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INTRODUCTION

This article summarizes preliminary results of the
East Kootenay project after completion of onc month of
fieldwork in the Creston map area (82F/2) in 1994. The
project will provide a new 1:50 000-scale geologic map
(Open File 1995-15) and improved stratigraphic
correlations. Mapping concentrated on cxtending work
westward from the Yahk map area (Brown and Stinson,
1993, this volume), across the Creston valley and up to
the Windermere Supergroup. The northwest third of the
map sheet, underlain by Jurassic and Cretaccous plutons,
was not studied

PREVIOUS WORK

The Creston map arca lies along the Internaticnal
Boundary, in the southern part of the Nelson map area
(82F). Initial geological investigations were undertaken
by Daly (1912) as he surveyed the international border
arca in the early 1900s. Complete 1:250 000-scalc
coverage of the Nelson East Half map area was finished
in 1938 (Rice, 1941). Recent 1:100 000-scale mapping of
the region has been published by Reesor (1993 Figure
1). A new 1:250 000-scale coloured compilation map for
the entire British Columbian Purcell anticlinorium is
now available (Hoy ef al., 1995).

Several thoses have been completed in the vicinity of
the Creston map area. Most notable is the detailed
structural study by Glover (1978). His 1:25 000-scale
map of the Summii Pass area overlaps the western part of
the Creston map, area and has been incorporated in this
study (Figure 1). Stratigraphic divisions adopted by
Glover (following those of Rice, 1941) are largely
maintained here. A thesis by Barrett (1982) describes
structures in the Bayonne batholith, along the northern
edge of the Creston map area, that may be related to the
Purcell Trench fault. Immediately north of the Creston
map area, LeClair (1982, 1983) studied the area west of
Kootenay Lake. Farther northeast, two theses examine in
detail the upper Purcell and Windermere stratigraphy
(Root, 1987 Pope, 1989). Significantly, these two works
have substantially different interpretations of the upper
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Figure 1. Location of the Cieston and Yahk map areas (dzrk
hatched rectangle) relative to areas of previously published
geolagic maps. (a) The 1:250 000, 1:126 7.0 or 1:10 000-
scale map coverage includes: Fernie West-half (82G/west) --
Leech (1958, 1960), Hoy and Carter (1988), Hoy ( .993),
Nelson East-half (82F/east) -- Rice {1941} Reesor (1993),
Sandpoint (82C) -- Miller (in preparation), Aadlani and
Bennett (1979); Kalispell (82B) -- Harristn et al. (1992);
Spokane, Griggs (1973), Stoffel et al (1931), Wallace -

Harrison ef al. (1986). (b) The 1:50 000, 1 48 000 and 125
000-scale maps in the immediate vicinity of the Crestor. map
arca include: Burmester and Miller (1983, Glover (1978),
Leclair (1983) and Miller (1982, 1983).
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Purcell stratigraphy, Root proposes that the Mount
Nelson Formation be included in the Windermere rather
than Purcell Supergroup. A thorough geochronometric
study of plutonic and metamorphic rocks in the Creston
map area was completed by Archibald ef al (1983,
1984), including documentation of a Tertiary thermal
event west of the Purcell Trench fault,

Mapping south of the International Boundary
includes 1:250 000-scale maps by Aadland and Bennett
(1979) and Stoffel et al. (1991; Figure 1a). More detailed
mapping adjoining the Creston map arca includes Miller
(1982, 1983; Figurc 1b) and a study of paragnciss along
the west side of the Purcell Trench west of Bonners Ferry
by Nevin (1966).

GEOLOGICAL SETTING

The map area straddles a structural and
metamorphic transition from the Purcell anticlinorium to
the Kootenay Arc and includes important structures such
as the southern extension of the Hall Lake fault and the
northern extension of the Purcell Trench fault (Figure 2).
It provides a unique opportunity to map changes from
low grade, broadly folded, unfoliated Purcell Supergroup
strata of the anticlinorium into ¢quivalent but higher
metamorphic grade and polydeformed rocks. The Purcell
Supergroup, a thick succession of siliciclastic and
carbonate rocks of Middle Proterozoic age, is
unconformably overtain to the west by the Upper
Proterozoic Windermere Supergroup. Small  Jurassic
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Figure 2. Generalized geological map of part of southern British Columbia, northern Washington, Idaho and Montana, emphasizing
the distribution of the Purcell Supergroup, lower Windermere Supergroup (Toby and Irene formations) and major intrusive suites.
Simplified Creston Formation distribution is illustrated to delincate major anticlines. Rectangle marks Creston map area.
Abbreviations: GRA = Goat River anticline, HF = Hope fault, HLF = Hall Lake fault, JJF = Jumpofl Joe fault, MA = Moyie
anticline, MF = Moyie fault, NF = Newport fault, PIF = Purcell Trench fault, RCF = Redding Creek fault, RMTF = Rocky
Meuntain Trench fault, SMF = St. Mary fault, S3F = Snowshoe fault. Modilied after Hoy er af,, 1995, Miller (1982, 1983), Stoffel

et al. {1991) and Harrison et al. (1992).
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plutons and extensive Cretaccous batholiths dominate
regions north and south of the Creston map area. These
plutons have been mapped by Daly (1912), Rice (1941),
Reesor (1973, 1983, 1993) and Milier (1982, 1983), and
studied by Archibald ef al. (1983, 1984),

Most of the mapping focused on the Purcell
Supergroup; with its tripartite subdivisions: lower
(Aldridge and Creston formations), middle (Kitchener
Formation), and upper (Dutch Creck and Mount Nelson
formations, Figure 3). Stratigraphic distinctions and
nomenclature problems arise in this part of the western
Purcell Basin. For example, Kitchener and Siyeh
formations are not distinguishable, unlike farther to the
east, which led to the usc of Kitchener-Siych Formation
(Rice, 1941). In addition, importani regional markers to
the east (Nicol Creck Formation and Phillips
Formation/Bonner Quartzite) are absent or rare. The
Dutch Creek and Mount Nelson formations were
originally defined by Walker (1926) in the Windermere
area and have been extended south to the Creston map
arca. The Windermere Supergronp comprises up to 9
kilometres of polymictic conglomerate, volcanics,
carbonate and siliciclastics. The lower units are gencrally
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Figure 3. Table of formations for the Purcell Supergroup and
their correlative units within the Belt Supergroup of Idaho
and Montana. Nelson East Half from Rice (1941) and Reesor
(1981, 1983); Fernie West Half from Leech (1958); Idaho and
Montana from Harrison ef al. (1992) and Harrison and
Cressman (1993). The transitional member of the Prichard
Formation (Cressman, 1989) correlates with lower Creston
Formation,
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interpreted to record a rifting event and a-e overlain by
more extensive deep-water sediments believed to
represent shelf progradation, although much debate
continues about these reconstructions (Ross ef al., in
preparation).

The Priest River Complex, a north-trending Eocene
core complex, comprises Precambrian baszment gn:iss,
metamorphosed Purcell/Belt strata, and leformed anl
massive Cretaceous plutons (Figure 2; lichrig et al,
1987). It also includes thc Spckane Dome mylonite #onz
(Rhodes and Hyndman, 1984; Rhodes, 198¢-), and Hauser
Lake gneiss. The northern end of the Priest River
Complex comprises Cretaceous graniti: rocks and
amphibolite grade metamorphic rocks der ved from the
Aldridge/Prichard Formation. These granitic rocks ars
the West Creston and Corn Creek gneisses, and Bykeit
pluton (Daly, 1912; Miller, 1982; Archibali et a/,, 1983,
1984; Figure 4),

STRATIGRAPHY OF THE
CRESTON MAP AREA

PURCELL SUPERGROUP
ALDRIDGE FORMATION

The Aldridge Formation underlics abcut half of th:
Creston map area and changes character be ween discret:
fault-bounded blocks, East of the Okell fanli (Figure 4),
Aldridge Formation is unfoliated and low metamorphi:
grade, similar to most of the Yahk map a-ea. Howevel,
metamorphic grade and penetrative fabrics increas: to
the west, hindering subdivision of the frrmation and
locally making correlations speculative The rusty
weathering  (disseminated pyrite  and  pyrrohotite)
characteristic of the Aldridge formation is a useful
featurc used to distinguish it from the gr:y-weathering
metamorphosed Creston Formatien. The inore phvllitic
and sericitic Aldridge Formation adjacent to faults can
rcsemble the Creston Formation, for example 4.6
kilometres north of Creston on Highwsy 3A. More
detailed mapping is needed to define the relationships
between low and high-grade areas. Mariier laminate;
have been identified in a few locilities wher:
metamorphic grade is low to moderate (J. Anderson,
personal communication, 1994}, Primary sedimentary
structures (graded bedding, crossbedding flames and
scouring) are evident lpcally in the lower gride blocks.

