
CHAPTER 4 STRUCTURE

INTRODUCTION

The Forrest Kerr-Mess Creek area provides a unique
opportunity to document ductile deformation of the oldest
rocks of Stikinia and young brittle transtensional strain of
the region. The variety of structural styles evident across the
map area reflect the different structural histories of the four
tectonostratigraphic packages which comprise this part of
Stikinia. The central portion of the map area is dominated by
a polydeformed volcano-plutonic arc assemblage of Late
Paleozoic age. These are the oldest known rocks of Stikinia
and record a Late Paleozoic history of volcanic arc develop-
ment and tectonism. Unconformably overlying this succes-
sion in both the west and east parts of the map area are less
deformed Mesozoic volcanic and sedimentary rocks of the
Stuhini and Hazelton arc assemblages and sedimentary
rocks of the Bowser Lake overlap assemblage. These rocks
are separated by and interleaved with the older strata along
the Forrest Kerr fault and the Mess Creek fault systems, two
north-trending regional fault systems which control the
structural grain of the area. They are probably at least as old
as Jurassic and remained active into the Holocene. The
Mess Creek fault system is a 4-5 km wide major structure
that bounds and possibly controlled eruption of the Pliocene
Mount Edziza volcanic complex (Souther, 1992). The For-
rest Kerr fault zone is confined to a narrow zone which at its
northern extent either steps in en echelon fashion, westward
into the Mess Creek fault system at Arctic Lake (Read et al.,
1989) or continues northward beneath the recent Edziza
lavas. Both sinistral and dextral senses of shear are docu-
mented for parts of these north-trending structures. North-
east- and northwest-trending faults either merge with
similar aged, or are crosscut by, younger north-trending
fault segments along both of these fault systems. A north-
east-trending graben at Newmont Lake and half-graben
listric structures preserved along the east side of the Mess
Creek fault attest to phases of extensional deformation in the
area. It is unclear whether they are related to the
Cordilleran-wide post-Cretaceous dextral translation or to
earlier events.

DEFORMATIONAL HISTORY OF LATE
PALEOZOIC STRATA

Devonian rocks east of the Forrest Kerr pluton and at
the headwaters of Mess Creek (Figure 4-1) show up to four
phases of folding and deformation. Two early subparallel
penetrative foliations are kinked by a third crenulation
event, and the crenulations in turn appear to be gently folded
by a fourth event.

PALEOZOIC DEFORMATION

D1

The earliest deformation (D1) is characterized by a
prominent, northeast-striking, moderately north-
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Figure 4-1. Structural elements of the Forrest Kerr Mess Creek
area, illustrating faults and fold axes. Dominant fault and graben
structures are bold. FKF= Forrest Kerr Fault, MF= McLymont
Fault, WLF= West Lake Fault, WSF= West Slope Fault, KF= Kerr
Bend Fault, WSA= West Slope anticline, PRA= Pillow Ridge
anticline.



west-dipping compositional layer-parallel penetrative foli-
ation within volcanic and sedimentary rocks of Early and
Middle Devonian age. This foliation is axial planar to
?northwest-trending, mesoscopic, recumbent isoclinal
folds, which have an overall northeast vergence. Develop-
ment of axial planar foliation (S1) is prominent in schists
west of Mess Creek and coincident with lower greenschist
grade metamorphism. Here, foliation is bedding parallel.
Mid-Carboniferous and younger rocks lack these
first-phase folds and foliations. During D1 and/or D2 numer-
ous discrete west-dipping layer parallel ductile shear zones
developed which separate packages of deformed and
largely undeformed rocks. Shearing along these zones is top
plate to the east.

D2

The second phase (D2) deforms and transposes S1 in
Devonian rocks and isoclinally folds bedding (S0) in Late
Carboniferous and Early Permian rocks (Photo 4-1). The S2

fabric is superposed on S1 in thin layered tuffaceous sedi-
mentary and volcanic rocks of Unit lmDSst, but S2 in gen-
eral is the dominant fabric throughout the Paleozoic strata. It
developed under lower greenschist grade metamorphic con-
ditions. Second phase cleavage (S2) is, in most places, a
southwest dipping, penetrative axial planar cleavage. No
map scale folds of phase 1or phase 2 were observed and it is
difficult to distinguish phase 1 and phase 2 minor folds, both
are flattened, rootless isoclinal folds (Photo 4-2). Where a
second phase fold refolds a first phase fold, the two appear
to be coaxial (Holbek, 1988). Second phase structures are
northwest-trending recumbent to moderately inclined,
southeast plunging folds. Folds in the sericite-schist are
tight to isoclinal, recumbent structures. Limbs are tightly
appressed and contain layer parallel sub-horizontal to
west-dipping shear zones and thrust faults (Photo 4-3).
Northerly trending, shallowly-dipping ductile thrust faults
are exposed west of Mess Creek, on the BJ property
(Holbek, 1988 and this study). These zones occur within
quartz sericite and chlorite sericite schists where these rela-

tively incompetent units are in contact with greenstone and
metadiorite. Easterly-directed thrusting was localized along
these contacts. Timing of shearing and faulting are not well
constrained.

MESOZOIC(?) DEFORMATION

D3

The third phase (D3) is characterized by mesoscopic,
disharmonic, upright, open to tight crenulation folds and
kink bands which deform all earlier structures (Photo 4-4).
Fold amplitudes vary from millimetres to several metres.
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Photo 4-1. Recumbent F1 or F2 folds in Early Devonian carbonate
showing good axial planar cleavage which transposes bedding.

Photo 4-2. Intrafolial isoclinal F1 folds in green and purple
schistose chlorite tuffs of Early to Middle Devonian age.

Photo 4-3. Tightly appressed and transposed intrafolial isoclinal
folds and quartz veins illustrate the high degree of shear strain
present in the Early to Middle Devonian chlorite schists at Mess
Creek.



Fold axes plunge shallowly eastward and less commonly
westward, axial surfaces dip steeply south to southwest.
Third phase deformation commonly produces a strong
crenulation cleavage in Paleozoic rocks and is interpreted to
correspond to upright northwest-trending open, sometimes
overturned, folds in Mesozoic rocks. No significant,
large-scale (D3) folds are recognized in the Paleozoic rocks.
D3 folds do not significantly alter the map pattern of the rock
units.

D4

The fourth phase (D4) folds are moderate to open,
north-trending upright mesoscopic to macroscopic struc-
tures with fold wavelengths of several metres to several km.
Folds plunge mainly north or south. Styles include open cy-
lindrical (in Paleozoic rocks) to chevron or open box-folds
and minor kink bands (in Mesozoic rocks). Everywhere S4

is a spaced fracture cleavage. This phase folds Late Triassic
and Middle Jurassic rocks and is correlated with Skeena
Fold belt deformation. It accommodates most of the short-
ening seen in the Mesozoic rocks.

SELECTED AREAS OF PALEOZOIC
STRATA

MESS CREEK

Southeast of the headwaters of Mess Creek a package
consisting of Early to Middle Devonian intermediate to fel-
sic volcaniclastic rocks, flows and limestones forms a north-
east-trending re-entrant in the More Creek pluton. The strata
are tightly folded and penetratively foliated about northeast-
erly-trending isoclinal, recumbent structures (D2). Ductile
fabr ics indica te layer-para l le l shears wi th top-
to-the-southeast sense of shearing. Rarely, a second folia-
tion, subparallel to the first, is developed in these rocks, sug-
gestive of a second early phase of deformation. Thin
foliated limestone lenses and pods exposed on either side of
Bear valley outline the northeast trace of an early fold limb

(Section M-M’, GS-Map, back pocket). Upright, moder-
ately tight northwest-trending, anticline-syncline pairs
refold the earlier foliation and bedding. Crenulation of the
early foliation is well developed in phyllitic limestone and
sericite-schist members. East to southeast trending and vari-
ably plunging kink bands and chevron folds characterize the
third phase of deformation. Rarely, north-trending spaced
fracture cleavage is present and presumed to represent the
last contractional phase of deformation.

