discontin ious gree 1-
stone lenses are common in Unit Ht7. Near tl e mouth of
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Howser Creek. the Horsethief Creek Group is overlain by
upper Hamiil quartzite. In all other localities, the top of the
sequence is not exposed. The bottom of the Horsethief
Creek Group is nowhere exposed in this area. However, the
thickness of the exposed strata exceeds 2000 metres, and
individua! units are in general both thicker and more contin-
uous than to the south and east (as observed by Reesor,
1973).

The divisions of the Horsethief Creek Group in the
Howser Creck area closely resemble the lower clastic, mid-
dle marble and upper clastic divisions deseribed from areas
to the north by other workers (Read and Wheeler, 1976;
Brown ef al., 1978; Pell and Simony, 1987). The southern
and ecastern sequence 15 more similar to that mapped by
Reesor (1973) in the eastern Purcells, although it is thicker
and contains less coarse clastic material than observed to the
east. The top two units of the southern and eastern sequence
(Ht3, Htd) grade laterally into the upper part of the northern
and western sequence (Ht7). Lateral relationships berween
the lower parts of the two sequences are unknown,

HamviLl. Group

TRANSITIONAL UNIT

The Hamill Group {Walker and Bancroft, 1929) lies strat-
igraphically above the Horsethiel Creek Group. Strat-
igraphic relationships within the Hamill Group are sum-
marized in Figure 1-1-5. The contact between the
Horsethief Creek and Hamill groups is marked by a distinc-
tive transitional unit, which is included in the base of the
Hamill Group. The transitional unit is characterized by
quartz and feldspar grit and pebble conglomerate in a quartz
sand matrix. This unit thins to the west and north, and is
absent near Howser Creek. Laterally continuous dolostone
and quartz grit beds are common in this unit to the east,
whereas dolostone-clast conglomerate and rapid facies vari-
ations occur to the west. The lower contact is more abrupt to
the east, wherecas the upper contact with the lower Hamill
Group is more ahrupt to the west, The transitional unit and
its relationships 1o Horsethief Creek and Hamill groups are
in many ways similar to the Three Sisters Formation to the
south (Little, 196{). and the Jasper Formation w the north
(Lickorish, 1992).

REMAINING HAMILL GROUP

The remainder of the Hamill Group, which overlies the
transitional unit, is divisible within the study area into four
map umits, including the Mohican Formation (Fyles and
Eastwood, 1962). The lowermost unit (Hm1) is a clean.
crossbedded quaitzite, with minor quartz grit and pebble
conglomerate, and minor pelite. It lies conformably on the
transitional unit. The middie Hamill Group (Hm2) contains
pelitic schist, impure quartzite. minor carbonate und, most
significantly, greenstone. This unit thins, and contains less
abundant greenstone, to the east. In the Blockhead Moun-
tain syncline, it contains little or no matic material, and it
pinches out. The upper part of the Hamill Group (Hm3)
consists of clean, white quartzite at the base, and interbed-
ded light and dark quartzite and pelite near the top. 1t is
overlain by the Mohican Formation, a calcareous schist
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which is trunsitional between the upper Unit Im3 and he
Badshot Formation. in the Blocchead Mounfiin syncline,
the Mohican Formation contains a distinct, lat rallv contin-
vous orthoquartzite marker unir,

The contacts between Units Hml, Hm2, :nd Hm3 are
abrupt, aithough where the less mature middle it (Hm2) is
absent, it is commonly difficult o distinguist between the
lower (Hm1) and upper (Hm3) cuartzite units The contact
between Unit Hm3 and the Mohican Formation is grada-
tional. The total thickness of the Hamill Grou » varics from
900 to 1500 metres. The sequence described in this study
area bears some marked similurities, as well as several
differences, to those described by Hiy (1974} o the south in
the Kootenay Arc, and by Deviir (1989 to th 2 north in the
Dogtooth Range.

