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INTRODUCTION

In this study, geo graphic in for ma tion sys tem (GIS)–
based geospatial anal y sis is used to as sist in the in ter pre ta -
tion of a large da ta base of georeferenced struc tural mea -
sure ments, in or der to re con struct the struc tural his tory of
the Ter race area in west-cen tral Brit ish Co lum bia (Fig -
ure 1). This area has been the tar get of a multiyear re gional
geo log i cal map ping and min eral po ten tial eval u a tion pro -
ject con ducted by the BC Geo log i cal Sur vey from 2005
through 2008.

Field struc tural mea sure ments were taken in NTS
1:50 000 scale map ar eas 103I/08, 09, 10 and 16 dur ing the
course of re gional map ping in the sum mers of 2005 through 
2007. In this study, the struc tural data were sorted into do -
mains in a GIS pro gram and then plot ted by struc ture type
us ing stereonets. One of the key find ings of this study is a
se ries of folds with north east-trending hinge lines. This im -
plies a north west-south east compressional event. North -
east erly fab rics as so ci ated with this event af fect lat est Cre -
ta ceous granitoid plutons along the Skeena River west of
the map area (Heah, 1991). They are cut by Eocene in tru -
sions. There are no struc tures yet doc u mented re gion ally
that cor re spond to a compressional event of this ori en ta tion
and age; there fore, its cause and extent are somewhat
enigmatic.

North east erly-trending folds oc cur in both the
footwall and hangingwall of the Skeena River fault zone, a
pos tu lated north east erly-vergent thrust fault that places Pa -
leo zoic and youn ger strata south east of the Skeena River on 
top of Ju ras sic and youn ger, more meta mor phosed strata to
the north west. The Skeena River fault zone was pos si bly
re ac ti vated as a top-to-the-north east de tach ment dur ing
early stages of Eocene ex ten sion. The later stages of this
extensional re gime are re corded by steep, north-north west-
strik ing nor mal faults. The lo cal ex pres sion of this high-an -
gle brit tle re gime is the Kitsumkalum-Kitimat graben,
which un der lies a broad val ley in which the towns of Ter -
race and Kitimat are sit u ated (Fig ure 1). The graben is
bounded to the east along Kitsumkalum Lake by a well-ex -
posed nor mal fault. Brit tle and duc tile de for ma tion are re -

corded along the ex tent of this fault, showing down-to-the-
southwest motion.

OVERVIEW OF GEOLOGICAL UNITS

The Ter race area is lo cated near the west ern mar gin of
Stikinia (as de fined by Colpron et al., 2007), along the east -
ern mar gin of the Coast Plutonic Com plex and the south ern
mar gin of the Bow ser Lake Group. Stikinia is the larg est
intermontane terrane, formed dom i nantly by is land-arc
vol ca nism, along with clastic and cal car e ous sed i men ta -
tion, through Pa leo zoic and into Me so zoic time (Nel son et
al., 2006). The Coast Plutonic Com plex is a belt of grani -
toid and meta mor phic rocks formed by con ti nen tal-arc
magmatism along west ern North Amer ica from mid-Ju ras -
sic to Eocene time. The Bow ser Lake Group is a se quence
of Late Ju ras sic–Early Cre ta ceous siliciclastic sed i men tary
rocks de pos ited in a broad suc ces sor basin, the Bowser
Basin, in central Stikinia.

This sec tion pres ents an over view of the rock units in
the Ter race area, whose dis tri bu tion is shown in Fig ure 2.
More de tailed de scrip tions can be found in Nel son et al.
(2006), Nel son and Ken nedy (2007) and Nel son et al.
(2008).