EAST OF FORREST KERR PLUTON

Early Devonian to Early Permian rocks located west of
the Forrest Kerr fault and east of the FKP were termed “east-
ern” Stikine assemblage rocks by Logan et al. (1990a). The
rocks in this area (Lime Lake and vicinity) have been well
studied by various workers (Table 4-1). Read et al. (1989)
recognized three phases of deformation in the Forrest Kerr
Creek and southern More Creek areas. They limited the first
phase of folding to a post-Permian and pre-Middle Triassic
interval, and because the second and third phases affected
the Middle to Late Jurassic Bowser Lake Group, suggested
these phases were probably Early Cretaceous in age. Elsby
(1992) recognized four phases of deformation in the south-
ern Forrest Kerr area. These comprise an early pre-Late Tri-
assic phase, a second phase that accompanied progressively
higher metamorphism and strain that is of probable Triassic
to Jurassic age, and two subsequent phases. Elsby thought
the youngest phase may be associated with movement along
regional scale faults such as the Forrest Kerr fault zone.
McClelland et al. (1993) recognized that the early
schistosity in the country rock was cut by nonfoliated dikes
of the Late Devonian, Forrest Kerr pluton, implying a
pre-Late Devonian timing for the formation of the earliest
foliation. Gunning (1993) working in the same area, recog-
nized at least three, and perhaps four contractional
deformational events that folded Late Paleozoic strata at the
south end of Forrest Kerr Creek. All four events affected Pa-
leozoic rocks; therefore he concluded the folding was
post-Paleozoic. These various workers agree in general on
the fundamental structural relationships in the area. On the
other hand, interpretation and explanation of the overall
structurally complex, faulted and stratigraphically inverted
section above Lime Lake remains controversial.

Our “cross-section” (Figure 4-2) shows the area to
comprise up to four structural panels of fault-bounded and
interleaved Paleozoic and Mesozoic rocks. The upper
(western) thrust panel consists of carbonate and volcanic
rocks intruded at the top of the section by Late Devonian
quartz diorite of the Forrest Kerr pluton. Structurally below
is a panel of polydeformed thinly layered siliciclastic rocks
of Carboniferous and younger age. Massive green
plagioclase phyric metabasalt, breccias and volcaniclastic
rocks of Late Devonian to Early Carboniferous age underlie
the Carboniferous and younger strata and occupy the
footwall of the West Slope fault. East of the West Slope fault
(Read et al., 1989) are Permian limestone and Late Triassic
volcanic rocks. The Paleozoic strata west of West Slope
fault (Figure 4-2) are affected by a moderate, west- north-
west-dipping schistosity comprising transposed subparallel
foliation S1 and S2 planes. The schistosity is axial planar to
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Photo 4-4. West-trending, upright F3 kinks and crenulation cleav-
age developed in quartz sericite and chlorite schists in the headwa-
ters of Mess Creek.
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TABLE 4-1

COMPILATION AND COMPARISION OF STRUCTURAL FEATURES FOR THE

FORREST KERR-MESS CREEK AREA

MESS CREEK AREA

Deformation this study* Fold Orientation Characteristics Timing Reference

1st phase D1 isoclinal, rootless minor

folds

syn-metamorphism post-Permian but pre-

Middle Triassic

Holbek, 1988

2nd phase D2 isoclinal, rootless minor

folds, NW-trending

post-Permian but pre-

Middle Triassic

3rd phase D3 chevron kink band folds,

upright E-trending

post-Late Triassic

4th phase D4A

Parallel upright, N-

trending post-Late Triassic

FORREST KERR AND MORE CREEK AREAS

Deformation this study* Fold Orientation Characteristics Timing Reference

1st phase D1 & D2 mesoscopic isoclinal folds syn-metamorphism post-Permian but pre-Late

Triassic

Read et al ., 1989

2nd phase D4A upright, N and NE

macroscopic folds

post-Jurassic, probably

Early Cretaceous

3rd phase D4B upright, NW-trending post-Jurassic, probably

Early Cretaceous

SOUTH FORREST KERR AREA

Deformation this study* Fold Orientation Characteristics Timing Reference

1st phase D1 mesoscopic, NE-trending,

SE-verging isoclinal folds

syn-metamorphism pre-Late Triassic Elsby, 1992

2nd phase D2 mesoscopic, NE-trending,

SE-verging isoclinal folds

syn-metamorphism post-Paleozoic

3rd phase D3 upright, west to northwest ?

4th phase D4 macroscopic, NE to NW ?

SOUTH FORREST KERR AREA

Deformation this study* Fold Orientation Characteristics Timing Reference

1st phase D1 & D2 mesoscopic east-verging,

north plunging

post-Paleozoic Gunning, 1993

2nd phase D3 west-plunging folds post-Paleozoic

3rd phase D4A upright, NE-trending large

scale antiforms

post- Late Triassic

4th phase D4B upright, N-trending post- Late Triassic

This study*: equivalent event correlated to deformational event in Table 4-2.



tight recumbent, rootless isoclinal folds that are overprinted
by a gently southwest-plunging crenulation (S3) with its ax-
ial plane dipping steeply southeast. F3 fold axes are gently
fo lded about rough ly perpend icu la r fo ld axes .
Deformational styles, therefore, appear to be identical with
those present in the Late Paleozoic rocks west of Mess
Creek.

Read et al. (1989) and Logan et al. (1990b) suggest that
the upper limestone-volcanic section structurally overlies
the lower siliciclastic section along the west-dipping West
Lake thrust fault. McClelland (1992) interpreted the con-
tacts between these two divisions as gradational and con-
cluded that the Forrest Kerr section was an overturned but
otherwise intact section. Elsby (1992) recognized discrete
mylonitic shear zones in the West Lake fault zone and paral-
lel splays that are developed in the footwall stratigraphy. He
showed that these northwest-dipping structures coalesce
and root into subhorizontal, east-verging thrust faults (Fig-
ure 1-16-3, Elsby, 1992). Southeast-directed thrusting along
the West Lake fault predated development of the
north-trending syncline which deforms the thrust. The dis-
placement and timing on these southeasterly-directed struc-
tures is not constrained.

DEVONO-MISSISSIPPIAN
CONTRACTION (D1)

There is good evidence in the map area for a Late Devo-
nian phase of deformation. With the exception of some mas-
sive volcanic units, Early and Middle Devonian strata are
everywhere penetratively foliated and polydeformed. In
contrast, Late Devonian and Early Carboniferous volcanic
strata and in particular the mid-Carboniferous carbonate are
for the most part little deformed. The volcanic strata contain
primary volcanic-depositional features, the carbonate in
most cases have low conodont alteration indices (c.f. meta-
morphism), and there is at least one less phase of penetrative
deformation. The heterogeneity and competency contrasts
between the Late Paleozoic plutons and the volcanic and
carbonate units has contributed to strong strain partitioning,
although the preservation of little-deformed post
mid-Carboniferous age strata in this part of Stikinia during
subsequent Mesozoic and? younger deformations is intrigu-
ing.

Small pendants of fol ia ted and non fol ia ted
metasedimentary and metavolcanic rocks occur within both
the Late Devonian and Early Mississippian plutons. The sat-
ellite-border phase of the Forrest Kerr pluton (370.7±6.7
Ma) intrudes foliated Early to Middle Devonian

metasedimentary and metavolcanic (380±5 Ma) strata north
of Lime Lake. The pluton is multi-phased, equigranular to
sparsely porphyritic and not foliated. The intrusion does not
crosscut the foliation, so does not provide conclusive evi-
dence for a pre-Late Devonian deformation. However,
south of Lime Lake, McClelland et al. (1993) recognized
that the early schistosity in the country rock was cut by
nonfoliated apophyses of the Late Devonian Forrest Kerr
pluton, implying a pre-Late Devonian timing for the forma-
tion of the earliest foliation.

Foliated Paleozoic rocks are also intruded and crosscut
by non-foliated Early Jurassic monzogranite of the
McLymont Creek pluton, south of Lime Lake (Photo 4-5).
Gunning (1993) included this intrusion with the Late Devo-
nian Forrest Kerr suite, thus some of the structural relation-
ships he interpreted as post Devonian are actually younger
(i.e. post Early Jurassic).