Within the Kootenay Arc (structural domain [; Figure
1-1-3), Units Hm?2 and Hm3 ar2 exposed with n the cores o
recumbent anticlines, and no older rocks have been
observed. An important relationship was doct mented in the
adjacent western edge of the Purcell anticliy orium; upper
Hamill Group (Hm3) directly overlies uprer Horsethief
Creek Group near the mouth of Howser Creel . This cortact
is apparently stratigraphic, and i. s considere| likely, there-
fore, that the lower part of the Hamill may be absenmt
benecath the Kootenay Arc.

BADSHOT FORMATION

The Badshot Formation (Walker and B. ncroft, 192%)
stratigraphically overlies the Mohican For nation of the
Hamill Group. The Badshot Formation is ¢t aracterized by
cliff-forming, white to medium grey, comm:mly taminated
marble or dolomitic marble. At the eastern e lge of the area
mapped by Fyles (1964), marble horizons ens of razires
thick may be separated by grey. locally cal:areous schist.

PuyLLITE IN THE CORE OF THE B1.OCKHEAD
MOUNTAIN SYNCLINE

Silvery grey phyllite and 'nterbedded an calcureous
schist overlie the dolomitic marble of the Badshot Forma-
tion in the core of the Blockhead Mountain syncline. Root
(1987) mapped this unit as lower Index Fo mation, of the
Lardeau Group. The grey phyllite, however, diftes n
appearance from the lower Index Formation exposed to the
west along Duncan Lake. The lower Index payilite or «chist
is characteristically black. commeonly grapiitic, and coa-
tains abundant black or graphitic marbles ak »ve the centact
with the Badshot Formation. Therefore, the schistose rocks
in the core of the Blockhead Mountain syncl: ne are included
in the Badshot Formation

LARDEAU GROUP

The Index Formation of the Lardeau Group is well
exposed in tight map-scale folds within the Kootenay Arc
on the east side of Duncan and Kootenay lakes (Fyles,
1964). The Formation as mapped by Fyles 11964) inc'ndes:
black, commonly graphitic phyllite or sch st of the lower
Index Formation, with interbedded black m: thle at the sase;
green phyllite or quartz-muscovite-chlorite : chist, grey mar-
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EXPLANATION

MAP UNITS

LARDEAL! GROUP (undifferentiated)

-

HAMILL GROUP {undifferentiated)

WINDEMERE SUPERGROUP

G52 TOBY FORMATION
PURCELL SUPERGROUP

<

IGNEQUS ROCKS

JURASSIC (7) PLUTONS (Reesor, 1973)

MOHICAN AND BADSHOT FORMATIONS

HORSETHIEF CREEK GROUP {undifferentiated)

unditferentiated

CRETACEQUS PLUTON (Archibald et al., 1984)

SYMBOLS
// . . P .
7.7 geological contacts  glaciers

oY lowangle normal fauh X % anticline, syncling
/’ thrust fault x5

""" steep faulls (motion sense undetermined)

overturned antiform

ble and minor greenstone of the upper Index Formation. The
lower Index Formation, between the mouths of Glacier and
Howser creeks, contains thin bands of ultramafic to mafic
schist.

SUMMARY OF STRUCTURAL
RELATIONSHIPS

The study area is divisible into three domains with con-
trasting structual styles and tectonic histories {(Figure 1-1-3).
These are, from east to west: the western Purcell anti-

clinorium; a thin transitional belt; and the western Kootenay
Arc.