Stratified Units

ZYMOETZ GROUP

The old est rocks in the re gion be long to the Perm ian
and older Zymoetz Group. It con sists of a lower volcani -
clastic-dom i nated unit, the Mount Attree vol ca nic com -
plex, over lain by a lime stone unit that has been cor re lated
with the Perm ian Am bi tion For ma tion, as de fined by Gun -
ning et al. (1994). The Mount Attree vol ca nic com plex
com prises dark green an de site flows, tuff and vol ca nic
brec cia, along with mi nor si li ceous and cal car e ous sed i -
men tary strata. A U-Pb zir con date of ca. 285 Ma for tuff
within the up per ex tent of this unit by Gareau et al. (1997a)
is in ter preted as the age of de po si tion. The Mt. Attree vol -
ca nic com plex is meta mor phosed in greenschist and lower
amphibolite facies.

 Where unmetamorphosed, the Am bi tion For ma tion
lime stone con sists of thinly to thickly bed ded fossiliferous
lime stone. Bed ding-con trolled he ma tite and sil ica re place -
ment has led to the de vel op ment of highly fossiliferous,
pink beds that are ex cep tion ally well pre served (Fig ure 3).
In other ar eas, it con sists of coarsely recrystallized mar ble.
An Early Perm ian age was re ported by Duffell and Souther
(1964) on the ba sis of macrofossil assemblages.
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TELKWA FORMATION

The Early Ju ras sic Telkwa For ma tion is the low est unit
of the Hazelton Group. It un con form ably over lies the
Zymoetz Group. It con sists of dom i nantly andesitic and
dacitic subaerial vol ca nic units with mi nor as so ci ated, vol -
ca nic-de rived sed i men tary beds. Where thinly bed ded
units were ob served within the lower Telkwa, they are par -
al lel to bed ding in the un der ly ing lime stone. The base of the 
Telkwa For ma tion is a disconformity be cause, in some ar -
eas, the Telkwa is depositionally on top of the Mount Attree 
vol ca nic com plex and the lime stone is ab sent. In most ar -
eas, this re la tion ship is ob scured by the ir reg u lar to pog ra -
phy and abrupt fa cies changes in her ent in vol ca nic prov -
inces and high-en ergy sed i men tary en vi ron ments. The
basal unit of the Telkwa For ma tion is a highly vari able
polymictic con glom er ate, con tain ing clasts de rived from
the un der ly ing Pa leo zoic strata as well as from Telkwa vol -
ca nic rocks. Above this, the lower Telkwa con sists dom i -
nantly of volcaniclastic units; an de site brec cia and crys tal
lithic lapilli tuff are com mon con stit u ents. The up per
Telkwa is dom i nated by amyg da loid al an de site and dacite
flows, with lesser volcaniclastic and sed i men tary com po -
nents. Re gion ally, fau nal as sem blages of sed i men tary lay -
ers within the Telkwa For ma tion in di cate a Sinemurian
(Early Ju ras sic) age (Tip per and Richards, 1976). The
Telkwa Formation has undergone regional zeolite to lowest 
greenschist facies metamorphism.

KITSELAS FACIES

The Kitselas fa cies is a dom i nantly fel sic vol ca nic unit
re stricted to the footwall of the Skeena River fault sys tem.
Its bound ing faults are poorly ex posed, ob scured both by
Eocene in tru sions and by re cent flu vial de pos its along the
Skeena River. The unit is dom i nated by well-bed ded
volcaniclastic rhy o lite that shows eutaxitic, strongly
welded tex tures in places. An de site flows in the Kitselas re -
sem ble those in the Telkwa. The Kitselas has been in ter -

preted as a lo cal fel sic cen tre within the Telkwa For ma tion.
A U-Pb zir con date of ca. 195 Ma is doc u mented as the age
of de po si tion, re in forc ing the in ter pre ta tion of the Kitselas
fa cies as a meta mor phosed equiv a lent to the Telkwa For -
ma tion (Gareau et al., 1997a). The Kitselas rocks have been 
meta mor phosed in the greenschist to lower amphibolite
facies.