West of the main body and south of Arctic Lake,
apophyses of the Early Mississippian More Creek pluton
(356.9+4.3-3.8 Ma), appear to be equally as penetratively
deformed as the country rocks which they intrude (Logan et
al., 1992a). At its’ southern end, Devonian and Early Car-
boniferous volcaniclastic and interbedded tuffs are
skarnified by quartz-rich tonalite intrusions of the More
Creek pluton. These apophyses are injected parallel to
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Figure 4-2. Schematic cross-section of the structurally interleaved and inverted Early Devonian to Late Triassic strata exposed west of the
Forrest Kerr Fault and east of the Late Devonian Forrest Kerr pluton. Unit designators and section line corresponds in part to Section U-V,
on GS-Map, in back pocket.

Photo 4-5. Intrusive contact relationships at the northeast margin
of the McLymont Creek Pluton, between Early Jurassic medium
grained hornblende, biotite monzogranite and undivided Paleo-
zoic meta-tuffaceous sediments.



compositional layering and provide no constraints on the
timing of this deformation. The ~330 Ma cooling ages for
the More Creek pluton may reflect the uplift and unroofing
required for the nonconformable deposition of Mid-Car-
boniferous carbonate rocks on the pluton east of Mess
Creek.

PERMO-TRIASSIC DEFORMATION
(CIRCA 240 Ma)

Mesozoic rocks in this part of Stikinia developed on a
basement of deformed and uplifted Paleozoic rocks of the
Stikine assemblage. The Tahltanian orogeny represents a
Permian to pre-Late Triassic episode of deformation, meta-
morphism and uplift first recognized in the Tulsequah and
Telegraph Creek areas (Souther, 1971, 1972). Read (1983,
1984) and Read et al. (1983) suggested an older, Late Perm-
ian to Early Triassic interval for this event on the basis that
the Middle Triassic rocks in the Iskut and Stikine areas do
not contain the first phase fabrics that are present in Early
Triassic and older rocks. In the Iskut River area the region-
ally extensive Permo-Triassic disconformity is marked by
local polymictic conglomerate, a regional decrease in cono-
dont colour alteration index with younger strata, and an an-
gular unconformity between recumbently folded Early
Permian limestone and overlying Late Triassic(?) mafic
volcanics (Anderson, 1989, 1993). Evidence for a
Permo-Triassic metamorphic event in the Telegraph Creek
area is based on the conodont colour alteration index and is
equivocal (Brown et al., 1991; Logan and Koyanagi, 1994;
this study). In fact, it could be argued (Figure 4-7) that the
data preclude a metamorphic event, and therefore this type
of data must be interpreted with care in areas with compli-
cated structural and thermal histories.

A variety of lithologies and ages of strata mark the Pa-
leozoic to Mesozoic transition for this part of northwestern
Stikinia. With the exception of the single condensed section
of Upper Permian strata exposed at the Scud glacier, it is
g e n e r a l l y E a r l y P e r m i a n l i m e s t o n e w h i c h a r e
disconformably overlain by Early, Middle or Late Triassic
units. The sections are paraconformable but disconformities
of varying duration occur in different areas, generally with a
hiatus from the Late Permian to various parts of the Triassic.
Angular unconformities are rare, the basal “Stuhini” con-
glomerate which overlies deformed Paleozoic rocks in
Sittakany valley (Souther, 1971) has yielded Tertiary, U-Pb
dates and is correlative with the Sloko Group (Mihalynuk et
al., 1994).

Early Permian, Artinskian limestones are overlain by a
coarse polylithic basal conglomerate of Late Triassic
Carnian age in the Galore Creek area. Angular limestone
clasts and chert fragments similar to chert interbedded with
the Permian limestone suggest a local erosional source at
this location (Logan and Koyanagi, 1994). Further east, in
the Mess Lake area, Late Triassic mafic tuff and/or fine
sandstone and siltstone overlie Early Permian limestone
(Photo 2-20). Either restricted sedimentation and/or non
sedimentation during the Late Permian to Middle Triassic
(Read and Okulitch, 1977) or post-Early Triassic uplift, de-
formation(?) and erosion are possible scenarios for the

Tahltanian interval in this area. The appreciable difference
in deformational style between Paleozoic and Triassic strata
suggests that the Tahltanian Orogeny was a compressive
deformational event in this part of Stikinia. It probably fol-
lowed a period of restricted sedimentation during the Late
Permian to Middle Triassic (chert and black clastic rocks at
Galore Creek, Logan and Koyanagi, 1994), it affected rocks
older than Carnian, but did not coincide with a regional
Barrovian metamorphic event.

PRE-LATE TRIASSIC CONTRACTION
(D2)

In the northern part of the map area, Late Carboniferous
rocks that underlie the plateau between Skeeter and Mess
lakes show the same basic fold geometries and relationships
as the Devono-Mississippian rocks located east of Mess
Creek. These rocks are penetratively foliated and schistose
just like those to the south, in the Mess Creek area. Only S1

appears to be absent in the Late Carboniferous rocks. Foli-
ated, thin-bedded tuff and carbonate display both recumbent
isoclinal and tight parallel folds in cliff exposures on both
sides of the plateau. Most folds have amplitudes on a scale
of several metres. Fold axes plunge gently either northwest
or southeast, and vergence appears to be to the northeast; ax-
ial surfaces dip gently to the southwest. Schistose and slaty
beds also display millimetre and centimetre-scale
crenulation folds. Foliation is typically subparallel to bed-
ding, except in apparent fold closures. The massive basalt of
Unit uCSb is weakly foliated in places but shows no evi-
dence of folding. The poor correlation between stratigraphic
age and degree of deformation across the map area suggests
that strata forming the ridge between Skeeter and Mess
lakes have undergone one fewer deformational event, and
that most of the strain was taken up in the carbonate and fine
grained sedimentary rocks, possibly during thrust faulting.
The only other place that this level of deformation was seen
in Early to mid-Carboniferous rocks is four km west of the
headwaters of Mess Creek, in the Galore Creek area (Logan
and Koyanagi, 1994).

Mid-Carboniferous carbonate rocks east of Mess Creek
unconformably overlie the Early Mississippian More Creek
pluton and Late Devonian to Early Mississippian
volcaniclastic rocks, and are unaffected by penetrative de-
formation. The rocks are deformed into open, gentle folds
on a scale of hundreds of metres. The folds are the only de-
formation recognized in the carbonate and may reflect
movement in the underlying rocks.

Late Carboniferous volcanic rocks and Early Permian
carbonate east of Mess Creek are homoclinal; minor devia-
tions in attitude are due to brittle faulting and disruption by
intrusion of the Loon Lake stock. On the south slope of
Tadekho Creek, the carbonate is deformed into large open
folds. It is also drag folded adjacent to a minor,
north-trending fault about 4 km southwest of Exile Hill.
The most extensive deformation is adjacent to a well-ex-
posed listric fault that places Early Jurassic conglomerate
against Early Permian limestone. Approaching the fault
from the east, bedding dips in the carbonate steepen from
shallow to vertical, and become east-dipping adjacent to the
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fault. Either the east-dipping beds are overturned or the car-
bonate is tightly folded into an upright syncline in which the
closure is not exposed.

Similar mid-Carboniferous carbonate and Late Car-
boniferous coarse clastics with lesser Early Permian car-
bonate and volcanic conglomerate (Stikine “western”
assemblage of Logan et al., 1990a) comprise for the most
part southwest-dipping and facing (?) homoclinal panels
west of the Newmont Lake graben. Folds and low-angle
thrusts are disrupted by numerous high-angle faults.

DEFORMATIONAL HISTORY OF
MESOZOIC STRATA

EARLY JURASSIC CONTRACTION (D3)
(CIRCA 185 Ma)

Third phase structures in the Paleozoic rocks are char-
acterized by upright, open to tight, crenulation folds and
kink bands. Fold axes generally plunge easterly, axial sur-
faces dip steeply south (Photo 4-6). Similar upright folds
with chevron cores affect the Late Triassic Stuhini Group
sedimentary rocks in the area, do not offset the map pattern
of the rock units. Folds are sparse within the Stuhini Group;
bedding commonly dips steeply but closures are rarely seen.
Large-scale warps with km-scale wavelengths are common.
Small-scale folds are brittle features, typically upright box
folds with chevron cores.