CRESTON FORMATION

The Creston Formation is undivided in the map area
because of the superimposed deformation anl
metamorphism. Lower mefamorphic grale exposures;
include waxy pale green and grey, thin-bedded to
taminated argillite (o siltstone couplets, phy tlitic siliston:
and quartz arenite, as exposed cast of North Mar
Mountain (Figurc 4). Local ripple mirks indizate
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Figure 4. Simplified geology of the Creston map area (82F/02).
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Photo 1. Thinly bedded quartz arenite with coarsely
crenulated argillaceous interbeds, metamorphosed Creston
Formation.

deposition within fair-weather wavce base. In this area the
Creston Formation is overprinted by post-tectonic biotite
porphyroblasts. The metamorphosed Creston Formation
consists of non-rusty, light grey weathering, thin-bedded
to laminated muscovite schist, biotite-muscovite-quartz
schist and meta-arenite. Qutcrops 2 kilometres west of
the Summit Creck bridge along Highway 3 are typical.
Bedding and more rarcly crossbedding may be preserved,
even where medium-grained schist with prominent
phyllosilicate crenulation is developed (Photo 1).

The Creston Formation here in the northwestern part
of the Purcell Basin is generally finer grained and
thinner than the succession in the Yahk map arca. The
middle Creston Formation is known to produce strong
aeromagnetic anomalies, for example, in the Moyie
anticline (Brown and Stinson, 1995, this volume). A
1:250 000-scale acromagnetic anomaly south of Wynndel
suggests that the Creston Formation extends to the
southwest under the Quaternary cover in the Kootenay
valley, In the same area there is an odd pattern with two
anomalies of unknown origin. Farther west, a faint and
broad anomaly in the Maryland Creck area may also be
correlated with Creston Formation and perhaps some
mafic sills {discussed later).

KITCHENER FORMATION

Kitchener Formation consists of a basal carbonate
unit and an upper argillite succession in the North Star
Mountain area (Figurc 4). The lower carbonate unit
(Pk1) in the North Star Mountain area is a carbonate-rich
succession about 1000 metres thick, dominated by dark
brown to tan-weathering dolomitic phyllite, dolomite.
dolomitic siltstone with minor limestone (marble), and
lesser quartz arenite. Fine sericitic-rich lavers are
metamorphosed, clayey layers. Pale greenish grey fissile
dolomitic siltstone has a pitted weathered surface where

Geological Fieldwork 1994, Paper 1995-1

Photo 2. Cone-shaped stromatolite from the Kitchener
Formation dolomite 900 metres east of North Star Mountain
{DBRY4-505).

pyrite cubes (up to 5%) have been disiolved. A pale
green phyllitic siltstone and argillite facies within the
carbonate thickens to the south. The medium to thick-
bedded basal delomite, east of North !itar Mountan,
contains rare domal and cone-shaped stromztolite
mounds (Photo 2}, up to 2 metres acioss, indicating
shallow-watcr deposition. These stromatolites are reliatile
indicators of tops and indicate that the so itheast-dippiag
section is overturned. The dolomite unit; produce desp
red-brown seils that help delineate the do omite horizons
in areas of poor exposure. Fining-upward sequences,
pinch and swell, and hummocky becforms suggest
depesition within storm wavs base, sligh ly deeper than
the Creston Formation.

A series of discontinuous carbemate breccia
horizons occur in two areas, Wilds Creek and North Star
Mountain, Those near Wilds Creek are part of a greup of
breccias that extend northward along the wvestern ec!ge of
the Purcell anticlinorium (Brown and K ewchuk, 1995,
this volume). On North Star Mountain, at least thiee
irregular and discontinuous zones of breciia are exposed,
however, their lateral extent is difficult t¢ establish. The
breccias in both localities have similar appear:nc:s,
although, it is unclcar whether they oczupy the samne
stratigraphic position. The North Star Mountain breceia
comprises angular dolomite fragmen's up to 25
centimetres long (average 2 to 5 cm), and rere
subrounded white quartz and arenite fragrients supported
in a light brown to tan carbonate matrix Grey arpillite
clasts occur sporadically. Surface exposu -es are roaghly
pitted duc 1o differential weathering of the difirent
carbonate and argillite fragments. Th: breccias are
interpreted to be karst (solution collapse) teatures.

Above the carbonate succession (Pk ) is about 750
metres of dark grey phyllitic argillite (PE2) that was not
studied.
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DUTCH CREEK FORMATION

The Dutch Creek Formation consists of a lower
carbonate (Pdcl), overlain by an argillite succession
(Pdc2) and locally a laminated unit (Plu}, and capped by
an upper carbonate (Pdc3).

The lower carbonate (Pdcl), dominated by
dolomite, extends from the border northward 9
kilometres to Maryland Creek. It consists of thin to
medium-bedded delomite with green phyllitic layers. The
central part is mainly massive, crumbly, grey argillaceous
dolomite, with interbedded laminated dolomite. Locally,
siliceous knots are common. Towards the top, it is mainly
laminated  argillaceous  dolomitc  with  pyrite
porphyroblasts. This grades upward into light grecn-grey
dolomitic argillite and grey to dark green argillite of the
middle Dutch Creek unit (Plu). Near the top of the unit
quartzite beds are interbedded with the dolomite.

A distinct unit, informally called the "laminated
unit” (Plu) comprises well laminated siltstone that crops
out in several locations. The alternating light grey and
light green laminae give it a distinctive appearance. It is
characterized by its soft, friable and even-bedded
bedform. Uncracked, even clay to silt couplets are
interbedded with thicker, continuous, flat-laminated
sandstone layers. Siltstone layvers are commonly
attenuated and more deformed parts of the unit are
chlerite-sericite phyllite. Planar crossbedding, climbing
ripples and oscillation ripples were observed in some
exposures (Photo 3). The outcrop 6 kilometres west of
Blazed Creek along Highway 3, is marked by fine
disseminated magnetite crystals. It appears to have an
anomalously low metamorphic grade and is only locally
crenulated. Towards the southern end of its interpreted
extent it is mainly thin-bedded light grey to green
siltstone, characterized by tabular bedsets with angular
crosslaminations. This sediment type is not secn farther
south, where the middle Dutch Creck Formation is
entirely argillite.

An argillite succession (Pdc2), dominated by
microlaminated scricitic phyllite with minor deeply
weathered dolomitic beds less than 2 centimetres thick,
scparates dolomite horizons. It is a hcterogencous

succession of black phyllitic argillite, pale green sericite
schist and quartzific schist. A small building stone quarry
in quartzitic sericite schist operates intermittently north
of Maryland Creek.

A succession of dolomite, argillitc and quartzite
{unit Pdc3) forms the uppermost unit of the Dutch Creck
Formation in the Maryland Creek area. The first
occurrence of a thick dolomite horizon (>1m) is taken to
be the basal contact. Cream-coloured, pure, fissile
dolomite and dolomitic siltstone are medium to thin
bedded and include interbeds of microlaminated black
graphatic argillite, similar to the underlying unit. Rare
cryptoalgal laminations may be stromatolites. Laminated
fine-grained orthoquarizite beds, up to 4 metres thick, are
a small component of the section. Pure, light grey to
white, fine-grained dolomite interbedded with thick (1 to
2 m) beds of limgstone {(marble) mark the top of the
Duich Creek Formation in the Maryland Creek area.

The dolomite is overlain by black to rusty brown
weathering crenulated graphitic argillite. A massive
dolomite bed, 1 to 2 metres thick, occurs within the
laminated black argillite. It is unclear whether this
argillite marks the top of the Dutch Creek Formation or
the base of the Mount Nelson argillite unit.