SMITHERS FORMATION

T h e  M i d  d l e  J u  r a s  s i c  S m i t h e r s  F o r  m a  t i o n
paraconformably over lies the up per Telkwa and is com -
posed of uni form, thinly bed ded, tuffaceous greywacke.
Macrofossils and trace fos sils are com mon. An Aalenian
(Mid dle Ju ras sic) age has been es tab lished on the ba sis of
macrofossil as sem blages (G. Woodsworth and H. Tip per,
un pub lished data, 1985, as a pers comm from J. Nelson,
2008).

TROY RIDGE FACIES

The Smithers For ma tion is over lain by the ‘py jama
beds’, which de rive their name from their striped ap pear -
ance. This unit is com posed of thinly bed ded black chert
and si li ceous argillite, com monly with interbeds of white to 
pink si li ceous tuff. These strata are cor re la tive with the
Troy Ridge fa cies in the Iskut re gion, which has been dated
as Bajocian (Mid dle Ju ras sic; K. Simpson and V. McNicoll, 
un pub lished data, 1994, as a pers comm from J. Nel son,
2008). To gether with the un der ly ing Smithers For ma tion,
the py jama beds form a dis tinc tive marker unit be tween the
vol ca nic Telkwa For ma tion and the Bow ser Lake Group,
and can be used to trace regional folds and faults.

BOWSER LAKE GROUP

Bow ser Lake Group sed i men tary strata crop out in the
north ern part of the map area. They con form ably over lie the 
‘py jama beds’. Re gion ally, the Bow ser Lake Group is char -
ac ter ized by siltstone to cob ble con glom er ate of dom i -
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Fig ure 1: Lo ca tion of the Ter race map area within Brit ish Co lum bia. The map ping com pleted in the sum mers of 2005, 2006 and 2007 is out -
lined.



nantly chert clasts de rived from the Cache Creek Terrane to
the north east. In its south ern ex po sures near Ter race and
Smithers, there is sig nif i cant in put of vol ca nic-de rived
clasts from the up lifted Skeena arch. These vol ca nic-
protolith sed i men tary beds cause the Bow ser Lake Group
to weather an off-white col our (lead ing to the field name of
‘white Bow ser’). De po si tion of the Bow ser Lake Group oc -
curred be tween the Late Ju ras sic and Early Cretaceous
(Tipper and Richards, 1976).

Intrusive Rocks

EARLY JURASSIC PLUTONIC SUITE

These are the old est in tru sions large enough to be
mapped at 1:50 000 scale. The larg est of these is the
Kleanza pluton, which typ i fies this suite in its sig nif i cant
het er o ge ne ity, vary ing from gab bro to quartz-rich
granitoid. A sam ple from the Kleanza pluton yielded a U-
Pb zir con date of ca. 200 Ma (Gareau et al., 1997a). This
date, in ter preted as the age of crys tal li za tion, along with
sim i lar lithological char ac ter is tics be tween this in tru sive
suite and the Telkwa vol ca nic rocks, sug gests that it forms
the mid dle to up per crustal roots of the Telkwa arc.

EARLY TERTIARY GRANITOID ROCKS

The Kitsumkalum suite oc curs within one plutonic
body that con sists of gran ite with lesser granodiorite and
diorite. It is vari ably to strongly fo li ated. Gareau et al.
(1997a) dated it as ca. 59 Ma by U-Pb meth ods on zir con.
The Eocene Car pen ter Creek suite in cludes the Car pen ter
Creek, New town and Wil liams Creek plutons, and an un -
named pluton that is ex posed along the Kitimat River. They
are com posed pre dom i nantly of gran ite and granodiorite,
compositionally sim i lar to the Kitsumkalum suite. Like it,
they com monly con tain small, clear, euhedral ti tan ite
grains. They are in ter preted as postkinematic to the duc tile
de for ma tion event that af fected the Kitsumkalum suite, due 
to their lack of a pen e tra tive fo li a tion. The Car pen ter Creek
pluton pro vided a U-Pb zir con date of ca. 53 Ma (Gareau et
al., 1997a).