DomaiN 1: PURCELL ANTICLINORIUM

The map pattern in Domain 1 is dominated by open to
locally tight, upright folds, which deform an upward-facing
stratigraphic sequence. The dominant regional schistosity or
cleavage is axial planar to these folds. Locally developed
shear zones are common and are parallel to the dominant
foliation. Earlier east-verging recumbent folds are preserved
in competent strata at outcrop scale, but do not affect the
map pattern. A later crenulation or spaced cleavage com-
monly overprints the dominant foliation. The youngest
observed structures are locally developed but widespread,
east-striking left-lateral kink bands. Lower greenschist
facies metamorphism accompanied the dominant phase of
folding,

One significant fault was mapped within this domain, in
the easternmost belt of Horsethief Creek Group. The fault is
moderately west dipping and appears to cut the dominant
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folds and axial planar cleavage. Stratigraphic relationships
across the fault are striking and puzzling. Ne: r Eagle Nest
Lake, the fault juxtaposes the transitiona) unit it the base of
the Hamill Group, in the hangingwall, again;t lowermost
Horsethief Creek Group (Hil) in the foorwall. Approx-
imately 1000 metres of Horsethizf Creek Griup strata are
missing. Along strike to the north, in northern . umbo Creek,
the fault repeats part of the lower Horsethief Creek Group
section. Both hangingwall and footwall uiits truncate
against the fault toward the souh. These relationships imply
that the fault cuts a pre-existing structure.

DoMAIN 2; TRANSITIONAL

Domain 2 is a belt of subvertical rocks. " he structura’
style is transitional between that of the Purcell anticlinor um
to the east and the Kootenay Arc to the west. The sirat-
igraphic sequence is upward fucing and is deformed by
upright isoclinal map-scale (k) folds and ductile h gh-
strain zones. These structures deform earlier outcrop-s :ale
1soclinai folds and an axial planar fabric. but r o earlier map-
scale structures have been obszrved in this demain. The

— lq

\

Figure [-1-3. Sketch map sFowing locatior s of structural
domains in the study area.
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Windermere Supergroup Stratigraphy

Northwestern Purcells Sequence

South-central Purcells Sequence

Eastern Purcells Sequence

Warren (this stud Warren (this study) Reesor (1973)
{ ) Reesor (1973)
Upper Hamill Gp. (HM3}
o wiﬂamill Gp. (HM1)
2 Transitional ;
2 w Lower Hamill Gp. (HM1)
c| Tl __ Transitional grits
] Ht7
! graded metasandstone or Hta
metasittstone; minor slate; grit; ) 9
; . i ! slate/phylite & quarizose !
w limestone; minor greenstone schistiquartzite \‘
w \
o \
Q Ht3 \\ Cranbrook Fm,
\ rit
w Ht6 S abundant grit, conglomerate, \ Sy L'_
i marble & slate ~ and slate, volcaniclastic red & purple slates S
- AN material and siltstone -
I N l.lﬂ
= Hts Hi2 S coarse, discontinuous «
i 0
w graded siltstone and slate; N w?ragrggégt:ég;;;:nd w
7] thickly interbedded state & minor grit N w
o pebble conglomerate Ht1 T - E
o marble and slate thin imestone and slate @
T Limit of section Toby Formation Toby Formation )
Figure 1-1-4. Stratigraphic relationships between sequences of Windermere Supergroup across the Purcell anticlinorium,

vergence of the early structures is unknown. The dominant
deformation was accompanied by upper greenschist to
amphibolite facies metamorphism.

Donain 3: WESTERN KOOTENAY ARC

Domain 3, which was mapped in detail by Fyies (1964),
is characterized by the more intense and complex deforma-
tion that is typical of the Kootenay Arc. Large-amplitude
(10 km scale) west-verging recumbent folds were deformed
by two phases of upright, tight to isoclinal folds, under
conditions of amphibolite facies metamorphism. Much of
the stratipraphic sequence is overturned, and along the east-
ern boundary of the domain, the sequence is everywhere
overturned.

The boundary between Domains | and 2 is defined by the
axial frace of an anticline cored by Horsethief Creek Group.
Strata east of this boundary are gently to moderately dip-
ping, whereas strata to the west are subvertical. Although no
significant fault was mapped along this boundary. it repre-
sents an abrupt contrast in metamorphic grade and structural
style.