MOUNT NELSON FORMATION

The Mount Nelson Formation consists mainly of
dark coloured phyllitic argillite with interbedded
quartzitc and lesser dolomite, west of the uppermost
Dutch Creck carbonate (Figurc 4). The rusty brown to
grey argillite is phyllitic and locally crenulated, so
primary features are not preserved. Strata are mainly
graphitic (shiny dark grey to black) or chloritic (dark
green) and locally contain numerous quartz peds and
layers, some of which may be flattened clasts (Photo 4).
The argillite is interbedded with several layers of
medium to coarse-grained vitrcous quartzite {quariz
sandstong) that appear to be continuous over several
kilometres. The medium to thick-bedded quartzite layers
are 2 to 50 metres thick and are much more resistant
than the argillite, hence they form prominent outcrops.
They weather white, grey, brown and pink, and constitute

Photo 3. Planar crossbedding withm the laminated unit,
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Photo 4. Deformed quartz fragments (possible clasts?) in
argillite of the Mount Nelson Formation (PST94-2%4).

15% of the poorly exposed section. Rarely. a primary
fabric consisting of tightly packed. rounded. bluc quartz
granules, is preserved. These are best preserved near the
top of the Priest River canvon. 3 kilometres northwest of
Boundary Lake. i_ess commonly. zones with numerous,
large mudchips which are highly strained arc prescnt
within the quartzitc units. In the southernmost cxposurcs
just west of the Priest River canyon. quaniziie is
interbedded with buff dolomite.

Rare lenses of laminated, brown-weathering, silty
dolomite up to scveral metres thick also occur within the
Mount Nelson argillite. The continuity of the dolomites is
difficult to determine compared 10 the quanzites, because
they weather reccssively. Scveral thicker dolomite units
crop out in the southwest corner of the map arca,
truncated 1o the north by the unconformity at the base of
the Toby Formation.

CORRELATION

Stratigraphic analysis completed around North Star
Mountain strongly supports the correlation with the Deer
Trail Group, which includes the Magnesite Belt of
northeastern Washington (see Miller and Whipple, 1989)
as first proposcd by Glover (1978. Figure 35). The
correlations would be; Kitchener argillite (Pk2) with the
black and grey, clay and silt couplets of the Togo
Formation; the lower Dutch Creek carbonate (Pdcl) with
Edna Dolomites; argillite of th¢ Duich Creek Formation
(Pdc2) with McHale Slate; Dutch Creck upper carbonate
(Pdc3) with Stensgar Dolomite. Magncesite deposits are
assoctated with the Stensgar Dolomite, and although the
magnesite is remobilized, it is considered to be primary
and associated with evaperitic facics (F.K. Miller,
personal communication. 1994). In the northern part of
the Purcel) anticlinorium. the Mount Netson Formation
hosts the Brisco magnesite deposit {(McCammon, 1965,
Root, 1987).

Geological Fieldwork 1994, Paper 1995-1

The laminated unit resembles the Van Creck
Formation of the castern Purcell Supergrimp as defined
by McMechan er al. (1980) but, as mapped in tle
Creston area, it lies higher in the regional stratigraphy,
above the Dutch Creek lower carbonate.

The Mount Nelson argillite and - uarizite unit
(Pmn), as mapped by Rice (1941) and Gilover (1578,
may correlate with the Buffalo Hump Forrnation, part of
the Deer Trail Group of northeastern Washington. The
correlation is based on the unusually coar e, quartz-1ich
sandstone and stratigraphic position withii: argillite and
above a carbonate unit. Immediately soutn of the 49th
Parallel, quartz-pebble sandstones within ar gillite wesit of
the Continental Mountain pluton in northe n Idaho have
recently been included in the Buffalo Hunip Formation
(F.K. Miller, personal communication, 1394). Far:her
south, Buffalo Hump quartzite cuts down into the
Stensgar Dolomite, implying an unconfor nity betwcen
the two units, perhaps analogous to the unconforriity
documented by Root (1987) at the base of the Mcun:
Nelson. Late Proterozoic detrital zircon da ¢s (circa (.1
Ga) from the Buffalo Huomp Formation, southeast of
Colville (Figure 2), support a post-Parcell (Bzlt)
Supergroup age of deposition (Ross er al. 1992} "he
quartzitic part of the Buffalo Hump Formati sn maybe the
distal cquivalent of the Phillips Formation D. Winston,
personal communication, 1994).

UPPER PROTEROZOIC WINDERMERE
SUPERGROUP

PEBBLY ARGILLITE UNIT

A pebbly argillite unit, mapped this season, iray
represent a dropstone unit at the base of the Windermere
Supergroup. This pyritic (1 to 5%), dark rusty brown
weathering  argillite lies above a Mot Neison
Formation carbonate horizon. The laminated argillite is
distinguished from those in the Mount Nelso 1 Formatizn
by a marked increasc in sulphide content, les: penetrative
fabric and presence of abundant pebbles. ““he isolatzd
pebbles are supported in 4 black silty argllite mattix
{Photo 5) and are interpreted to be ice-rafted dropstones,
Pebbles of quartzite and dolomite predominat ;. Clast size
and abundance increase up-section and the pebbly
argillite apparently grades into polymictic conglomerate
of the Toby Formation. The unit is exposed < kilomelres
southwest of the confluence of Summit anl Maryland
creeks, in more highly strained exposures on Highway 3,
and along Placer Creek road at aboul the 1340-metiz
clevation. The unit appears to thin to the northeast. The
argillitc  unit  warrants  careful study .and  belter
delineation.

The dropstone unit is tentatively corrclated with
basal Windermere Supergroup because of tie inferred
glacial environment at the time of deposition and iis
possible gradational contact with the Toby For mation.
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Figure 5. Comparison of schematic stratigraphic colunmns and potential correlations using the base of the Buffalo Hump Formation
and possible correlatives as the datum. Columns A to C are correlated with reasonable confidence, however, comparisons of C to E
remain speculative. Column references: (A) Miller and Whipple (1989), (B) Miller (1982; nomenclature has been revised since
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McHale Slate, S¢ = Shedroof conglomerate, Sd = Stensgar Dolomite, S¢ = Shedroof volcanics, Th = Toby Formation, Tg = Togo

Formation.

TOBY FORMATION

The Toby Formation comprises a syn-rift succession
(Bennett, 1985) of diverse lithologies, including
diamictites, polymictic conglomerate, pelite, carbonate,
volcanic rocks, quartz sandstone and phyllite. It reaches a
thickness of about 2050 metres along the U.S. border in
the Creston map area (Glover, 1978, p. 27), although, it
could be as much as 4 kilometres thick based on its map
distribution. It thins rapidly to the north and south.

142

Toby Formation has been studied in detail along the
length of the Cordillera by numerous workers and was
briefly examined in this mapping project. Variably
strained, polymictic conglomerate, pebble greywacke and
sandstone dominatc  well exposed outcrops along
Highway 3. Clasts are predominantly light grey to white
quartzile and brown-weathering carbonate (mainly
dolomite) with subordinate white guartz (vein material?)
and phyllitic argillite. White guartzite clasis are up to
about 1 metre long. but average between )0 and 20
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Photo 5. Quartzite pebble (possible dropstone?} in black
argiilite unit, interpreted to be basal Toby Formation (DBR%4-
236). Glacial striations are evident on the surface.

centimetres, though most are strongly flattened. Rare,
Jarge rounded clasts of granite and granitic gneiss {up to
60 by 60 cm) were observed towards the base of the Toby
conglomerate, 10 kilometres south of Highway 3; granitic
clasts were also noted west of the headwaters of the Priest
River by Daly (1912). Most of the formation is well
foliated and clasts are variably flattened (strain analysis
was completed by Glover, 1978), but relict bedding is
still evident from concentrations of clasts of similar sizes,
and by colour differences related to changes in grain size
of the matrix. Locally, the conglomerate has been
reduced to a chlorite-sericite schist with faint cllipsoidal
outlines of completely flattened clasts. These bands of
intense deformation are probably shear zones.

Correlation

Daly (1912, p. 142) used the term “lrenc
Conglomerate Formation", and later Rice (1941)
cotrelated it with the Toby Formation. To the south, the
same unit is called the Shedroof conglomerate where it is
up to 3250 metres thick in the Continental Mountain
map area {Miller, 1982, p. 18). A thin sequence of
Shedroof conglomerate and Leola volcanics also lies
farther east, in the footwall of the northern extension of
the Jumpoff Joe fault, 15 kilometres east of Sullivan
Lake, Washington (Stoffel et af, 1991). These
conglomerates also correlate with the Huckleberry
Formation {conglomerate member) of northeastern
Washington.

