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INTRODUCTION

In southeastern British Columbia the northward-plunging
Purcell anticlinorium is segmented by several major
northeast-trending ‘ransverse faults (Rice, 1937; Leech,
1962; Hoy, 1982). These faults have various senses of offset
and show evidence of reactivation. They have been active at
various times including the Middle Proterozoic (Hoy, 1982;
McMechan and Price, 1982), Late Proterozoic (Lis and
Price, 1976), Early Paleozoic and Early Cretaceous (Leech,
1958, 1962; Benvenuto and Price, 1979). Within the Purcell
anticlinorium there are several significant mineral deposits,
some of which are cut by these transverse structures. The
largest of these, the Sullivan lead-zinc “sedex” deposit, is
cut by an extensional structure, the Kimberley fault, which
has been linked to the Lewis Creek fault across the Rocky
Mountain Trench and into the Hughes Range.

The Hughes Range between Skookunichuck (49°55") and

Bull River (49°30") (Figures 1-2-1 and 2) forms the east
wall of the Rocky Mountain Trench. It is the uplifted foot-
wall block of the Rocky Mountain Trench normal fault, and
is the offset counterpart of the east flank of the Purcell
anticlinorium, the main part of which lies west of the trench
in the hangingwall of the normal fault. In the Hughes
Range, the Middle Proterozoic Purcell Supergroup rocks,
which host the Suilivan deposit on the west side of the
trench, are overlair unconformably by a Lower Paleozoic
carbonate platform succession. The stratigraphic sequence
comprising the Huzhes Range has been overthrust, along
the Lussier Creek fault, onto the thick Lower Paleozoic
shale-carbonate facies that is characteristic of the western
Main Ranges and Western Ranges of the southern Canadian
Rockies (Leech. 1938),

Several northeast-trending transverse faults cut the Pur-
cell succession and parts of the Lower Paleozoic succession
in the Hughes Range. Relationships along unconformities
within and at the base of the Lower Pale¢ozoic strata provide
evidence of the nature and timing of displacement on these
faults. Field mapping of the faults and unconformities
bounding three Lower Paleozoic formations have been the
main focus of this study.

The Lussier Creek fault trends north for most of its
length, but at the south end of the Hughes Range swings
northeast, parallel to the transverse faults in the Purcell
anticlinorium. Towards the Rocky Mountain Trench, the
fault merges with an old transverse fault, the Boulder Creek
fault (Figure 1-2-1).

Geological Fieldwork 1991, Paper 1992-1

The preliminary results presented here are t e product of
fieldwork on this project which was carried ou in June, July
and August, 1991, In addition 1o field mapying and data
collection, samples have been collected “or ge ochro.iologic
{K-Ar) studies to constrain ages of volcanic s :quences and
postorogenic granites. A new faclity at Queer 's Unversity
is being used to produce cornputer-generat d geological
maps of the area. Geographic information s/stems (CGIS)
technology is being used to store multiple Jata s:ts and
analyse fault configurations ard paleogeog raphy in the
region.
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Figure 1-2-2. Geological map of the study area. The data are from 1991 field work, plus Hoy
(1979, 1988, and personal communication) and Leech (1958, 1960).
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REGIONAL GEOLOGY

The Hughes Range lies in the western part of the Cor-
dilleran fold and thrust belt (Figure 1-2-1). It is underlain by
the Lussier Creek fault, a major eastward-verging thrust.
The fault is part of the regional thrust-fault system that
sepdarates east-verging structures of the Purcell anti-
clinorium to the west, from the west-verging structures of
the Porcupine Creek fan structure to the east (Price, 1981,
1986).

Transverse, northeast-trending fault structures are charac-
teristic of this part of the Cordillera (Hoy, 1982). They
segment the Purcell anticlinorium and extend across the
Rocky Mountain Trench into the western Rockies. The two
main transverse structures, the St. Mary - Boulder Creek
fault to the north, and the Moyie - Dibble Creek fault to the
south, are both northwest-dipping, right-hand reverse faults.
Profound wvariations in stratigraphic relationships beneath
the sub-Cambrian unconformity indicate that the St. Mary
fault follows the locus of a Late Proterozoic structure along
which the northwest side was downdropped (Lis and Price,
1976). Similar variations in stratigraphic relationships
beneath the Upper Devonian Fairholme Group indicate that
the Moyie and Dibble Creek faults tollow the locus of an
Early Paleozoic structure that was downdropped to the
northwest (L.eech, 1958; Benvenuto and Price, 1979;
McMechan and Pricz. 1982).

PREVIOUS WORK

Interest in the geology of the Hughes Range (Figures
1-2-1 and 2) and the surrounding areas was initially driven
by the discovery of placer gold deposits of the Wild Horse
Creek during the 18(0s. Exploration interest has continued
ever since.