Late Triassic rocks east of Mess Creek have steep west-
erly dips. Most of the variation in bedding attitudes in these
rocks probably resulted from intrusion of the Loon Lake
stock. Later high-angle listric faulting has further back-ro-
tated the strata. Outcrop exposures are too poor to recognize
large-scale folds but minor folds were observed in a small
creek about 7 km southwest of Nahta Cone. Gently-dipping
Early Jurassic conglomerate overlie the Late Triassic volca-
nic and intrusive rocks with angular unconformity north-
west of Arctic Lake. The unconformity is also exposed at
two locations east of Mess Creek; 5 km north and 2.5 km
south of the Schaft Creek porphyry deposit (GS-Map, in
back pocket). The angular unconformity suggests a period
of post-Late Triassic tectonism, either block faulting or
folding. A post-Late Triassic and pre-Hettangian angular
unconformity, marked by a basal conglomerate, is located
south of the map area in the Sulphurets area (Henderson et
al., 1992). The presence of a basal conglomerate and the
older age of the unconformity located at Sulphurets more
closely corresponds to the relationships in the Mess Creek
area. Brown and Greig (1990) describe folding in Triassic
rocks beneath an angular unconformity with homoclinal
Early Jurassic volcanic rocks to the north. The Toarcian age
of the overlying volcanics constrains the upper limit of this
contractional event (Brown et al., 1996).

Stuhini Group strata are folded about northerly
trending structures interpreted to be Late Jurassic to Creta-
ceous in age, and therefore pre-date the development of the
Skeena Fold and Thrust belt. These structures are tenta-
tively correlated with the late Early Jurassic event recog-
nized to the north (Brown et al., 1996).

LATE JURASSIC TO TERTIARY
CONTRACTION (D4A & D4B)

Mesozoic rocks underlie the majority of the area east of
the Forrest Kerr fault. They comprise mainly fine grained
tuff and sedimentary rocks of the Late Triassic Stuhini,
Early Jurassic Hazelton and Middle Jurassic Bowser Lake
groups. In most locations Mesozoic rocks contain variably
developed cleavage. In general these fabrics strike northerly
to northeasterly and have steep dips (Photo 4-7).
Well-bedded sections are conspicuously folded. Open, up-
right folds with wavelengths up to several km vary from
mainly north trending in the area north of More Creek to
northwest and northerly trending south of More Creek.
Folds are generally chevron or open box-folds and locally
there are minor kink bands. Rarely minor folds are isoclinal.
Most folds appear to be disharmonic with varying ax-
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Photo 4-6. West-trending, upright F3 chevron folds developed in
Early to Middle Devonian interlayered calcareous phyllite and
chlorite sericite schists northeast of the Foremore property.

Photo 4-7. Well developed axial planar cleavage developed in Up-
per Triassic thin bedded siltstones and shales. The pencil (15 cm) is
oriented parallel to cleavage.



ial-plane orientations and many are disrupted by high-angle
faulting.

Paleozoic rocks east of the Forrest Kerr fault are re-
stricted to a northeast-trending structural culmination lo-
cated between the Iskut River and Forrest Kerr Creek. The
rocks consist of thin bedded tuffaceous green and grey
siltstone interbedded with lenses of grey Early Permian car-
bonate. These strata together with the overlying Triassic
rocks are folded into large, upright, tight, east-trending
structures. A south directed thrust fault (Kerr Bend fault,
Read et al., 1989) defines the southern boundary of the cul-
mination. If the north-south contraction responsible for
folding also juxtaposed the Paleozoic and Triassic rocks on
top of the Middle Jurassic pillowed basalts, then this phase
of deformation postdates the Middle Jurassic. Alternatively
if the thrusting reactivated older structures, the
east-trending folds may be substantially older and correla-
tive with east-trending structures in Paleozoic rocks in the
Mess Creek area (D3) .

SELECTED AREAS OF MESOZOIC STRATA

West of Mess Creek, Late Triassic rocks dip steeply to
the southwest and northeast, suggesting either tight folding
or large fault rotations. The paucity of bedding attitudes in
much of the section hinders recognition of folding. No mi-
nor structures were observed in volcanic rocks, suggesting
mainly brittle deformation. Tight noncylindrical folds do
occur in well-bedded sandstone and tuff. Well-bedded tuff is
drag folded into a shallow, open northwest-trending
anticline against a normal fault, 5 km north of the Schaft
Creek deposit.

In the More Creek area, folding close to the Forrest
Kerr fault is tight, disharmonic and asymmetric; eastward it
becomes progressively more open, away from the fault.
Westerly trending chevron folds with decimetre amplitudes
affect Late Triassic siltstone and sandstone north of More
Creek. Orthogonal, north-trending km scale open, upright
syncline and anticline pairs affect the Late Triassic strata un-
derlying the area east of the Forrest Kerr fault and north of
More Creek (Photo 4-8).

In the area between More and Downpour creeks, Early
and Middle Jurassic tuffaceous siltstone, sandstone and vol-
canic rocks are folded into upright to inclined, open, chev-
ron folds (Figure 4-3). Thinly layered, black and orange
sandy phyllite is variably folded into southeasterly inclined
folds. The bedding-cleavage relationships on the east limb
suggest the beds are moderately to tightly folded indicating
a syncline to the west. This synclinal structure is bounded on
the west by the Forrest Kerr fault and a steep to easterly dip-
ping fault structure on the east (Photo 4-9).

Pillowed basalt flows of the Salmon River Formation
have no penetrative fabric, and pillow forms preserve their
primary depositional forms. Interbedded siltstone is
disharmonically folded. North of the confluence of Forrest
Kerr Creek and Iskut River a large competent block of pri-
marily pillowed flows and breccias is folded into a north-
east-trending anticline, the Pillow Ridge anticline (Read et
al., 1989).

South of the Iskut River, Bowser Lake Group shale and
siltstone have a well-developed slaty cleavage. The cleav-
age is axial planar to north northeast-trending upright folds.
The cleavage is refracted across interbedded sandstone
beds. Asecond, west northwest-trending cleavage, orthogo-
nal to the first is present in the shale and siltstone units
southeast of the Iskut River. Bedding cleavage intersections
have produced good pencil cleavage lineation in the shale
beds.

AGE CONSTRAINTS (D3 & D4)

Placing age constraints on the post-Late Triassic and
post-Jurassic folding and faulting is difficult. Late Triassic
strata, and older rocks, in the Galore Creek area are folded
about two virtually orthogonal axes. The earlier event is
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Photo 4-8. Upright, open north-trending syncline in Upper Triassic
augite and feldspar-rich volcaniclastic sandstones, siltstones and
limestone conglomerates north of More Creek, viewed north
northwest. Gossan in foreground is developed adjacent to Early Ju-
rassic or younger subvolcanic plugs at the Biskut showing.

Photo 4-9. Gentle, upright north trending D4 folds on east limb of
the Downpour syncline. The syncline is cut by a steep north
trending fault, viewed to the south.



characterized by northeast-trending folds, the later by north
to northwest axial trends. Although these are apparently two
phases of folding, no folded cleavages or folded folds have
been observed (Logan and Koyanagi, 1994). Locally,
north-trending folds progressively tighten westward into
southwest-verging folds and thrust panels. The south-
west-verging structures may represent back thrusting re-
lated to the overall northeast-directed compression recorded
by the northeasterly vergent folds and faults in the northern
Bowser Basin that are related to Late Jurassic to Early Cre-
taceous development of the Skeena Fold and Thrust Belt
(Evenchick, 1991a,b).

Westerly trending chevron and kink band folds affect
rocks as young as Late Triassic, their age is difficult to con-
strain, although they are older than north-trending open, up-
right folds and faults in the More Creek area. These phase 3
structures may have formed in response to Middle Jurassic
deformation accompanying southward thrusting of Cache
Creek Terrane onto Stikinia along the King Salmon fault
(Souther, 1972).