Paleoenvironment

The depositicnal setting for the Toby conglomerate
remains controversial. The glacial marine origin was
proposed by Aalto (1971} and a nonglacial origin was
suggested by Reesor (1973). Striated clasts have been
reported between Invermere and Panorama which would
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support the glacial origin (GM. Ress, personal
communication, 1994). A combination o placial and
nonglacial deposition would accommodate the opposing
views,

IRENE FORMATION

The Irenc Formation cormprises mafic volcanic rocks
that gradationally overlie the Toby Formation along the
western edge of the map area. The submarine tholeiitic
flows (Bennett, 1985) locally display w.:ll deveioped
pillows. The succession, at least 2000 metres thick, iy
schematically illustrated in Figure 6. Dark ;;reen massive
flows and pillow basalt are common, with lesser mafic
tuff and tuff breccia. Some of the pillows are unstrainecl
and unaltered with chilled marging, chloritic selviges
and minor intrapillow micritz (Photo 6). The closely
packed pillows vary in size from 5 cemimetres 13 Z
metres long and range in shape from circu ar to obicng
Chloritic fracture cleavage and epidote, irn carbonate,
albitc alteration patches are commonl developed
Subordinate lithic lapill: tuffs with pitted weathered
surfaces, contain mafic fragments up to 21} centimeires
long. Hyloclastite forms a minor compunent of the
succession. Dolomite and dolomitic siltstene form tweo
prominent units, each less than 20 netres thick
approximately 900 and 1800 metres above t'ie base of the
succession, immediately west of Mount Ire1 ¢ (Figure 6).
Pale green tuff beds occur within the dolomi es,

North of Highway 3, the bottom third of the Irzne
Formation consists of basaltic fragmental 1ocks, mainly
breccia. Basaltic pebbles and cobbles are snpported in a
dark matrix with angular lithic fragments. The top two-
thirds of the section consists mainly of pillyw lava with
some breccia and minor hyaloclastite. everal thin,
aphanitic mafic sills and dikes were observed throughout
the section. These are probably synvolcanic.

Age and Correlation

The Irene Formation correlates with the Leola
Volcanics south of the border as described by Mi ler
(1982) and the Huckleberry Formation (greenstone
member) in northeast Washington, dated at about
762444 Ma by the Sm-Nd isochron methcd (Devlin et
al., 1989).

Upper Conglomerate

The top of the Irene Formation is marke1 by a cobble
to boulder conglomerate unit, 100 metres tl ick, exposed
3 kilometres west of Mount hiene (Photo 7). Tt can be
traced northward from the border to Highway 3, wher: it
crops out 283 kilometres west of the Summit Crezk
bridge, underncath the hydro transmission lines (D:ly,
1912, p. 144; Glover, 1978). According to Daly (1912 p.
147) the dolomite clasts are locally oolitic a1 d the largest
angular clast measures 2.1 mctres by 1.2 metres by 1
metre, Clasts are dominantly dolomite with lesser

113



Photo 6. Well developed, unstrained pillow basalts of the Irene Formation (DBR94-564).

= argliite, siltstone
f2=] conglomerate
Wl colomite

horizons
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E= volcanic sandstone
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= orgivte
("3 pebbly argitite

1000 metres

Figure 6. Composite schematic stratigraphic column of the
Toby and Irene formations based on exposures along the
unnamed ridge west of Mount Irene and near Highway 3.
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rounded quanzite and rare brecciated dolomite,
supported within a mauve to grey argillaceous matrix. No
volcanic clasts were observed. Along Highway 3, the
conglomerate unit comprises a 75-metre sequence of
green pebbly  wacke, pure dolomite, dolomite
conglomerate, polymictic conglomerate cut by post-
flattening granitic dikes, white limestone and capped
with a quartz pebbly conglomerate. The conglomerate is
overlain by the Monk Formation.

The provenance of the clasts is assumed to be
cannibalistic erosion of the syn-Irene dolomite horizons,
however, the apparent lack of any volcanic material, and
a source for the quartzite, are problematic. Alternatively,
the clasts may be derived from uplifted blocks of Mount
Nelson and Dutch Creek strata, Additional study of clast
compositions and size variations is required.

Photo 7. Matrix-supported dolomite conglomerate within the
upper part of the Irenc Formation (DBR94-561).
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MONK FORMATION

The Monk Formation rests conformably on the Irene
Formation and was examined briefly between Highway 3
and the southern contact of the Mine stock. Here it
consists of fine-grained muscovite schist. Coarser
muscovite-biotite  schists with  andalusite  (and/or
chloritoid?) porphyroblasts produce a spotted appearance.
Towards the top of the observed section arc thin-bedded
quartz siltstone and sandstone couplets with rarc granuje-
sized quartz grains. This may rcpresent a gradual
transition into the overlying grits of the Three Sisters
Formation.

INTRUSIVE ROCKS

Proterozoic mafic sills and dikes are common in the
middle Aldridge Formation and strata of the upper
Purcell Supergroup. Younger plutonic rocks underlic the
northwest half and part of the southern edge of the
Creston map arca. The middle Jurassic and Early
Cretaccous plutons in the northwest corner were not
examined during this project but have been studied by
Archibald ef ai. (1983, 1984).

MOYIE SILLS - AMPHIBOLITE

A few of the dark green to black amphibolite layers
discernible at 1:50 000 scale within the mctamorphoscd
middle Aldridge Formation are depicted en Figure 4. The
fine to medium-grained amphibole-rich rocks are
interpreted to be metamorphosed Moyie sills as suggested
by Daly (1912) and others. The amphibolites contain the
mineral assemblage hornblende. plagioclase, quartz and
staurclite. The amphibolite is commonly dotted with
prominent pink garnct porphyroblasts. Due to ductile
deformation west of the Creston valley, the sills are not
as extensive or continucus as those to the east. East of the
valley, thick sills near the town of Creston arc cut by a
network of quartz and quartz-carbonate wveins that
parallel and crosscut the chloritic foliation. These sills
are continuous and display less ductile deformation.

MAFIC SILLS AND DIKES - NORTH STAR
MOUNTAIN AREA

A scries of mafic sills and dikes intrude upper
Purcell Supergroup strata {Creston (o Mount Nelson
formations) near North Star Mountain, from the U.S.
border northward to Highway 3. The narrow (15 cm to 5
m thick) black to dark green tabular bodies commonly
parallel bedding and are therefore called sills, but locally
they are discordant dikes. Some sills are magnetite rich
and presumatly produce the broad, moderate 1:250 060-
scale aeromapnetic anomaly over the area. The sills
comprise less than 5% of the section. Locally they
contain rounded xenoliths of granitic gneiss.
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As the mafic silis and dikes were emplaced irto
strata as young as Mount Nelson Formation, they may
represent a magmatic event synchronovs with Mount
Nelson deposition or, morc probably, the/ are feed:rs to
the volcanic rocks of the Irene Formation.

MIDDLE JURASSIC — CONTINENTAL
MOUNTAIN PLUTON

A biotite tonalite pluton is well exposed along the
International Boundary cut southwest of 3oundary Lalke.
The massive medium-grained tonalite forns the nothern
termination of the Continental Mountain sluton of Miller
(1982). The tonalite contains ubiquitons epidotc and
trace hornblende (ibid.). Muscovite is co nmon and may
be a product of regional metamorphism tnat has affec:ed
the pluton (F.K. Miller, personal commur ication, [994).

The age of emplacement of the plutcn is inter2reted
to be at least 168 Ma, based on a tianite dat: e¢nd
discordant zircon U-Pb data (JL. Wcoden, personal
communication, 1994). The pluton yielded a biotite K-Ar
date of 107 Ma (Miller and Engels. 1975) und a
trondhjemitc phase on the cast side of Continertal
Mountain produced biotite and muscovit: K-Ar dates of
101 and 96 Ma (ibid.). These Cretaccous zonventional K-
Ar dates are intcrpreted 0 be cooling ages.

CRETACEOQUS PLUTONS

Cretaceous intrusive rocks can be divided inio large
plutons {Bayonne batholith) and small :heet-like boclies
(Corn Creek and West Creston gneises). They are
apparently coeval but contrast in min ralogy, tcctenic
fabric and size. The Bayonne batholith prodices
conspicuous donut-shaped aeromagn:tic anomalies
probably due to a mafic border phase.