STRUCTURAL GEOLOGY

Strat i fied rocks at deeper lev els in the Ter race area are
de formed into re gional-scale north east erly-trending folds
(Fig ure 2). Most prom i nent among these is an anticline
cored by Mount Attree vol ca nic com plex and Am bi tion
For ma tion lime stone in the area be tween the Skeena River,
the lower Zymoetz (Cop per) River and the Kitimat River.
North east erly folds are also well de vel oped within the
Kitselas vol ca nic rocks. At higher strati graphic lev els in the 
Hazelton and Bow ser Lake groups, strata form homoclinal,
fault-bounded pan els. These may rep re sent a more brit tle
ex pres sion of the folds, or they may have formed as a re -
sponse to unrelated fault activity.

Methods

A geospatial struc tural anal y sis of the Ter race area was
con ducted by dig i tally par ti tion ing the Ter race re gional
map (Fig ure 2) into struc tur ally co her ent do mains and plot -
ting the struc tures for each do main on sep a rate stereonet
pro jec tions. The re sult is a struc tural his tory that con strains
mod els of the geo log i cal evo lu tion of the re gion. The struc -
tural do mains, shown in Fig ure 4, were de fined vi su ally as

sets of geo log i cal poly gons in a GIS (Man i fold®) file that
showed con sis tent struc tural char ac ter is tics. A sim pli fied
map was cre ated that in cludes lay ers for only the linework,
ge ol ogy poly gons and struc tures. Then all of the poly gons
in a given do main were se lected and a query was done to se -
lect all struc tural data within the in di cated area. In Man i -
fold, this task is done us ing the se lec tor func tion at bot tom
of the win dow (All ob jects in Struc tures ® Se lect Con -
tained within ® All ob jects in Poly gons ® Ap ply). The
struc tures ta ble was then opened with the se lected struc -
tural data al ready high lighted. A ‘Do main name’ col umn
was added to the ta ble and all of the se lected struc tures were 
la belled by typ ing the name in one of the high lighted rows.
That name is au to mat i cally ap plied to all of the other high -
lighted struc tures. Once all of the do mains had been se -
lected and la belled, the en tire ta ble was ex ported as an Ex -
cel® file. This file was sim pli fied to con tain only the
do main name, struc ture type and struc tural mea sure ment. A 
sep a rate file was cre ated for each struc ture type rep re sented 
within each do main (S0, lay er ing; Sn, fo li a tion; Ln,
lineation; Bs, brit tle shear; Bl, brit tle lineation; Lf, fold
hinge). These were then saved as tab-de lim ited text files
and im ported into Spheristat™ 2.2 to pro duce lower-hemi -
sphere stereonet pro jec tions.

Once all of the first draft stereonets had been pro duced, 
they were as sessed and mod i fi ca tions to the do mains were
made to re fine in sights into spe cific deformational events.
The pro cess was re peated to pro duce a fi nal set of
stereonets for anal y sis. A Gaussi an den sity dis tri bu tion was 
ap plied to each stereonet to give the av er age ori en ta tion of
that struc ture type; where folds were sus pected, an
eigenvector prin ci pal di rec tion anal y sis was also ap plied. 
Both of these anal y sis meth ods are found un der the anal y sis 
menu in SpheriStat™ 2.2. An eigenvector anal y sis is rep re -
sented as three mu tu ally per pen dic u lar planes.  The
stereonets with poles to bed ding and fo li a tion plot ted are
pre sented in the con text of re gional ge ol ogy in Fig ures 5
and 6, re spec tively. Other struc ture types, such as fold axes
and slick en sides, are not well enough rep re sented re gion -
ally to be of sta tis ti cal sig nif i cance and so were not pre -
sented in the same way. Note that, in some ar eas, there were
two ob served foliations but insufficient data were available
to plot them separately.