The first detailed work in the range was in the Wild Horse
River region (Rice, 1937). The whole of the Hughes Range
was mapped at a scale of | inch to 2 miles and was
published by the Geological Survey of Canada in 1958
(Leech, 1958). The f rst detailed mapping was by Hoy, who
demonstrated the influence of faulting on the deposition of
the Purcell Supergroup (Hoy, 1982, 1985; Carter and Hoy,
1987).

STRATIGRAPHY OF THE HUGHES
RANGE

THE PURCELL SUPERGROUP

The Purcell sequence in the Hughes Range, where com-
plete, consists of ten formations and reaches a thickness of
approximately 7 kilometres (Hoy, 1985, in preparation).
The lowermost seven formations are exposed in the central
Hughes Range, northeast of Fort Steele. Only the upper part
of this succession was studied during this project.

The lowest part of the succession comprises the Fort
Steele Formation, a sequence of quartzites, argillites and
conglomerates which are only found cast of the Rocky
Mountain Trench. It is overlain by the Aldridge Formation
which is a thick (up ta 6 km) sequence of fine-grained
turbidites that consist of quartzite, quartz wacke and
argillite.

Geological Fieldwork 1991, Paper 1992-1

The Creston Formation, which overlies the sldrid:ze For-
mation, is the stratigraphically lowest formatic n exposed in
the study area. It consists of green, thickly bed ed quartzites
and argillites and is approximat:ly 2 k lome res thick A
thick carbonate sequence, the mainly bufi weathering,
thickly bedded Kitchener Formation, overlie: the Creston
Formation and is a distinctive marker urit.

The upper part of the Purce | Supergrou; consists of
dominantly shallow-water argilizceous clastic and carbon-
ate rocks, with a distinctive volcanic sequenc : in the mid-
dle. The Van Creek Formation {McMechan or af., 1980)
which is up to 850 metres thick, consists of gre :n and puiple
siltites and argillites which becorne tuffaceocus at the top. It
is overlain by the Nicol Creek Formation (Mc? fechan ef al.,
1980) which contains dark green, baseltic i nd ardesitic
lavas and tuffs, commonly in &ssociation w th argillires,
siltites and sandstones. The lavas are generall - amy ydaloi-
dal, which helps to distinguish them from thicl sills that cut
the Creston and Kitchener formarions.

The Sheppard Formation lies with sharp c mtact on Lie
Nicol Creek Formation, and is the uppermo:t part of the
Purcell Supergroup exposed in the study wea (Figure
1-2-2). Tt is a series of red and gresn dolomitic iltstones und
dolomitic sandstones, with a distinctive stroniatolitic dol-
omite near the top. Clast-suppored breccias dccur within
the formation near faults, and may indi:ate | heppard-ize
syntectonic sedimentation.

At the northern end of the Hughes Range, north of the
study area, younger parts of the Purcell Supet rroup (Gate-
way, Phillips and Roosville formations) anc part of the
Windermere Supergroup are preserved uncer the sub-
Cambrian unconformity.

LowgRr PaLEOZOIC ROCKS

Contrasting Lower Paleozoic sequences jccur in the
hangingwall and footwall of the Lussiz- Crek fault. The
hangingwall sequence is a relarively thin (ca. 2.5 km) car-
bonate platform sequence; whereas the footwa | sequence is
a thick {ca. 6 km) shale-carbonate sequerce. B oth the hang-
ingwall and footwall successions begin with Lower
Cambrian siliciclastic formations, but hese are literaly
variable.

Four unconformity-bounded formations are founc in the
hangingwall of the Lussier Creei fault. They range in age
from Cambrian to Ordovician and they vary in th:ckness
along strike. The two oldest, the Cranirook and Jubilee
formations, are offset by transverse northeast striking syn-
sedimentary faults, which do not offset t1e yc inger forma-
tions. The distribution of the Cranbrook Forn ation is con-
trolled by the sense of displacement on tiese - aults, and by
erosion prior to deposition of the Jubilee Fon iation.

The Lower Cambrian Cranbrook Formation which forrns
the base of the Lower Paleozoi: :equence, is « ominated by
white quartzite and includes major com pone its of quatz
wacke and conglomeratic sandstone (as mich as 60%
locally). The Cranbrook Formalion, afthoug \ widesprzad
elsewhere north of the Moyie - Dibble Creek f ult, is absent
beneath the Jubilee Formation :hroughout mo it of the map
area. It is preserved locally beneath the sub-J bilee uncon-
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formity adjacent to the transverse faults in the central
Hughes Range. The shale-dominated Eager Formation,
which is also widespread regionally in the hangingwall of
the Moyie - Dibble Creek Fault, is absent from the study
area.