BAYONNE BATHOLITH

The Bayonnc batholith comprises at least three
distinct plutons, Mount Skelly, Steepl:: Mounta:in and
Shaw Creek (Daly, 1912, p. 289-296, Rice, 1941, Glover,
1978; Archibald et af, 1983, 1984; Reesor, 1933). A
two-mica granite called the Kootenay Lzanding granit: by
Barrett (1982) may correlate with par of the tecple
Mountain pluton. A small outlier south of the Mount
Skelly pluton, here called the Duck Lale intrusicn, was
mapped immediately west of the lower -eaches of Wilds
Creck, This stock, 500 meires wide and 1500 metres
long, comprises pale grey to white-weaihering, wassive,
medium-grained hornblende biotite granite. Ac:essory
mincrals include trace amounts of honey-colored
titanite. Regional aeromagnetic dita show thar
anomalously high values extend soutiward from the
Bayonne batholith under the entire arei, suggesting the
Duck Lake intrusion is an offshoot of :he Mount Skelly
pluton.
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The Shaw Creck pluton is light grey. massive
biotite granite with potassium feldspar phenocrysts up to
2 centimetres long. A biotite-rich (>40% biolite)
melanocratic phase of limited extent is locally foliated
and  contains  biotite-rich  granitic  autoliths.
Metasedimentary xenoliths are also exposed along Topaz
Creck road. This phase is boudinaged then cut by
muscovite-biotite-quartz-feldspar pegmatite.

Contacts of the Duck Lake intrusion are exposed on
Highway 3A necar Drywash Creck where fine-grained
chlerite-bictite hornfels is well developed in meta-arenite
and calcsilicate assemblages (epidote-chlorite-tremolite-
diopside) of the Mount Nelson Formation. Dikes and sills
extend into the host strata and there is no cvidence of
deformation along the intrusive contacts. This contrasts
with the relationship of the Shaw Creck pluton to the
west, across the Kootenay valley, where ¢coarse mineral
growth and penetrative deformation are evident.

The castern contact of the Shaw Creek phase
consists of rusty brown weathering, coarse-grained
biotite-muscovite schist mixed with foliated granite (lit-
par-lit gneiss) along the logging road 2.5 kilomctres
north of the Summit Creck bridge on Highway 3. Pods
and lenses of quanz-feldspar-muscovitetbiotite are
interlayered with paragneiss (semipelite schist). The
penetrative foliation dips modcrately to the west. parallel
to the intrusive contact. However, 200 metres northwest
of the contact zone, the fabric is lost and the pluton
comprises massive medium-grained. potassiuim feldspar
megacrystic granite. The massive granite has been
sampled for U-Pb dating and analyscs are in progress.
The southern contact of the Shaw Creck pluton is a
heterogencous zone of mixed granite sills and
metasedimentary rocks (biotite schist), exposed along
Topaz Creck road. In general, granite contacts parallel
the phyllosilicate foliation.

PRIEST RIVER COMPLEX

The northern culmination of the Pricst River
Complex is represented by the Rykert batholith and two
isolated gneissic bodies along the southern edge of the
Creston map area (Figures 2 and 4).

RYKERT BATHOLITH

The Rykert batholith was named by Daly (1912, p.
284-287) and underlies about 27 square kilometres inside
Canada, extending from the Creston valley 15 kilometres
to the west. It has been referred to as Kaniksu batholith
by Park and Cannon (1943). but it is rccommended that
this name be dropped because Kanisku Mountain actually
lies farther west and is underlain by thc Jurassic
Continental Mountain pluton.

The light to dark grcy weathering. biotite-rich
granite is medium grained with coarse-grained layers
rich in potassium feldspar megacrysts (some up to 7 cm
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long and well zoned). 1t is massive to variably foliated,
commonly with dark grey mylonitic layers or gneissic
layering. The two-mica granite is hetcrogeneous with a
muscovile to biotite ratio of about 2:5 south of the border
(Miller, 1983), although biotite and potassium feldspar
contents vary greaily. Hornblende diorite xenoliths are
rare. A homogencous biotite granodiorite with no
muscovite or garne! intrudes the two-mica phase of the
Rykert batholith, 2.75 kilometres south of Mount
Huscroft necar Boundary Creek. The northwest edge of
the pluton is a thick zone (>100 metres) of gneissic
granite. The northeastern part of the batholith produces a
strong, rectangular 1:250 000-scale aeromagnetic
anomaly that extends to the northwest.

Age and Correlation

Correlative rocks south of the U.S. border include
the Rykert granite and Shorty Peak pluton, that include
porphyroblastic granitic gneiss (unit "gn"; Miller, 1983).
The Newman Lake gneiss, biotite potassium feldspar
megacrystic  orthogneiss, dated at about 94 Ma
{Armstrong et al., 1987, Bickford e¢ al., 1985) may be
equivalent to the Rykert batholith.

CORN CREEK GNEISS AND WEST CRESTON
GNEISS

Two isolated granite gneiss bodies, the Corn Creek
and West Creston, crop out west of the Creston valley
and north of the Rykert batholith. The Corn Creek body
was first recognized by Rice (1941), and later named the
Corn Creek gneiss by Archibald ef af. (1983). The West
Creslon gneiss is exposed 6 kilometres to the southwest,
in the footwall of the Purcell Trench fault (Figure 4).
Both gneisses are characterized by consistent gentle,
north-dipping mylonitic foliations c¢ontaining gently
north-plunging stretching lineations. The granite

orthogneisses comprise a series of sheet-like bodies
{Photo 8) that may be part of a continuous north-dipping

Phote 8. Gneissic granite characteristic of the West Creston
gneiss (DBRY4-422). Pack for scale.
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sheet extending north from Mount Rykert; the Corn
Creek and West Creston gneisses and Rykert batholith
may be linked at shallow depth below the surface.

Both bodies arc pale grey weathering, two-mica
granitcs with prominent gncissic layering. The
leucocratic granite contains smoky quartz, garnct.
muscovite and bictite. Narrow, lighter grey aplite and
pegmatite dikes, layers and pods arc abundant. cutting
obliquely across the gneissic foliation. Biotile content of
gneissic layers ranges from 0 to 25%, The Corn Creek
gneiss covers less than 4 squarc kilometres and consists
of at least threc shect-like bodies, ecxposed along the
pipeline access road south of Corn Creck. Semi-
concordant coarsc-grained pegmatite (garnet, muscovite,
potassium feldspar, plagioclase, quartz) layers and pods
are isoclinally foldzd within the granite.

The West Creston gneiss underlics an arca of less
than 2 square kilometres along the western edge of the
Creston valley (Photo 8). Its concordant contacts with the
middle Aldridge Formation suggest. like the Corn Creck
gneiss, is has a sill-like geometry, except for a band 300
metres wide thal extends southward 1o the Rykert
batholith. The northeastern contact zone with Aldridge
Formation comprises about 3% pcgmatitc and abundant
white quarlz pods and layers. These rocks probably
experienced partial melting.

Age and Correlation

Zircon and monazitc U-Pb dating is in progrcss on
samples from both gneisses, by Don Davis at the Royal
Ontario Muscum. A pluton in the Smith Creek arca,
south of Boundary Creck. correlative with part of the
Corn Creek gneiss yiclded a Cretaceous U-Pb date (J.L.
Wooden, personal communication, 1994). Farther south,
the Mount Spokanc two-mica granilc yielded dates
between 72 and 92 Ma (Armstrong et of.. 1987) and 94
to 143 Ma (Bickford et af., 1985) and may also corrclate
with Corn Creck gneiss. Conventional K-Ar techniques
yield cooling or uplift dates ranging from 46.7 to 49.6
Ma (Archibald et af, 1984). Similar concordant
muscovite and biotite K-Ar dates between 30 and 55 Ma
were obtained by Miller and Engels (1975). Correlative
rocks south of the border arc monzogranite of the Shorty
Pecak pluton and unit "gn" of Miller (1983).