Results

The bed ding mea sure ments within the map area, com -
piled in Fig ure 5, show sev eral com mon themes. There is a
broad east-dip ping homocline de fined by the Telkwa bed -
ding at ti tudes in the south east ern part of the map area. The
dip of bed ding var ies from shal low (5°) to ver ti cal, and
strike is con sis tently north erly. The av er age poles to bed -
ding plunge be tween 26° and 41° to wards 270°, lead ing to
an av er age bed ding plane of 000°/57°. This homocline can
also be ob served within the un der ly ing Zymoetz Group in
the Ga zelle do main, al though it is pos si ble that this is a co -
in ci den tal fea ture. Bed ding mea sure ments within the
Telkwa For ma tion far ther to the north are highly vari able,
pos si bly due to con trol by lo cal rhyolitic cen tres, which
would have gen er ated ir reg u lar paleotopography. The mid-
Ju ras sic to Cre ta ceous strata that crop out along the north -
ern bound ary of the map area de fine a broad homocline that
dips north east. This do main is char ac ter ized by a pole to
bed ding of ori en ta tion 214°/65°, with an av er age bed ding
ori en ta tion of 294°/35°.
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Fig ure 2. Ge ol ogy of the Ter race area, com piled from the Ter race re gional map ping pro ject (from Nel son, 2009).



Folds are ev i dent within the Zymoetz Group and lower
Telkwa For ma tion, par tic u larly in the Kitselas fa cies. The
four stereonets with eigenvectors shown high light folds
with hinge lines plung ing shal lowly to mod er ately north -
east. The hinge lines de scribed by each do main vary some -
what: Antiform, 038°/10°; Sau sage, 052°/52°; Kitselas,
074°/07°; Zymoetz, 054o/31o. The two re main ing do mains
for which lay er ing data were col lected, Chist Creek and
Camp 1, seem to de fine two limbs of an over turned fold
with a hinge line plung ing south east. This fea ture is not dis -
cussed in de tail here, as lim ited data prevented a proper
analysis.

Fo li a tion data are pre sented in Fig ure 6. Fo li a tion, in
the form of min eral and clast flat ten ing, is de vel oped only
lo cally within the up per Telkwa and youn ger stra tig ra phy.
Where it is ob served, it is par al lel to lay er ing and poorly de -
vel oped. The Kitselas fa cies of the Telkwa is well fo li ated
and, in ar eas, two phases of fo li a tion were ob served. One
phase, de scribed by min eral flat ten ing, is dom i nantly bed -
ding par al lel and de vel oped prior to the de for ma tion of lay -
er ing de scribed above. There is an other fo li a tion de vel oped 
par al lel to the ax ial plane of north east erly-plung ing folds at
an ori en ta tion of 240°/85° (one mea sure ment doc u mented
as ax ial pla nar in the field). This fo li a tion shows min eral
flat ten ing, as well as weak cleav age de vel op ment. The
north east erly hinge lines lie within this plane. The Gitaus
do main also shows a well-de vel oped fo li a tion for the
Telkwa For ma tion. The poles to fo li a tion lie on a great cir -
cle sim i lar to what is seen in the Kitselas do main, sug gest -
ing this is likely the same bed ding-par al lel fo li a tion. The
Kitsumkalum pluton has a well-de vel oped fo li a tion de -
fined by bi o tite ag gre gates and stretch ing lineations. Anal -
y sis of the data col lected shows a strong clus ter ing of fo li a -
tion data, with an av er age pole ori en ta tion of 010°/55°. The
min eral lineations, mainly stretched quartz crys tals on fo li -
a tion-par al lel sur faces, show an al most per fect down-dip
ori en ta tion of 259°/44° (Fig ure 7a). The brit tle shear and
brit tle lineation ori en ta tion pairs show the same down-dip
sense of mo tion, with an av er age ori en ta tion of 259°/45°
(Figure 7b). Shear-sense indicators, both tails on mineral
grains and steps on brittle shear surfaces, show top-down-
to-the-west motion.