Two orthogonal fold sets deform Middle to Late Juras-
sic Bowser Lake Group sedimentary rocks in the Forrest
Kerr area; an early north to northeasterly trending set, and a
later set trending west to northwesterly. Two main phases of
contractional deformation affect the same overlap assem-
blage rocks northeast of the map area and caused develop-
ment of the Late Jurassic to latest Cretaceous Skeena Fold
Belt (Evenchick, 1991a,b). The first, an east-west
compressional event of Late Jurassic to Early Cretaceous
age resulted in east-directed thrusting. This was followed by
deposition, derived from the east, of the lower Sustut Group.
The second event, of Late Cretaceous to Tertiary age, devel-
oped east-verging thrusts and folds and was followed by de-
position of the upper Sustut Group in the foreland of the
eastward propagating Skeena Fold and Thrust Belt.

LATE TERTIARY STRUCTURES

The only Late Tertiary structures recognized in the area
are north-trending extensional faults and possibly north-
east-trending horst and graben structures. Many of these
acted as conduits for eruption of Pliocene and younger
tephra cones and basalt flows. These Tertiary structures are
related to east-west extension and probably dextral transla-
tion on major north and northwesterly trending structures in
the area (Figure 4-4).

FAULTS

Regional scale faults cross the study area and control
the distribution and structural level of lithostratigraphic
packages. The two main fault systems: the Forrest Kerr and
Mess Creek fault zones, trend northerly (Figure 4-1). Acon-
jugate set of near vertical northwest and northeast trending
faults is also prominent. Some of the conjugate faults are cut
by the younger north-trending faults, whereas others change
direction and merge with the north-trending structures, thus
relative timing of movement on these fault sets is not clear.
Northeasterly faults form two complex, broad, but rela-
tively restricted zones: on the west flank of the FKP, north of
Newmont Lake and on the western flank of the MCP, west of
Arctic Lake; they are important controls for mineralization.
The current orientation of north-trending fault systems and
northeast-trending extension structures is compatible with a
dextral strike slip regime, a Cordilleran wide phenomena
during the Cenozoic (Figure 4-4).

NORTH-TRENDING CONTRACTIONAL

FAULTS

North-trending, west-dipping thrust faults with
top-to-the east or southeast sense of motion were mapped
west of Mess Creek (Holbek, 1988), and east of Forrest Kerr
Creek (Read et al., 1989). A thrust fault which duplicates
Carboniferous marble and sediments above Late Carbonif-
erous conglomerate is tentatively interpreted for the area
west of Newmont Lake. The thrust is marked by about 1
metre of sheared chloritic breccia at the base of thick
mid-Carboniferous carbonate. Across the map area, inter-
leaving of polydeformed with less deformed Paleozoic
strata suggests the presence of other unrecognized thrust
faults. This is probably the case in the area between the For-
rest Kerr Pluton and Forrest Kerr fault and in the Mess
Creek area.

The northerly trending West Lake and West Slope
faults (Read et al., 1989), occur west of the Forrest Kerr
fault in the southern part of the map area. They are folded,
regional-scale structures characterized by low angle east-
erly-directed movement. Read et al. (1989) correlate the
West Slope fault with similar low angle fault structures to
the north in the Stikine Canyon area (Read, 1983, 1984).
There the structures do not cut, and therefore predate, the
Cretaceous Sustut Group rocks.
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Figure 4-3. Schematic cross-section of the Lower to Middle Jurassic sedimentary and volcanic strata of the Hazelton Group, illustrating the
synclinal form in the area between Downpour and More creeks. Folds are northerly trending, west-verging phase four structures. Unit de-
signators and section line corresponds in part to Section O-P, on GS-Map, in back pocket.



WEST LAKE FAULT

The West Lake thrust fault, which extends north north-
eastward for about 15 km from Lime Lake to Forrest Kerr
Creek, dips moderately to the west (Figure 4-1). Early De-
vonian layered rocks and Late Devonian intrusive rocks in
the hangingwall at the south and north end of the fault re-
spectively, have moved southeast and east over Carbonifer-
ous rocks of the footwall (Figure 4-2, Photo 4-10). Discrete,
narrow ductile strain zones define the thrust zone. Studies of
deformed L1 linear structures within F2 folds indicate that
the shear direction trends to the southeast at a high angle to
the northeast-trending F2 folds. Elsby (1992) interpreted
this data, together with work by Read et al. (1989), and con-
cluded that the latest movement on the West Lake thrust was
directed toward the southeast.

WEST SLOPE FAULT

The West Slope fault extends for over 25 km from north
of Forrest Kerr Creek to the Iskut River. It is a moderately

steep, easterly dipping fault which trends northerly merging
with the Forrest Kerr fault trace north of Forrest Kerr Creek
(Figure 4-1). At its southern extent, in the Iskut River Can-
yon, Read et al. (1989) show the fault folded about the
northeast-trending Canyon syncline. The fault juxtaposes
Late Paleozoic rocks west of the fault with Early Permian
carbonate and Late Triassic Stuhini Group volcanic and sed-
imentary rocks of the footwall, east of the fault. Strata west
of the fault are thin bedded, well foliated siliceous siltstone
and tuff which dip westerly. A near vertical, north-trending
spaced fracture set cuts carbonate adjacent and east of the
linear. The fault zone is marked by a several metre wide
limonitic alteration zone. Alteration overprints and for the
most part obliterates the zone but the fabrics developed
along its length are brittle, sub-vertical spaced fractures.

EAST-TRENDING CONTRACTIONAL FAULTS

East-trending linears, faults and fractures traverse the
map area, but are particularly abundant in the Iskut River
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Figure 4-4. False colour enhanced, 1985-Landsat image (bands 3, 4 and 5) of the Stikine-Iskut rivers area with the dominant geographical
and structural features added. Insert shows the structures formed after infinitesimal simple shear in a dextral strike slip fault zone. North-
east-trending extensional features include the Newmont Lake and Sphaler Creek grabens. MHF-SUF = Harrymel/Melville South Unuk
Fault, FKF= Forrest Kerr Fault, MF= McLymont Fault, SRF= Scud River Fault, MF= Mess Creek Fault.



Valley where previous workers speculated on the presence
of an Iskut River Fault zone (Figure 4-4). Possible
post-Early Jurassic strike-slip displacement on this inferred
fault is limited to less than 10 km by the Early Jurassic
plutonic rocks which straddle the Iskut River at its junction
with Forrest Kerr and McLymont creeks. The McLymont
Creek pluton on the north side of the Iskut River is the same
composition and age as the Lehto batholith located south of
the Iskut River. The aeromagnetic survey map for the Dease
Lake area shows a single anomaly encompassing both bod-
ies.

The Kerr Bend thrust fault is an early, easterly trending
fault that was later folded (Read et al., 1989). It extends east-
erly from the Iskut River to Forrest Kerr Creek (Figure 4-1).
It carries Late Triassic and Paleozoic strata southward over
pillowed basalts of the Middle Jurassic Salmon River For-
mation and shale of the Bowser Lake Group. A penetrative
foliation is present in tuff of the hangingwall for up to 100
metres above the lower thrust contact with Middle Jurassic
pillow basalt of the footwall. The fault predates formation of
the northeast-trending Kerr Bend anticline, a second phase
post-Jurassic, probable Early Cretaceous structure (Read et
al., 1989), which deforms the eastern end of the thrust fault.

Another east-trending structure is interpreted to lie in
the valley of More Creek. The structure extends east from
Forrest Kerr fault and accommodates juxtaposition of Early
to Middle Jurassic sedimentary and volcanic strata, which
occur south of the river, with Late Triassic volcaniclastic
and sedimentary rocks which underlie the area north of
More Creek (Figure 4-1).

NORTH-TRENDING REGIONAL STRUCTURES

The north-trending valleys of the Iskut River and Mess
Creek are believed to have been controlled by major fault
zones that have undergone repeated movement (Souther
1972). The majority of north-trending normal faults proba-

bly developed during the Early Tertiary, when east-west ex-
tension controlled faulting, dike swarms and eruption of
Sloko Group volcanic rocks in the Telegraph Creek area
(Souther 1972, 1992; Brown et al., 1996). Extension contin-
ued after deposition of the Eocene strata with development
of north-trending normal faults that bound horst and graben
s t ruc tu res ( i . e . Mess Creek graben) . The main
north-trending regional structures are probably crustal scale
features which controlled the location of Neogene eruptive
centres (Souther, 1992). However, some north-trending re-
gional structures in the area were active in the Mesozoic.
South of the Iskut River, U-Pb dating of syntectonic intru-
sions indicate that the South Unuk-Harrymel shear zone
was active in the Middle Jurassic (J. Mortensen, personal
communication, 1995, in Macdonald et al., 1996).