NATURE OF DOMAIN BOUNDARIES

The boundary between Domains 2 and 3 is defined by a
subvertical, locatly mylonitic fault, which separates the Pur-
cell anticlinorium from the Kootenay Arc. The fault is
significant because 1t juxtaposes an upward-facing strat-
igraphic sequence to the east, against an overturned
sequence to the west. Similar relationships have been
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described along strike to the south by Hoy (1974), along the
West Bernard fault, and by Leclair (1988) along the Seeman
Creek fault. The sense of motion along this fault has been a
long-standing enigma, due primarily to the fact that the
same map unit of the Hamill Group was observed on both
sides of the fault. However, east of Duncan Lake, rocks of
the middle and upper Hamill Group to the west, are jux-
taposed against upper Hamill Group, and, where the fault
intersects Duncan Lake, Index Formation. These relation-
ships imply a west-side-up sense of motion, although this
interpretation requires caution, as the fanlt cuts previously
folded strata.

In all three structural domains, the second-phase struc-
tures are dominant. A poorly understood subhorizontal
stretching lineation parallels the axes of second-phase folds
in all three domains. It is important to note that the small
early folds preserved in the eastern domain are east verging,
whereas the large-amplitude early folds in the Kootenay Arc
are west verging. The younger phase of upright folding in
the Kootenay Arc is coplanar with the second-phase defor-
mation. and similar in structural style. It probably represents
a continuation of the dominant deformation. In Domain 1,
the younger structures appear to have formed under slightly
more brittle conditions than the dominant second-phase
structures,

Granodiorite plutons were intruded late in the main phase
of deformation in Domains 1 and 2 (Reesor, 1973; Warren
and Price, 1992). Abundant granitic dikes or sills were
intruded during the main phase of deformation in the south-
ern part of Domain 3 (Fyles, 1964; Warren and Price, 1992).

British Columbia Geological Survey Branch



Paleozoic Stratigraphy
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Figure 1-1-5. Stratigraphic relationships between lower Paleozoic rocks across the Purcel! antichnorium

A similar sill immediately south of the study area, on the
west shore of Kootenay Lake, has yielded U-Ph zircon ages
of 17325 Ma (Smith ef gl., 1992).

SUMMARY

Stratigraphic relationships within and between Upper
Proterozoic and Lower Cambrian rocks show thar sedimen-
tation during this intervai was punctuated by several tec-
tonic events, related to extension and/or rifting of the North
American continental margin, and 0o emergence of “the
Windermere high™ (Reesor, 1973) as a high-standing conti-
nental crustal block. Regional sedimentation is disrupled at
the base of the Windermere Supergroup, within the Horse-
thief Creek Group, beneath the Hamill Group, and again in
the middle Hamill Group. [mmature grit and greenstone
within the Lardeau Group also imply tectonic events of an
unknown nature. The duration of active tectonism was
clearly longer than can be accounted for by recent models of
continental rifting (e.g., Bond and Kominz, 1984; Bond
et al., 1985). It is hoped that trace element and rare-earth
element geochemical analyses of mafic igneous rocks in the
Horsethief, Hamill and Lardeau groups will contribute to an
understanding of the tectonic settings recorded by these
rocks.

The boundary between the Purcell anticlinorium and the
Kootenay Arc is a steep regional-scale fault. which sepa-
rates rocks with early west-verging deformation, on the
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west side, from rocks with early 2ast-vergin 1 deformation,
on the east side. Relationships within ttis study area
strongly sugrest that the west side moved oy relative to the
east side. Two other significant faults affe:t the western
Purcell anticlorium: a thrust fault in the Hcrsethief Creek
Group near the Purcel! divide, and the Mour t Forster Iault,
which carries rocks of the swdy area in its hangingwall.
Relationships between hangingwall and foc wall stratigra-
phy across all three faults sugzgest that they are influenced
by structures related to the development o the “Winder-
mere high' during Late Protsrozcic/early Paleczoic
extension.
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