DOWN-PLUNGE PROJECTION

Methods

A semiquantitative ax ial-plunge pro jec tion that prox -
ies as a crustal cross-sec tion can be de vel oped us ing a
graphics pro gram, such as CorelDraw®, by us ing a com -
mand to ‘squeeze’ the geo log i cal map im age in a di rec tion
par al lel to the trend of the hinge line (Johnston, 1999). The
ori en ta tion of the down-plunge pro jec tion was de ter mined
by tak ing a weighted av er age of hinge-line ori en ta tions for
each do main that con tains a known fold. This was done in
Spheristat by plot ting the four dif fer ent hinge lines on the
same stereonet. Each hinge line was du pli cated to the num -
ber of data points rep re sented by it, and the av er age ori en ta -
tion of this plot was used. The re sult ing av er age hinge-line
ori en ta tion is 057°/29°. The Ter race re gional map (Fig -
ure 2) was ro tated by 57° and com pressed in the ver ti cal di -
rec tion by a fac tor of 0.48. This value was cal cu lated by tak -
ing the sine of 29°, which gives the ra tio of the cross-

sec tion height over the map height. The resulting down-
plunge projection is presented in Figure 8.

Results

The down-plunge pro jec tion pro vides an ap prox i mate
cross-sec tion through the up per crust (Fig ure 8). The sec -
tion shows a nearly 10 km thick se quence of Telkwa vol ca -
nic rocks. Part of the thick ness is prob a bly due to rep e ti tion
across re verse faults, such as those that bound the Trea sure
Moun tain, Mattson Creek and Big Three do mains. The up -
per sed i men tary stra tig ra phy does not pro ject well in this
cross-sec tion be cause it dips shal lowly to the north, but it is
worth not ing that the se quence from Telkwa For ma tion to
Bow ser Lake Group is re peated across a fault run ning along 
the Skeena River, the Skeena River fault zone (Nel son and
Ken nedy, 2007). The base of the sec tion is dom i nated by
lat er ally ex ten sive and bul bous plutons of vary ing age. The
most in ter est ing of these is the Kleanza pluton, which cuts
through the en tire Telkwa For ma tion; it is in ter preted as the
feeder for Telkwa. An other fea ture high lighted on the sec -
tion is that the Am bi tion For ma tion, which dips to the
north east, re sur faces south east of the Kleanza pluton.
Further discussion is provided with the structural in ter pre -
ta tions.

DISCUSSION

Folding

North east erly folds were likely formed with a hor i zon -
tal hinge line (dis cussed later), in re sponse to a prin ci pal
com pres sive stress ori ented north east-south west and ver ti -
cal min i mum com pres sive stress. It is plau si ble that the
east- and north east-dip ping homoclines are two limbs of a
large, re gional-scale fold with the same ori en ta tion as the
smaller folds. The folds in the Kitselas fa cies rocks re strict
the age of this north west-south east com pres sion to post–
Early Ju ras sic. West of the study area, Heah (1991) and
Nel son (2009) re ported strong north east erly fab rics within
Late Cre ta ceous granitoid bod ies, as well as in meta mor -
phosed vol ca nic rocks likely cor re la tive with the Mount
Attree vol ca nic com plex and Telkwa For ma tion. Mas sive
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Fig ure 3. Sil ica- and he ma tite-re placed cri noid fos sil within the
Am bi tion For ma tion. Note the ex cep tional pres er va tion of the ca lyx 
on the right side of the photo.
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Fig ure 4. Struc tural do mains in the map
area. Num bers in white cor re spond to the
fol low ing work ing names, sev eral of which
are re ferred to in the text: 1, Bow ser; 2,
Kalum Lake gran ite; 3, Car pen ter Creek;
4, Mount Sir Rob ert; 5, Kitselas; 6, Gitaus;
7, Bornite Moun tain; 8, Kitsumkalum
mixer; 9, New town Creek; 10, Kleanza; 11, 
Mount Pardek (un of fi cial name; note the
two re gions split by the Kleanza pluton);
12, Zymoetz; 13, Antiform; 14, Mount
Attree; 15, Camp 1; 16, Sau sage; 17,
Trea sure Moun tain; 18, Wil liams Creek;
19, Mattson Creek; 20, Ga zelle; 21, Big
Three; 22, Chist Creek; 23, Kitimat River.
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Fig ure 5. Stereonet pro jec tions of poles to bed ding (N is the num ber of data points in cluded). The av er age trend and plunge of each 
stereonet is in cluded. A prin ci pal di rec tion anal y sis was done for the do mains with ob serv able folds. The in ter sec tion of the two blue 
planes that does not lie within the data con cen tra tion in di cates the hinge line of the fold.
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Fig ure 6. Stereonet pro jec tions of poles to fo li a tion (N is the num ber of data points in cluded). The av er age trend and plunge of each
stereonet is in cluded.