MESS CREEK FAULT

The north-trending Mess Creek fault zone lies along an
abrupt topographic contrast between the rugged high peaks
of Late Triassic volcanic and plutonic rocks on the west
from the flat-lying Pliocene Edziza volcanic complex and
Paleozoic basement rocks of the Arctic Lake plateau on the
east. Unlike the relatively narrow Forrest Kerr fault zone,
the Mess Creek fault comprises a zone up to 7 km wide that
consists of a series of curvilinear north-trending faults that
end near the headwaters of Mess Creek. Northeast-trending
splays cross the ridge between Skeeter and Mess Lake val-
leys. The Mess Creek fault system has undergone repeated
movement, beginning at least in the Late Jurassic and con-
tinuing into the Quaternary (Souther and Symons, 1974).

Motion along the north-trending fault zones has been
complex and repetitive and this is borne out by the appar-
ently contradictory sense of movement on many of these
structures. The youngest motions recognized are normal.
Net relative motion across the Mess Creek fault zone indi-
cates two separate episodes of opposite-sense, normal
movement in the Tertiary. The first episode uplifted rocks
east of Mess Creek and the Skeeter Lake block relative to
rocks to the west, the second had the opposite sense of dis-
placement and rocks west of Mess Creek were uplifted rela-
tive to rocks to the east. Souther (1972) inferred substantial
west-side-up motion on the Mess Creek fault system to ex-
plain the abrupt termination of the early Tertiary erosion
surface. He recognized the gently west-dipping erosion sur-
face on the east side of Mess Creek valley but not on the west
side and concluded that the western side had been uplifted
and eroded off. The youngest dated rock that the Early Ter-
tiary erosion surface affects is the Elwyn Creek Pluton
(53.1±2.4 Ma, K-Ar, biotite; Souther, 1992) and the oldest
dated lavas of the Edziza volcanic complex that flowed over
it are Late Miocene Raspberry Formation lavas. Thus the
erosion surface developed between Early Tertiary and Late
Miocene time. Uplift west of the Mess Creek fault, and ulti-
mately erosion of this surface probably post-dates the Early
Miocene. The present juxtaposition of Paleozoic rocks east
of the fault zone with Late Triassic rocks to the west sug-
gests an earlier east-side-up sense of motion. This episode
brought rocks as old as Devonian to the surface prior to
eruption of the Mount Edziza volcanic complex in the Late
Miocene. Most of the movement was probably accommo-
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Photo 4-10. Deformed, intrusive contact between Late Devonian
Forrest Kerr pluton (diorite phase) and Early to Middle Devonian
carbonates, located west and above Forrest Kerr Creek. The top to
the east-southeast sense of shear characterize the West Lake thrust
zone in this area. Viewed to the north.



dated along faults presently lying in the Mess Creek and
Schaft Creek-Skeeter Lake valleys. If the east-side-down
motion on the Forrest Kerr fault coincided with early
east-side-up motion on the Mess Creek Fault, the interven-
ing fault blocks of Paleozoic plutons and layered rocks
would have been positive horst structures in the Tertiary.

West of Arctic Lake the eastern margin of the Mess
Creek fault zone is characterized by an anastamosing sys-
tem of young listric fault blocks in which Early Jurassic
rocks are preserved. The trace of the main listric fault is well
exposed and runs along the edge of the Arctic Lake plateau
from just south of Nahta Cone to west of Arctic Lake in the
More Creek map area (Figure 4-1). The hangingwall has
moved down and westward, tilting strata to the east.
Hangingwall rocks comprise east-dipping Early Jurassic
conglomerate, which unconformably overly an Late Trias-
sic sequence of west-dipping (overturned) volcanic, sedi-
mentary and intrusive rocks. Hangingwall rocks include
west-dipping Early Permian carbonate north of Arctic Lake,
and Early Mississippian tonalite of the More Creek pluton
south of the lake. A maroon, quartz-porphyroclastic breccia
unit is exposed along the entire length of the listric fault. It is
an altered fault breccia unit developed variably in the
footwall quartz tonalite and hangingwall conglomerate
units.

The post-Early Miocene extensional episode uplifted
rocks west of Mess Creek and Skeeter Lake along numerous
faults located east of the creek. Uplift was young enough to
affect the distribution of Eocene and younger rocks to the
east, and to cause the dramatic difference in topography
across Mess Creek. Souther (1970) concluded that move-
ment occurred in at least three episodes between
post-Pliocene time and 1340 years B.P. Normal faults which
cut the volcanic rocks show progressively greater offset of
the older flows, suggesting that they are syn-volcanic
growth faults (Souther, 1992). East of Mess Creek,
west-side-up faults repeat Early Permian stratigraphy south
of Tadekho Creek. Drag folds in Early Permian limestone
clearly indicate west-side-up movement along a
north-trending structure in a creek bed, 4 km southwest of
Exile Hill.

FORREST KERR FAULT ZONE

The north-trending Forrest Kerr fault system and corre-
sponding regional lineament extends from the Iskut River to
the north edge of the More Creek map area. It is a vertical to
steep easterly dipping structure, on which the most recent
fabrics (slickensides) indicate strike-slip displacement. In
the south, north of the Iskut River, it follows Forrest Kerr
Creek, where it separates Mesozoic volcanic and sedimen-
tary rocks on the east from Paleozoic metavolcanic and
metasedimentary rocks and Devonian granitic plutons on
the west (Figure 4-1, 4-4, Photo 4-11). To the north, the fault
zone bends northwesterly, crosses into the More Creek
drainage and can be traced for another ten km after which it
disappears beneath Pleistocene basalts of the Arctic Lake
Formation in the valley of More Creek. From this point, the
fault probably continues northward, although, Read et al.
(1989) suggest the fault steps, en echelon, westward to the
northerly trending faults in the Mess Creek Graben (Figure

4-4). The northern portion of the fault, in the More Creek
area, separates similar stratigraphic packages; older rocks to
the west, younger to the east. The stratigraphic distribution
supports east-side-down movement for the fault in the For-
rest Kerr and More Creek areas. Near the junction of Forrest
Kerr Creek and the Iskut River, the presence of 2000 metres
of Middle Jurassic pillow basalts east of the fault and none
west of the fault suggests a minimum vertical displacement
of 2000 metres east-side-down for the FKF (Read et al.,
1989).

The Forrest Kerr fault system (FKF) and the
north-trending Harrymel/Melville fault (HMF), situated
south of the Iskut River, were first mapped by Read et al.
(1989). They discarded the possibility that the FKF is the
offset northern extension of the HMF because they recog-
nized opposite movement histories for each structure. They
postulated at least a 2.5 km component of sinistral,
oblique-slip motion on the FKF based on offset of the Pillow
Ridge anticline and the West Slope anticline, its assumed
extension west of the fault (Figure 4-1). South of the Iskut
River, there are subhorizontal slickensides on the HMF, and
an apparent 2.5 km offset of an intrusive contact indicates
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Photo 4-11. Looking north, from the confluence of Forrest Kerr
Creek and the Iskut River along the trace of the Forrest Kerr Fault
(FKF). The fault continues past the northwest bend of Forrest Kerr
Creek, up into the hanging valley (area of Foregold showing) and
northwards into the More Creek map-area where Hankin peak
dominates the horizon. A narrowly defined linear converging
northwards into the FKF from the west is the trace of the West
Slope Fault.



that the fault had a dextral strike-slip component of motion
(Read et al., 1989). Other workers have traced the HMF
structure south along the Unuk River where it is referred to
as the South Unuk-Harrymel fault system. Near Lee Brant
Creek, along the east flank of the South Unuk River valley,
Lewis (1992) mapped mesoscopic kinematic indicators as-
sociated with sub-horizontal stretching lineations which
consistently show a component of sinistral shear. At its
north end the structure is a narrow brittle shear zone, but it
widens to more than 2 km in the south, where it accommo-
dates up to 20 km or more of sinistral strike-slip displace-
ment. The South Unuk-Harrymel shear zone was active in
the Middle-Jurassic (Macdonald et al., 1996).