The base of the carbonate sequence is marked by the
Middle to Upper Cambrian Jubilee Formation (Leech,
1958), which is characteristically a well-bedded limestone/
dolomite in its lower part, but more massive in its upper
part. Ia the northern part of the study area, there is a rusty
weathering dolomitic unit in the middle part of the Jubilee
Formation that is a good marker horizon. Evidence of syn-
sedimentary tectonism was found towards the base of the
formation in the form of extensional structures within layers
of sediment, and sediment dikes along fault traces.

The McKay Group (Leech, 1958) is a shaley limestone at
its base, but becomes progressively more characteristic of
carbonate platform facies toward the top, with intraforma-
tional conglomerates, peloidal wackestones, nodular lime-
stones and bioclastic grainstones. To the north of the field
area, the Middle Ordovician Mount Wilson quartzite uncon-
formably overlies the McKay Group (Leech, 1954; Norford,
1969). Elsewhere this quartzite is absent and carbonates
make up the top of the group.

The Beaverfoot Formation, an Upper Ordovician and
Lower Silurian carbonate platform deposit (Norford, 1969),
rests unconformably on the McKay Group except where the
Mount Wilson quartzite is present. It consists of thick-
bedded dolomitic limestones and dolomite and is charac-
terized by chert nodules and a mottled texture. The top of
the formation is truncated by the Lussier Creek fault; but
north of the study area it is overlain by Middle Devonian
gypsum, shale and carbonate rocks (Leech, 1958),

The Paleozoic rocks in the footwall to the Lussier Creek
fault differ significantly from those in the hangingwall. The
Purcell sequence is overlain by the quartzites of the
Cranbrook Formation which grade upwards into the shale of
the Eager Formation (Leech, 1958). The overlying succes-
sion comprises the shales of the Tanglefoot unit (Thompson,
1962), the McKay Group, Beaverfoot Formation and a
“Silurian-Devonian unit” {Leech, 1960).

The Tanglefoot unit has a thick, laminated, basinal
carbonate-rich shale at its base and consists of sandstones
and possible storm-influenced limestones at the top. It
appears to be a deep-water equivaient of the Jubilee lime-
stones and dolomites. The top of the McKay Group is
similar to that in the hangingwall of the Lussier Creek fault
and contains nodular limestones. The lower part is a shaley
limestone and is very thick (greater than 1 km). The Beaver-
foot Formation is of similar thickness and appearance to the
hangingwall Beaverfoot.

The Silurian-Devonian unit has been described in detail
by Leech, (1958). Examination in the field shows it to be
series of shaley limestones overlain by laterally discon-
tinuous volcaniclastic rocks, basaltic lavas and tuffs, above
which are more shaley limestones and to the south, bioclas-
tic limestones. The sedimentary sequence is characterized
by slump structures (up to 1 m), breccias containing many
dolomitic and volcanic clasts and small-scale synsedimen-
tary faults. In addition to a major north-trending syncline
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containing this unit {Leech, 1958), this unit has been found
in the immediate footwall of the Lussier Creek fault in the
extreme south of the map area. In the north of the study area
it overlies the Beaverfoot Formation, while in the south it
overlies the McKay Group.

STRUCTURE

Three main sets of faults occur in the study area; older
northeast-trending transverse faults which generally only
cut the Purcell and lower part of the Lower Paleozoic
sequences; north-trending thrust faults; and north-trending
normal faults that are associated with the Rocky Mountain
Trench normal fault,

TRANSVERSE STRUCTURES

Five transverse faults cross the central Hughes Range.
These are from north to south; the Mount Stephens, Nicol
Creek, Lewis Creek, and two unnamed faults. The three
named faults merge southwestward towards the Rocky
Mountain Trench, and can be correlated across the trench
with the Kimberley fault, which cuts the Sullivan ore
deposit. Stratigraphic relationships at the sub-Jubilee
uncenformity show that these faults were active prior to
deposition of the Jubitee Formation. They were tilted or
overturned during the development of the Purcell anti-
clinorium, the east flank of which is the hangingwall of the
Lussier Creek fault. They cut bedding at high angles, and
therefore must have been steeply dipping when they
formed.

The sense of stratigraphic separation changes from one
fault to another and in the case of some faults, along their
length. The Mount Stephens and Nicol Creek faults have
reverse separations; separation on the Lewis Creek fault is
normal. The two unnamed faults have complex relation-
ships. The northernmost has a reverse-sense offset at its tip,
but has a normal offset farther down its length. The other
abuts the first and appears to be overlapped by the sub-
Cambrian unconformity. The sense of displacement is
uncertain.

A late, low-angle, west-side-down normal fault connects
the Nicol Creek and Mount Stephens faults (Hoy, 1979). As
these faults are lateral structures bounding the hangingwall
block 1o this normal fault, they must incorporate a compao-
nent of offset related to displacement on the normal fault.
Thus some of the apparent offsets observed along faults are
the result of only partial reactivation of old faults by new
structures.