plutons of the Car pen ter Creek suite cut across folds and
foliations in both the Kitselas block and the Wil liams
Creek–Kitimat River area. Thus, the main age of north east -
erly fold ing is constrained to between 70 and 53 Ma, or
earliest Tertiary.

North east-trending folds of re gional mag ni tude are un -
com mon in the Cor dil lera; they are or thogo nal to the dom i -
nant north west erly struc tural trend, which may be con -
trolled by the mar gin of an ces tral North Amer ica as well as
the pres ent plate mar gin. Hinge lines in the Ter race area are
par al lel to the trend of the Skeena arch. Lit tle is known
about the me chan ics of how the Skeena arch ac tu ally
formed. It was a prom i nent fea ture by Late Ju ras sic time, as
it forms the south ern bound ary of the Bow ser Ba sin. Tip per
and Rich ards (1976) in ter preted it as a sim ple up lift with no
as so ci ated com pres sion. A de tailed anal y sis of the folds
here could pro vide in sight into po ten tial re ac ti va tion of the
Skeena arch dur ing Early Ter tiary orogen-par al lel com -
pres sion. The two homoclines could be two limbs of a large
fold. The pres ence of large folds af fect ing all of the stra tig -
ra phy pres ent in the map area is per mis si ble, as the Telkwa
For ma tion is in volved in the de for ma tion event and there is
a near-con tin u ous stra tig ra phy start ing with the Telkwa in
the early Ju ras sic through to the Cre ta ceous Bow ser Lake
Group. The only sig nif i cant un con formity lies be tween the
top of the Telkwa and the Smithers For ma tion. This in ter -
preted paraconformity would imply that the Telkwa was
not folded prior to deposition of the Smithers Formation.

The lower Telkwa and un der ly ing strati graphic units
were near the brit tle-duc tile bound ary for crustal rocks
(10 km depth) in Mid dle Ju ras sic time, when Telkwa vol ca -
nism was com ing to an end, and much deeper with de po si -
tion of the Bow ser Lake Group. These burial depths are
sup ported by re gional ze o lite to low est greenschist fa cies
meta mor phic grade within the Telkwa, and greenschist to
lower am phi bo lite grade in the stratigraphically and struc -

tur ally un der ly ing rocks of the Zymoetz Group and Kitselas 
fa cies. This model would ex plain the prev a lence of brit tle
rather than duc tile fea tures within the up per Telkwa and
higher stra tig ra phy as so ci ated with this event, com pared to
fold ing and de vel op ment of cleavage at deeper crustal
levels.