Mapping along the Forrest Kerr fault system is, for the
most part, hampered by poor exposure. The southern trace
of the FKF occupies the valley of Forrest Kerr Creek, where
it is covered by overburden. North of Forrest Kerr Creek the
fault is not a discrete structure, but a zone from 500 up to
1000 metres wide containing numerous fault planes. In the
vicinity of the headwaters of Downpour Creek, where the
faults are narrow to metre-wide brittle limonitic fault zones
they controlled fluid flow and rock alteration. Air-photo
linears and north-trending parallel features mark the trace of
individual structures. Slickensides measured on a fault
plane south of More Creek plunge gently to the south and in-
dicate a dextral strike-slip component to latest movement.
Further north and east of More Creek, the fault zone is
marked by a highly fractured zone extending over 200
metres west into the hangingwall granite of the More Creek
pluton and possibly a greater distance eastward into black
siliceous clastics of the footwall rocks. Both fracture sur-
faces and the faulted contact dip steeply west and strike
northerly to northwesterly. Anastamosing brittle chlorite
filled fractures pervade the intrusion. Chlorite, serpentine
and calcite coat bedding parallel slip planes and fracture sur-
faces in siltstone and sandstone east of the fault. No consis-
tent sense of motion could be established for the structure at
this location. At the headwaters of More Creek (Figure 4-1),
in hangingwall rocks east of the main fault trace is a 2.5 km
wide zone of discre te narrow bri t t le faul ts and

north-trending zones of fractured rock. The faults crosscut
north northeast-trending folds and therefore are late syn- to
post-folding. Displacements range from 10’s to less than
100 metres. The relationship of these faults to the Forrest
Kerr structure is not clear.

AGE CONSTRAINTS

Recent lava flows in the Iskut River canyon are dated at
about 70 000 years old (K-Ar), near the base and overlying
basalts are dated at 8730 years old by carbon 14 methods
(Hauksdottir et al., 1994). The FKF does not apparently dis-
place these lavas. Further north, normal faulting on different
structures has displaced Edziza flows as young as 20 000
years old but do not offset basalt flows erupted 1340 years
ago (Souther, 1970). The spatial association of Recent vol-
canic centres with north-trending structures is well docu-
mented and the deep-rooted nature of these structures is
evidenced by the peralkaline nature of the Mount Edziza
volcanic complex (Souther and Symons, 1974), which is
typical of melts produced by crustal rifting.

EXTENSIONAL FAULTS: GRABEN

STRUCTURES

NEWMONT LAKE GRABEN

The Newmont Lake graben is a 3 km wide north-
east-trending post-Late Triassic structure (Figure 4-1). It
extends 20 km northeastward from McLymont Creek and
demarcates the faulted northwestern contact of the Forrest
Kerr Pluton. The structure appears to separate the Forrest
Kerr pluton from the More Creek pluton at its northern ex-
tent, then apparently ends 5 km east of the Forrest Kerr Fault
system. The eastern boundary of the graben consists of a one
km wide zone of intersecting northeast and north-trending
high-angle faults (Figure 4-5). Faulted slivers of Early
Permian carbonate, Late Carboniferous conglomerate and
Devonian to Early Carboniferous volcanic rocks are caught
up in this zone which separates the FKP from Late Triassic
rocks of the graben. In addition, east of the major
graben-bounding fault is a small panel of mid-Carbonifer-
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Figure 4-5. Schematic cross-section of the post-Upper Triassic Newmont Lake graben, illustrating the simple sharp western boundary de-
fined by the McLymont Creek fault and the complex multiply-faulted eastern boundary which abuts the Forrest Kerr pluton. Folds in the
graben are northeasterly trending, open warps. Unit designators and section line corresponds in part to Section U-V, on GS-Map, in back
pocket.



ous carbonate. It lies either in unconformable contact with
the Late Devonian FKP or more likely in faulted contact.
Early Permian carbonate and volcanic rocks at the south end
of the graben are mainly homoclinal and compose south-
west-dipping fault blocks. The McLymont Fault bounds the
structure to the west. It is a single, strong, 040 degree
trending structure that separates middle and Late Carbonif-
erous strata (to the west) from Late Triassic strata within the
graben. The dip of the fault is steep, but the direction is un-
known.

The McLymont fault truncates northwesterly-trending
folds in older rocks to the west. The same north-
west-trending folds and strata are present on the eastern
edge of the graben. Late Triassic rocks in the graben are
folded about northeast-trending axes, parallel to the length
of the graben, but orthogonal to folds in the adjacent older
rocks. The northeast-trending folds and faults are cut by
northerly-trending structures. Ray et al. (1991) interpreted
these to be second-order splay faults off the main north-
east-trending structure. Slickensides on one of these
north-striking, steep east-dipping structures plunge steeply
east. Subhorizontal slickensides and the progressive north-
ward displacement of segments of an east-trending, undated

lamprophyre dike indicate a dextral sense of motion on
north-trending structures in the graben (Figure 4-6).

Ray et al. (1991) also recognized a series of younger
east-trending faults which offset the north-trending struc-
tures. Slickensides indicate subhorizontal dextral motion. If
these are the same generation as the east-trending fracture
zones and linears exposed in the Iskut River valley then a
dextral sense of motion is indicated for these features also.
Read et al. (1989) documented right lateral motion in excess
of 4 km on the east to northeast trending Lehto Creek shear
zone, located south of the Iskut River.

The McLymont Graben structure is an extensional fea-
ture, that contains deformed strata as young as Late Triassic
in age. It trends northeasterly, and is cut by a series of
north-trending dextral shear faults (synthetic Reidel shears)
that crosscut the graben. Dip and strike-slip motion is evi-
dent along these later structures, with offsets of no more
than tens of metres.

SPHALER CREEK GRABEN

A second northeast trending graben structure occupies
the headwaters of Sphaler Creek, 10 km west of the More
Creek Sheet (Figure 4-4). The Sphaler Creek graben is 1.5
to 2 km wide at its southern terminus adjacent to the South
Scud River fault (Logan and Koyanagi, 1994), but its north-
eastern extension is poorly constrained. Bounding struc-
tures are subvertical to northwest dipping and cut Late
C a r b o n i f e r o u s a n d o l d e r m e t a v o l c a n i c a n d
metasedimentary rocks, Mid- to Lower Carboniferous car-
bonates and Devonian to Early Carboniferous metavolcanic
and metasedimentary rocks. Strata preserved within the
graben include little deformed, well-bedded maroon potas-
sium feldspar tuff, accretionary lapilli tuff, rhyolite, volca-
nic conglomerate, shale and sandstone of Triassic and
(?)Early Jurassic age, res t ing on a basement of
polydeformed carbonate of probable Early Permian age.
Northwest-trending, northeast verging folds affect rocks in
both the graben and the surrounding area, indicating that
graben formation postdated Late Jurassic to Cretaceous
northeast-directed compression.

MESS CREEK GRABEN

The Mess Creek Graben comprises a mosaic of
fault-bounded blocks which underlie the Mess and Schaft
creek valleys (Figure 4-1). It is controlled by north and
northeast trending sets of faults. A zone 1 to 3 km wide of
north-northeast-trending listric normal faults exposed along
the east side of Mess Creek have produced a sharp, abrupt
escarpment on the east side of the creek and apparently con-
trolled alteration and copper-gold mineralization on the
Bam 8 and Bam 10 properties, southwest of Arctic Lake.
This graben is identical in setting to the graben structure at
Newmont Lake. The faults cut rocks as young as Jurassic
and in both areas they contain mineral prospects character-
ized by Early Jurassic mineral assemblages (Au-
Cu-Ag-As±Pb-Zn).