Lit-par-lit gneiss unit

The border of the West Creston gneiss and Corn
Creck gneiss s characterized by a  zonc  of
metasedimentary rocks (Aldridge Formation) intruded by
a scrics of granitic sills (Figure 4). Amphibolite sills in
the polydeformed areas arc metamorphosed equivalents
of the gabbro (Moyie) sills, The best cxposures underlic
the south-facing siope on the north side of Corn Creck. A
scries of at least five sills, comprising about 20% of the
unit, forms prominent light grey weathering layers within
the dark grey mctascdimentary rocks. The (wo-mica,
potassium feldspar megacrystic granite sills range from

Geological Fieldwork 1994, Paper 1995-1

0.5 10 20 metres thick, but average about 3 metres, and
thin and thicken rapidly becausc they are oudinaged.
The remainder of the scction, meta-seniipelites, is
amphibolilc grade and consists of plagioclas: -muscovite-
biotite-quartz schist (paragneiss locally). Th: samc unit
was mapped as “mixed rock™ to the soutn by Miller
(1983). This is the border zone of the ’riest River
Complex batholithic core. There is no fault a the contect
between batholith and cover rocks in this area, in
contrast to the southern Priest River Complex.

STRUCTURE

The following discussion of structural fe.atures in the
Creston map area is divided into geographic arcas ihat
grossly correspond 1o structural domains. In the simplest
tecrms there is an incrcase in metamorphic grade and
intensity of deformation to the west, howeyear, in detail
things are more complicaled. Penctrati-vc phyllilic
fabrics, local tight folding and overturned fulds contrast
with the broad, upright anticlinoria like the Goat River
anticlinc and lack of fabrics in the Yahi: map arca
{Brown and Stinson, 1995, this volume).

EAST OF PURCELL TRENCH FAUL'"~

The southeast corner of the map arci is largely
covecred by Quaternary deposits in the Cresten valley, but
isolated knolls expose the westernmost limb of the Goat
River anticline and variably foliated middle .uldridge and
Moyic sills southcast of the Okell fault (arca 1 on Figure
7).

OKELL FAULT

The Okell fault is interpreted to be a najor nor:h-
norihwest-dipping, cast-direcied confractional fault that
places middle Aldridge on Creston and upper Aldricge
formations in the Yahk map area (ibid.). In addition,
tight upright folds and pervasive cleavage are developed
in wacke of the middle Aldridge Formition in its
hangingwall (Photo 9). Folds with sinilar north-
northwest-trending axcs persist farther to the northwest.
The Okell fault marks the boundary tetwcen I:ss
dcformed. broad folds to the cast, from phyllitic to sub-
phyllitic tightly folded strata. The fault is pr:sumed to be
the southern extension of the Hall Lake/S1. Mary fault
system (see Reesor, 1981). To the south it 15 covered by
thick Quaternary deposits in the Creston vallzy.

Farther north. a northeast-striking no:mal fault is
required because of the truncation of a thic< Moyie «ili,
and juxtaposition of middic Aldridge Formition against
Creston Formation. This is named the Wynndel fanlt,
although, it was not obscrved in outcrop. Northwest of
the fauli, the Wilds Creek area forms : homoclinal
succession from Creston Formation to Mount Nelson
Formation. Bedding and penctrative phyllitic chlerite-
sericile foliations strike north-northwest ani dip steeply
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Photo 9. Tight folds with prominent fracture cleavage, 6
kilometres north of Creston along Lakeview road {DI3R%4-
340). Outcrep is about 2 metres wide,

10 the east and locally to the west. The southeast dips and
apparent northwest facing direction  suggest  the
stratigraphic succession is overturned. Much of the
structural style is controlled by competency contrasts of
the different lithologies; tight chevron folds are abundant
in the sericitic phyllite unit (see photos in Brown and
Klewchuk, 1995, this volume). Folded. white bull quanz
veins and pods are abundant in drill core. semec form
ccatimetre-scale fish-hook shapes. The mineralized
carbonate is phyilitic but the enciosed carbonate breccia
displays no tectonic fabric. perhaps duc to local flow of
the carbonate unit along its contact with other units,

PURCELL TRENCH FAULT

A brittle, high-level faultl zone. consisting of
lensoidal blocks of middle Aldridge Formaltion,
surrounded by sheared, slickensided surfaces. is exposed
1.75 kilometres south of the Summit Creck bridge along
Highway 3. Ouicrops to the cast arc low-grade meta-
wacke with fine phyllosilicatc minerals defining a weak
foliation. To the west, rocks arc polydcformed with the
assemblage kyanite, sillimanite. staurolite. muscovile,
biotite, magnesium-rich  chlorite.  which  indicates
metamotphism in bathozone 4 (Figure 8: Tables 1 and 2.
Photo 10; sample PST94-6). This is interpreled to be a
major fault zone that juxtaposes high and low-grade
Aldridge Formation and probably represents a splay of
the Purcell Trench fault (Figure 4).
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Photo 10. Photomicrograph of the metamorphic assemblage
kvanite (ky), staurolite (st), sillimanite (sl), muscovite (mu)
and biotite {bi) devecloped 1n semipelitic schist of the middle
Aldridge Formation, indicating bathozone 4 (PST94-6). Photo
15 2.0 mullimetres wide,

Minor northwest-striking, moderate northeast-
dipping normal faults cut the Shaw Creek granite along
the Topaz Creck road at about 1300 metres clevation.
The granite is fractured across a zone 2 metres wide and
is clay altered and limonitic weathering. These faults
may also be part of the Purcell Trench system, a major
geomorphic featurc that extends from Coeur d'Alene,
Idaho about 650 kilomctres northward to the Rocky
Mountain Trench (LeClair, 1982). Much of the
lincament corresponds to the trace of a major fault (Rice,
1941; Miller, 1982, LeClair, 1982). Mylenite zones and
brittle faults in the Steeple Mountain pluton are also
probably part of the Purcell Trench fault system (Barrett,
1982).

WEST OF PURCELL TRENCH FAULT

The region west of the Purcell Trench fault is
divided into five areas; the Mount Rykert overturned
block. Summit Creck, hcadwaters of Corn Creek, North
Star Mountain, and porthern Priest River complex
(Figurc 7).

MOUNT RYKERT OVERTURNED BLOCK

A huge (kilometre scale), overturned limb of low
metamorphic grade Aldridge and Creston formations
underlics Mount Rykert west of Creston. This panel is
traceable to the Purcell Trench fault on the cast and is
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bounded by another fault on the west. The southern
margin is probably a faulted contact with the Rykert
pluton. The structure is defined by bedding-clecavage
relationships, ané inverted stratigraphy based on graded
bedding, and Creston and upper Aldridge below middle
Aldridge Formation. Additional cvidence comes from
middle Aldridge Formation marker laminates that are in
reversc order in this block (D. Andcrson. personal
communication, 1995). TIsoclinal folds and transposcd
bedding of argillite in the upper Aldridge Formation may
be refated to the fold structure, The inverted limb may be
part of a family of west-directed structurcs as discussed
by Fillipone and Yin (1994) in the Cabinct Mountains,
for example the Snowshoe thrust system. The trace of the
bounding fault to the west is poorly defined and it is not
possible to say whether the Corn Creck gneiss plugs the
fault or rides on it (Figure 4).

SUMMIT CREEK AREA

Polydeformed. amphibolite-grade middle Aldridge
strata underlie a wide arca along the lower rcaches of
Summit Creck and near the confluence of Corn and
Buckworth  crecks.  Here,  biotite-muscovite  schist
containing rare kyanite and staurolitc has abundant
deformed pegmatite pods and layers. and rarc
amphibolite (metamorphosed Moyie sills). Mcsoscopic
isoclinal folds with angular to rounded closurcs have
axial planar (8;) foliation that is refolded by at lcast onc
younger deformation. suggesting significant structural
thickening in the arca. The complex folding and
interference  patterns  require  additional mapping to
resolve, and this would be dillicult becausc of the lack of
marker units other than rare Movie sills. Multiphasc
pegmatite cmplacement  is  suggested by different
geometries and relationships to hostrocks, Most arc
concordant to bedding and foliation, some are infolded
and boudinaged with the mctasedimentary rocks. and
sOmE are massive.

The Blazed Creck lault was shown as a stceply
dipping, north-striking fault cutting across the Summit
Creek area with Creston Formation on the west and
Aldridge Formation on the east by Rice (1941). The faull
was interpreted by Glover (1978, p. 8) to be the probable
southern extension of the St. Mary fault and was
considered to be regionally sigmificant. cspecially afier
being included on the tectonic assecmblage map of the
Cordillera (Whecler and McFecly, 1991). However, our
mapping has found no structural or stratigraphical
evidence for the fault. Strata previously considered
Creston Formation (Rice. 1941) are now thought 1o be
metamorphosed Aldridge Formation. This conclusion is
consistent with K-Ar dating which shows no sharp
discontinuity in cooling ages across this arca (cf
Archibald et al., 1984).