AGE oF FAULTING

By comparing fault offsets of bedding above and below
various regional unconformities, the relative timing of some
of the offset history can be established. At the east end of
the Mount Stephens fault, near where it dies out in the
Jubilee Formation, both upper Purcell rocks and the Jubilee
Formation show a reverse sense of offset relative to the
horizontal datum provided by the bedding. The fault does
not offset the upper part of the Jubilee Formation, but local
thinning of the overlying McKay Formation above the fault

British Columbia Geological Survev Branch



{Figure 1-2-2) may be either a compaction effect, or the
result of continued displacement. This constrains the last
age of offset on this fault to the Cambrian. A greater offset
at the level of the Purcell Supergroup compared to the offset
of the Jubilee Forma:ion indicates that there was additional
reverse offset prior o deposition of the Jubilee. This may be
related to tectonic activity during deposition of the Shep-
pard Formation, as evidenced by changes of thickness and
tacies (see Stratigraphy section),

The Nicol Creek fault also has a reverse offset, and
relative to the horizontal datum provided by the bedding, it
appears to die out upward into the Jubilee Formation. The
Lewis Creek fault is marked by normal offset of the upper
part of the Purcell Supergroup and the base of the Jubilee
Formation, and also dies out within the Jubilee Formation,
Cranbrook strata are preserved beneath the lubilee Forma-
tion in the hangingwill; but the Jubilee Formation is uncon-
formable on the Sheppard in the footwall (Figure 1-2-2).
This shows that the fault was active during the interval
between the depos:tion of the Cranbrook and Jubilee
Formations.

The northern unaamed transverse fault has a thick
Cranbrook succession in the hangingwall, including a facies
containing a cong omeratic wacke, suggesting Early
Cambrian extension. The southern fault is truncated by the
sub-Cambrian unconformity and overlain by the Cranbrook
Formatton, indicating faulting took place prior to Cambrian
sedimentation.

Synsedimentary faulting is recorded at several strati-
graphic levels in the Hughes Range. Héy (1982, in prepara-
tion) reported block faulting during deposition of the
Aldridge Formation. Thickness and facies-change patterns
are indicative of faulting during deposition of the Sheppard
Formation. Both reverse and normal offset occurred during
the Cambrian. In thz footwall of the Lussier Creek fault,
there is evidence of extensional faulting during the deposi-
tion of the Silurian-IDevonian unit. Regionally, the overlap
at the base of the Upper Devenian Group onto different
stratigraphic sequences indicates significant Middle to Late
Devonian tectonic activity {Benvenuto and Price, 1979}

NORTH-STRIKING MAJOR THRUSTS

The second important set of faults in the region are north-
trending thrusts in both the hangingwall and footwall of the
Lussier Creek fault. Those in the hangingwall are east
verging, but those ir the footwall are part of the west flank
of the structural fan of the Porcupine Creek anticlinorium
and verge to the west {Price, 1986). The Lussier Creek fault
itself has a northerly trend along most of its length, but
swings into a northeast orientation at the south of the map
area where 1t converges with the Boulder Creek fault
{Leech, 1958), a reactivated older transverse structure.

The timing of displacement of the north-trending faults is
constrained by the fact that they cut rocks as young as
Devonian (Leech, 1958), but are pinned by monzonitic to
granodioritic intrusions of mid-Cretaceous age (Hoéy and
van der Hayden, 1988). A few additional small intrusive
bodies were discovered in the study area during 1991 (Fig-
ure 1-2-2).

Geological Fieldwork 1991, Paper 1992.]

CONCLUSIONS

Northeast-trending transverse s tructures in he haiging-
wall of the Lussier Creek fault were active dur ng Aldridge
time and subsequently during depasition of the Nico! Creek
(Hoy, 1982) and Sheppard formations. Reactiv: tion of these
structures took place during the Cambrian, prior to depesi-
tion of the Jubilee Formation ani, at least lo -ally, durirg
deposition of the lower part of itz Jubilee Fo mation. The
tectonic setting during late Purceli and Cambri: n time is not
clear. Both reverse and normal »ffsets along steep faults
during the Cambrian point to strike-slip riotion, with
localized transpression and transtznsion. A sirilar tectonic
regime may have operated during late Purc I time, hut
because of the large time intarval between the Midille
Proterozoic and the Cambrian it imust have be :n a separate
tectonic event,

Similar pre-Devonian structures with a nortt east orierta-
tion, which occur in the Bull River area, define a step o the
northwest flank of “Montania”, which was | continental
platform during Early Paleozoic t me (Be wvem to anc Price,
1979). The Moyie - Dibble Creek fault system ollowed this
older structure, The positioning of the Lussie  Creek fault
and its deflection to a northeast trznd may be 11 dicative of a
similar structural inheritance.
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