METAMORPHISM

The majority of rocks in the map area have undergone
sub-greenschist grade metamorphism. Primary textures are
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Figure 4-6. Schematic plan of the Newmont Lake graben, bounded
on the northwest by the McLymont Creek fault and the southeast
by an unnamed structure. The orientation of pre-Mesozoic (2) and
post Late Jurassic (4) fold axes are shown and a late lamprophyre
dike which illustrates dextral displacement along north-trending
faults within the graben. Insert shows the structures formed after
infinitesimal simple shear in a dextral strike slip fault zone.



preserved in the Mesozoic and younger rocks but early
structures and related penetrative foliations (S1 and S2) have
obliterated primary textures in most of the Paleozoic strata.
Panels of undeformed, weakly metamorphosed Paleozoic
volcanic rocks occur in an area located south of Mess Creek,
north of Newmont Lake and west of the two main Paleozoic
plutons.

The sub-greenschist to greenschist-grade metamor-
phism is synchronous with the earliest deformation in the
area and metamorphism peaked during D1 deformation.
Fine grained schists contain synkinematic mineral assem-
blages of sericite-muscovite-chlorite-calcite and epidote.
Early formed quartz veins are deformed and recrystallized.
Phyllitic argillite west of Round Lake contains a musco-
vite-chlorite-albite-epidote metamorphic assemblage,
mafic tuff contain a chlorite-tremolite-albite-carbonate as-
semblage. Micaceous minerals define cleavage planes and
are synkinematic. The crenulation cleavage (S3) is a brittle
feature which deforms the earlier fabric and postdates meta-
morphism.

CONODONT COLOUR ALTERATION INDICES

Colour alteration indices (CAI) for 67 Devonian to Late
Triassic conodont samples collected from the area were de-
termined by M. J. Orchard, in the course of microfauna iden-
tification. Results from the Forrest Kerr map area were
published, together with data from the Galore Creek, Scud
River and Chutine River areas in Brown et al. (1991). Cono-
dont colour alteration indices provide a thermal history of
the strata and an index to thermal maturation in the region.
Results indicate that conodonts and host strata have experi-
enced a wide range of temperature conditions (Figure 4-7).
There is no simple correlation between age and CAI values,
and therefore no evidence for a single thermal event, al-
though the Early to Middle Devonian conodonts show con-
sistently higher CAI values than the mid-Carboniferous
samples. However, the higher temperatures experienced by
these older rocks is probably related to high heat flow linked
to emplacement and cooling of the Forrest Kerr and More
Creek plutons not to a regional thermal event. Anomalously
low CAI values were obtained from Mid-Carboniferous and
Early Permian limestone from the Newmont Lake and For-

rest Kerr glacier areas. The values are substantially lower
than those from correlative polydeformed strata located at
Round Lake which have been subjected to temperatures 100
to 150°C higher (Brown et al., 1991). Isolated, high CAI
values for Permian and Triassic strata occur adjacent to in-
trusive bodies.

SUMMARY

Polyphase deformation affects rocks in the study area
that are older than Late Cretaceous. The complex structures
that resulted, reflect not only polyform deformation, but
also competency contrasts between the volcanic and sedi-
mentary units. Penetrative planar fabrics are ubiquitous in
Paleozoic strata, are rare in Late Triassic rocks and often
only a single phase of brittle deformation is recorded in the
younger rocks. Deformation intensity and styles vary across
the study area, for example, on one side of the Forrest Kerr
(FKP) and More Creek (MCP) plutons to the other, and on
either side of the Forrest Kerr and Mess Creek fault zones;
reflecting changes in stratigraphy and structural depth
across these features. East of the FKPall Paleozoic rocks are
penetratively deformed. Generally, Early and Middle Devo-
nian rocks west of the Forrest Kerr fault are affected by two
earlier penetrative cleavages that are not present in Meso-
zoic rocks east of the fault. The overall intensity of deforma-
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Figure 4-7. Histogram showing the distribution of CAI values rela-
tive to age. Temperature ranges are from Epstein et al. (1977) and
Rejebian et al. (1987).

TABLE 4-2

STRUCTURAL FEATURES IN THE FORREST KERR-MESS CREEK AREA

Timing Event Regional

Tectonic Events

Structural

Regime

Fold Styles Planar Structures Orientation

Fold Planes

Area

Devono-

Mississippian

D1 Antler -Ellesmerian Compression Isoclinal rootless minor

folds

axial planar foliation (S1) Variable West of Forrest Kerr

and Mess creeks

pre-Late

Triassic

D2 Tahltanian -

Sonoman

Compression Similar, isoclinal folds axial planar foliation (S2) Northwest West of Forrest Kerr

and Mess creeks

Early Jurassic D3 Compression &

Uplift?

Upright chevron to kink

band

crenulation cleavage (S3) West Northwest Iskut River,

Mess Creek

Late Jurassic

to Tertiary

D4A Skeena Fold Compression Upright, open folds axial planar cleavage (S4) Northeast to north East of Forrest Kerr fault

D4B Belt Upright chevron crenulation cleavage Northwest Southeast Iskut River

Late Tertiary /

Post-Eocene

Transpression ? crenulations East



tion west of FKP increases northward from Newmont Lake
to the headwaters of Mess Creek. Carboniferous and Perm-
ian rocks in the southern Forrest Kerr area are only weakly
deformed whereas Devonian and Early Carboniferous rocks
around Mess Creek show up to four phases of deformation.
The variable degrees of strain in the Devonian to Carbonif-
erous rocks reflect: an early pre-middle Carboniferous
phase of deformation; strain partioning due to lithological
heterogeneity throughout the succession; and probable un-
recognized thrust faults which have interleaved undeformed
rocks with more deformed rocks. Mesozoic rocks east and
west of the Forrest Kerr fault show at least two phases of
macroscopic folding. The anisotropic deformation of Meso-
zoic rocks reflects contrasts between the competent volca-
nic and the less competent folded sedimentary units.

Macroscopic folds in the area comprise an early west-
erly trend, a northerly trend, and a late northwesterly trend.
These structures deform earlier synmetamorphic, Paleozoic
structures and related northwest-dipping penetrative
foliations. Early and middle Devonian rocks in the map area
display up to four phases of folding and deformation.
Mid-Carboniferous to Early Permian rocks record as few as
two phases of deformation, whereas the Late Triassic and
Jurassic strata record no more than two phases of deforma-
tion in addition to a regionally important post-Norian un-
conformity. From these relationships, four possibly five
episodes of deformation are interpreted in the study area
(Table 4-1): pre-middle Carboniferous contraction? (D1),
pre-Late Triassic contraction (D2), Early Jurassic contrac-
tion(?) event (D3), Late Jurassic to Tertiary contraction

(D4A& D4B ), and Late Tertiary transpression. The timing of
many structural features and their inter-relationships are
poorly constrained. It is likely that some structures, albeit
with different orientations, may have formed during a single
episode and do not necessarily represent two separate
events. In addition, it may be erroneous to correlate regional
unconformities with periods of contractional tectonism.

McClelland et al. (1993) interpret the earliest deforma-
tion event and structures to be mid-Devonian in age, based
on observations of schistose rocks around Lime Lake. This
event would correspond to the Antler Orogeny of the south-
west U.S. and Ellesmerian Orogeny to the north in the arctic.
The second phase is post Early Carboniferous and
pre-Middle Triassic. It is uncertain whether the second
phase of deformation precedes or corresponds to the
Tahltanian or Sonoman Orogeny (Souther, 1971; Wyld,
1991) at the Permo-Triassic boundary. The angular uncon-
formity recognized in the Mess Creek area and brittle struc-
tures developed predominantly in the Paleozoic strata (D3)
may correspond to an Early Jurassic phase of contractional?
deformation recognized to the north (Brown et al., 1996)
and south (Henderson et al., 1992) of the map area. Two ad-
ditional phases (D4) are evident in the Middle Jurassic to
Cretaceous Bowser Lake sedimentary rocks. These two
events are thought to be Late Jurassic to Early Cretaceous
and Late Cretaceous to Tertiary, respectively, and to corre-
spond with deformation related to development of the
Skeena Fold and Thrust Belt (Evenchick, 1991a). Afinal pe-
riod of east-west extension and northerly translation is inter-
preted to post date the Eocene.
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