The Buckworth fault is indicated by the juxtaposition
of Creston Formation against Aldridge Formation north
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Phote 11. Boudinaged metasedimentary rock liyers in high-
grade rocks along the southern margin of the Shaw Creek
pluton, 2 kilometres south of Mount Midgeley (DBR94-363).

of Highway 3. as originally mappcd by Rice (1941).
However. Rice interpreted the fault to bend to the
southeast at Creston Mountain. We belicve that it trends
to the southwest, based on the abrupt ter mination of 1
regional acromagnetic anomaly northwest of Mount
Rykert.

Intense ductile deformation, including boudinage ¢f
mctascdimentary tocks. 1s prominent adjacent to the
Shaw Creck pluton, north of Highway 3 (Pl oto 11).

HEADWATERS OF CORN CREEK

An inferred north-trending fault lier immediately
west of a scries of parallel, north-trending, upright
antiform-synform pairs (about 100 m warclengths) that
arc developed in the Aldridge Formition a. the
headwaters of Corn Creck. If the fault is east dipping,
then the folds may be in the hangingwall of the vies -
dirccted structure. The fault places Aldric.ge Formziion
on the overturned upper Purcell stratigraphy in the
Maryland Creck/North Star Mountain arca

NORTH STAR MOUNTAIN AREA

The North Star Mountain arca comprises a
homoclinal succession of overturncd, steeply :ast-
dipping. wpper Purcell and Windcrmere rocks. The arca
is characterized by strongly clcaved to phyllitic argillie
unils with flattened clasts in the Teosy Forraticn
conglomerate (Glover, 1978). Fold closurzs were rarely
obscrved, but centimetre-scale isoclines vere noted in
sericitic phyllite of the Kitchener argillite « nit (Pk2).

NORTHERN PRIEST RIVER COMPLLX

Prominent mylonitic  foliations aid  stretching
lincations (L-S tectonites) characterize the northern
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flanks of the Corn Creck and West Creston gneisscs, and
Rykert pluton. The foliation plancs comprise muscovite
and biotitc with quarlz ribbons that definc consistent
north-plunging streiching lincations. Sheath folds arc
exposed in an outcrop along the pipeline near Corn
Creck (Photo 12). Axial plancs arc parallcl to the
mylonitic foliation and fold axes arc collincar to the
strctching lincations, The folds occur in a layer of gneiss
about 1 metre thick with coarse. potassium feldspar
megacrystic granite above and below.

Mpylonitic  fabrics arc  also present in  the
metasedimentary rocks adjacent 1o the Rykert batholith,
but are more difficult to recognize duc to their finer grain
sizc and more homogencous texture when compared to
granitic intrusions. This strain is part of the northern
termination of the Priest River Complex, an Eocene
extensional complex that is well developed to the south,

BRECCIA-MICROBRECCIA ZONES

A scrics of at least four oriented and aligned. isolated
exposurcs of grecen 1o brown-weathering  brecciated
granite are interpreted to be cataclasite. They trend cast
and cut the northern margin of the Rykert batholith for a
strike length of at least 5 kilometres (Figure 4). The waxy
green, altered granite consists of fine to aphanitic
chlorite-sericite-clay  mincrals  with  anastamosing
fractures and as pervasive replacement of the host. The
rough-weathering brecciated granite is fractured but
remains coherent. Some of the zones have brittle
fracturcs and limonitic staining. The cataclasite is a soft
and friable recessive unit only cxposed along road cuts.
The widest zone is estimated to be about 100 metres
across.

The chlorite breccia vones are interpreled (0 be
down-io-the-north, brittle fault zones superimposed on
the earlier ductile mylonitic fabrics, These zoncs are
similar to chloritc microbreccia zones documented by
Harms and Pricc (1992) and Rchrig e/ al. (1987). and
could be part of the same extension cpisode.

Photo 12, Sheath fold in Com Creck gneiss, view Lo south (DBRS4-547),
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METAMORPHISM

The distribution of metamorphic rocks and the
metamorphic history are complex west of the Purcell
Trench. The following preliminary observations are
offcred 1o stimulate further studies in the arca.

CONTRAST OF METAMORPHIC GRADE
ACROSS PURCELL TRENCH FAULT

In general, there is a pronounced increase in
mctamorphic grade across the Purcell Trench fault at
several latitudes in the map area. Along the U.S. border,
phyltitic mctawacke of the Aldridge Formation is
greenschist grade at the Rvkerts border crossing,
however, 4.5 kilometres to the west, middle Aldridge
Formation is in the amphibolite facies (sillimanite,
muscovite, biotite} near Boundary Creek. Fifteen
kilometres to the north, the same contrast is noted along
Highway 3 between the roadcut at Creston and the first
outcrop west of the Creston valley. Here, a strand of the
Purcell Trench fault juxtaposes sillimanite-kyanite-
staurolite-muscovitc-bearing semi-pelitic rocks
(bathozone 4) against phyllitic semipelites to the cast. A
comparison of contact metamorphic effects across the
northern edge of the map area rcveals a similar contrast
in metamorphic grade. The Skelly pluton and Duck Lake
intrusion have narrow thermal aureoles with fine-grained
biotite hornfcls on the east side of the Purcell Trench,
whercas the Shaw Creck pluton west of the trench has
transformed the country rock into coarsc-grained biotite
schist with lit-par-lit injections extending at least 750
metres from the intrusive contacts.

The psammitic composition of the Aldridge
Formation restricts the development of aluminosilicate
minerals to  relatively few localitics. However, a
preliminary study completed during the 1994 ficld season
has been able to bracket the conditions of metamorphism
and (o delincate several regions of contrasting
metamorphic grade which correlate  with  structural
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Figure 7. Structural blocks that comprise the Creston map
area. These are based on preliminary and broad trends and by
no means should they be considered as a rigorous stnuctural
analysis. 1 = west limb of the Goat River anticline; 2 = Wilds
Creek block; 3 = Mount Rykert overturmed block:, 4 = Summit
Creek, 5 = hesdwaters of Com Creek, 6 = North Star
Mountain; 7 = northern Priest River complex.

“blocks” alreacy discussed (Figurc 7). The area around
Mount Rykert and along the western side of the study
area is characterized by fine-grained phyllites and schists
with small porphyroblasts of muscovite-chlorite (?) and
biotite. The protoliths for these metascdiments are
recognizable as the Aldridge and Creston formations,
These rocks appear to have been metamorphosed within
the greenschist facics. Along the northern margin of the
Rykert batholith, a nerih-dipping normal fault juxtaposes
these low-grade metasedimentary rocks against the
batholiih.

The highest grade metamorphic rocks occur near
granitic bodies such as the Rykert batholith, Corn Creek
gneiss. and Bavonne batholith (Figure 4] A high-grade
mctamorphic domain also extends from rhe Corn Creek
gneiss cast to the Purcell Trench where the high-grade
rocks have becn faulted against low-grale rocks. Thus
the changes in metamorphic grade appcar to correlate
well with the major compressional and exrensional faults.

The predominant lithology within the Tighly
metamorphosed metasedimentary rocks is fine-grained
(0.25 - 0.75 mm) schists composed of muscovite, b.otite,
quartz, oligoclase with or without sillima.itc and garnet.
Garnet forms small (I mm)} idioblastic porphyroblasts.
Staurolite forms large poikiloblasts which are intergrown
with kyanite. Fine-grained sillimanite, muscovite: and
biotite define the dominant foliation whic 1 wraps a -ound
the porphyroblasts. In  places, arge  IKvanite
porphyroblasts, up to several centimetres long, are
embayed against biotitc and quartz, but elsewhere, small,
well formed crystals of kyanite lie with n the foliation
and are in contact with sillimanite. Roseties of
magnesium-rich  chlorite  occur as  well.  These
relationships reveal that the growth of staurolite was
within the stability field of kyanite. The tevtural
relationships between kyanite and sillimanite suggest the
early growth of kyanite and subsequent growth of both
kyanite and sillimanitc during creation of the primary
foliation. This mincral assemblage is diagnostic of
bathozone 4 (Carmichacl, 1978).

Somcwhat higher grade metamorphic rocks are
exposed 2 kilometres northwest of Higwway 3 up the
Blazed Creck road. near the Mine stock Figure 4). Cne
pyritic specimen contains coarse-grained sillimanite and
microcline, muscovite, biotite, plagioclasc (Angr)- quartz,
titanite and tourmaline (Table 1; DiR94-77). The

TABLE 1
METAMORPHIC MINERAL ASSEMBLAGES AND ESTIMATED BATHOZONE"S
(AFTER CARMICHAEL, 1978)

Map Number  Sample Number Lithology Assemblage Bathozone

i DBR-94-181 Schist mu, bi, qt, pl >2
2 DBR-9%4-83 Schist mu, gt, pl?, rt, tr, bi >2
3 PST-94-11 Schist mu, bi, pl, qt,sl -5
4 DBR-94-77-2 Meta-tourmalinite si, i, tr, pl, ks, mu, b1 }-5
5 PST-94-6 Schist bi, mu, ky, sl, st, qt, rt, il, ch 4

6 PST-94-62A Schist ky, sl, st, pl, gt, bi, ch, nt, il 4

7 DBR-94-169 Amphibolite bi, hb, pl, qt, gt, ch, ep, il na

Locations of specimens are shown on Figure 4. Abbreviations: bi = biotite, ch chlorite, ep = epidote, hb = hornbl 2nde, il =
ilmenite, ks = potassium feldspar, mu = muscovile, na = not available, pl = plagioclase, gt = quartz, rt = rutile, s! = sillimamze,

st = staurolite, ti = titanite, tr = tourmaline.
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enrichment in boron, reflected by the high concentration
of tourmaline, suggests metamorphism of a tourmalinite.
The apparent coexistence of sillimanite. microcline and
muscovite  suggests higher temperatures  during
metamorphism than during regional metamorphism to
the south. Glover (1978) reports relict andalusite with
kyanite and sillitnanite to the west near the Mine stock,
which is compatible with metamorphism within
bathozone 3 to 4.

THERMOBAROMETRY

In order to further constrain the conditions of
metamorphism across this region, microprobe analyses of
co-existing metamorphic minerals from three specimens
were completed. All minerals were analyzed with an
ARL-SEMQ electron microprobe at Queen’s University,
using an ¢nergy-dispersive spectrometer operating at an
accelerating voltage of 15 kilovolts. Each mineral was
analyzed for a count-time of 200 seconds. Structural
formulac were computed using APL sofiwarc developed
by D.M. Carmichael at Queen’s University, Metamorphic
temperatures and pressures werc calculated using TWEQ
software (Berman, 1991), the thermodynamic database of
Berman (1990, 1988), and the activity models included
with the program. Further details of thc analytical
procedure can be obtained from the authors upon request,

RESULTS

Selected results of the microprobe analyses are listed
in Table 2. Two specimens were collected near Mount
Huscroft (Figure 4), and co-existing sillimanite-biotite-
muscovite-garnet-oligoclase in one sample and co-
existing muscovite-biotite-oligoclase-garnet in the other
were analyzed. Because of the low anorthite content of
plagioclase, the pressures obtained arc interpreted as
maximum values. Specimen DBR94-185 yiclds 5-kilobar
pressure and 575°C utilizing the composition of garnet
cores. Garnet rim compositions yield slightly lower
estimates near 3.9 kilobars and 535°C. Speccimen
DBR94-183 yields similar pressures and temperatures of

metamorphism after adjustment of the partial pressure of
water 10 0.3,

Quantitative microprobe analyses were attempted on
a garnct-becaring amphibolite collected 5 kilometres south
of Highway 3 (site M7 on Figure 4). This specimen
yielded unrealistic pressures of 9 kilobars and 6 kilobars
utilizing garnet core and rim compaositions, respectively
(Table 2, DBR94-169). The garnet in this specimen
appears to have developed preferentially along several
quariz-filled fractures and may not be in chemical
equilibrium with the plagioclase in the matrix of the
amphibolite. An attempt to constrain the conditions of
metamorphism  east of the Purcell Trench was
unsuccessful. The two specimens analysed yielded
unrealistic estimates of pressure and temperature.

DISCUSSION

The specimens collected for the microprobe analyses
ncar Mount Huscroft yield metamorphic pressures and
temperatures which are compatible with estimates from
other specimens using the bathozone scheme, together
they suggest metamorphism within bathozone 4 (Figure
8, Carmichael, 1978). Thus both methods indicate peak
metamorphism within bathozone 4 across much of the
region west of Creston. Archibald et al. (1983) reported
slightly higher conditions of metamorphism farther to the
west-northwest in the Summit Creck arca and adjacent to
the Mine stock. However, the metamorphism they
describe occurred prior to the mid-Cretaceous as reflected
by K-Ar cooling dates. The rocks discussed here did not
pass through the blocking temperature of argon in mica
until between 535 and 47 Ma (Archibald et al., 1984). The
similanty in mctamorphic grade, however, suggests that
metamorphism  across  this  region occurred at
approximately the same time (mid-Jurassic) and the
difference in mica cooling ages reflects differential uplift
and cooling.

LOW GRADE AREA - MOUNT RYKERT
OVERTURNED BLOCK

Some areas west of the Creston valley were
metamorphosed at relatively low grades (greenschist).
For example, black silty mudstone interbedded with
siltstone and arenite display well preserved crossbedding,

TABLE 2
MICROPROBE RESULTS FROM SELECTED SPECIMENS FROM THE CRESTON MAP AREA

Map Number Specimen Rock type Assemblage Kilobars Degrees (°C) Comments
Pl DBR94-183 semi-pelite gt, bi, mu, pl, qt 3.25 525 aH,0 = 0.3;
gt rim
P2 DBR94-185 semi-pelite gt, sb, bi, mu, pl, qt 5.00 575 gt core
3.85 535 gl rim

Specimen locations are shown on Figure 4. Detailed microprobe data are available from the authors upon request. Abbreviations:
bi=biotite, gt=gamet, mu=muscovite, pl= plagieclase, qt=quartz, sl=sillimanite.
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Figure 8. Pressure-temperature grid diagram for selected parts
of the Creston map area.

graded beds and wavy bedding in much of the Mount
Rykert area. The area is part of an overturned limb of a
large, regional-scale fold, where penetrative fabrics and
metamorphism are minor.

MINERAL OCCURRENCES AND
EXPLORATION POTENTIAL

The Wilds Creek (Leg) stratabound zinc-barite
deposit is the most important mineral occurrence in the
Creston map area and is described by Brown and
Klewchuk (1995, this volume). The Sullivan Two/Dodge
property, a Sullivan-type sedex target west of Creston,
covers sporadic and small galena-sphaleriie-bearing
quartz veins, and mudstonc layers and mudchip breccia
locally replaced by black tourmaline. These features
generated exploration attention between 1984 and 1992
(Leask, 1992a, b). An ecight-hole 900-metre drilling
program was completed in 1990, and an additional 590
metres drilled in 1992 (Eldridge and Leask, 1991; Leask,
1992b). Farther north, the newly discovered meta-
tourmalinite occurrence near Blazed Creek is currently
mapped within the Kitchener Formation (site M7; Figure
4) and probably merits closer examination,

The regional stream sediment survey completed in
1977 detected several multi-element anomalies in an area
underlain by basalt of the Ircne Formation in the western
part of the map area. An additional 35 stream sediment
samples were collected during this mapping program and
the results will be included in Open File 1995-15. Nine
lithogeochemical grab samples of mineralized and

Geological Fieldwork 1994, Paper 1995-1

altered lithologies have been submitted for geochemical
analyses and the results will be tabulated in Open Fil:
1995-15.

CONCLUSIONS

The area west of Creston is underlain y middle and
upper Aldridge Formation and Cresion Formation in
domains of contrasting metamorphic grade. The Deer
Trail Group and the stratigraphic succession arcund
North Star Mountain are strongly correlatie. The Dutch
Creck dolomite (Pdc3) correlation with the Stensgar
Dolomite implics some magnesite potentinl in the ma)
area, as the Stensgar hosts numerous magnesite deposits
in northeastern Washington, Elsewheze, however,
correlations are hindered by variable metarnorphism ani
deformation. The Wilds Creek area remains pecorly
correlated due largely to lack of exposure. In this
northeast corner of the Creston map area, the stratabcund
zinc-lead-barite occurrence (Wilds Creek or Leg depasit)
has regional significance. Potentially similar prospects
along the western edge of the Purcell anticl norium, some
of which are under active exploration, iiclude Mourt
Bohan (Hall property), LaFrance Creek (V/all and Dave
claims) and past-producer Mineral King mine.
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