Metamorphism of the Kitselas Facies

The Kitselas fa cies has been meta mor phosed to
greenschist to lower am phi bo lite fa cies, whereas the co eval 
Telkwa For ma tion is only meta mor phosed to ze o lite or
low est greenschist fa cies. The dif fer ence in meta mor phic
grade has been ex plained by a thrust fault along the Skeena
River fault zone, plac ing Telkwa on top of Kitselas and
youn ger strata, as seen in Fig ure 8 (Gareau et al., 1997b;
Nel son and Ken nedy, 2007). Gareau et al. (1997b) in ter -
preted this fault as a top-to-the-north east de tach ment. The
struc tural data show lim ited ev i dence of these low-an gle
struc tures. Four elon ga tion lineations with val ues of ap -
prox i mately 035°/10° were mea sured within the Gitaus do -
main. If these are stretch ing fab rics, then fo li a tion ob served 
within this do main could be a tec tonic fab ric along a
curviplanar de tach ment sur face. Given the par al lel ism of
these lineations with the hinge-line ori en ta tion and the sim -
i lar at ti tudes of foliations be tween the Gitaus and Kitselas
do mains, it is likely that these lineations are as so ci ated with 
north east-south west com pres sion, not ex ten sion. How -
ever, the du pli ca tion of the stra tig ra phy noted at the north -
west edge of the down-plunge pro jec tion as so ci ated with
the Skeena River fault zone still sup ports the pos si bil ity of
top-to-the-north east thrust imbrication. This thrust is re -
stricted to post–Early Cre ta ceous, as it af fects the Bow ser
Lake Group, and pre-Eocene as it is cross cut by Eocene in -
tru sions. In terms of style, tim ing and the ob served ori en ta -
tion of the thrust (cut ting up-sec tion to wards the north east), 
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Fig ure 7. Stereonets de scrib ing de for ma tion as so ci ated with the for ma tion of the Kitsumkalum-Kitimat graben: a) poles to fo li a tion (black
dots) and elon ga tion lineations (red tri an gles); b) poles to brit tle shear sur faces (black dots) and slickenlines (red tri an gles). These rep re -
sent the duc tile and brit tle phases of the nor mal fault de fin ing the east ern edge of the Kitsumkalum-Kitimat graben. The mo tion, de scribed
by duc tile and brit tle lineations, is at an ori en ta tion of 259°/45°.



the Skeena River fault zone matches other structures
attributed to the Skeena fold-and-thrust belt by Evenchick
(1991).

Two sets of south west-verg ing thrust faults ac tive be -
tween 87 and 59 Ma have been doc u mented in the re gion
west of the map area (Andronicus et al., 2003). Nei ther
mapped re la tions in the Ter race area nor the struc tural data
set in this study can be linked to this fault ing. North east -
ward de tach ment along the Skeena River fault zone, 
al though not well doc u mented in this study, may
have oc curred con tem po ra ne ous with the Shames
River my lon ite zone and other north east ward-di -
rected shear ing at ap prox i mately 54–47 Ma (Heah,
1991; Andronicus et al., 2003).

Kitsumkalum-Kitimat Graben

The most re cent ma jor struc tural event in the
Ter race area is ex ten sion as so ci ated with the
Kitsumkalum-Kitimat graben. The Kitsumkalum
pluton is cut by a nor mal fault along which both brit -
tle and duc tile de for ma tion are ap par ent. The fault
strikes south-south east and dips mod er ately south -
west, per pen dic u lar to axes of north east-plung ing
folds, lead ing to the in ter pre ta tion that the a-c joint
plane of the folds was an ini tial weak ness along
which the fault de vel oped. Top-down-to-the-west
mo tion on a fault of this ori en ta tion would lead to
ro ta tion of the footwall block, giv ing the re gional
east-north east plunge of the hinge lines and dip of
the layering.

There are nu mer ous smaller faults to the east of
the main nor mal fault that are par al lel to it. Some of
these are cut by apophyses of the Kleanza pluton,
whereas oth ers off set them. Their sense of mo tion is 
also vari able: some are top-down-to-the-west, oth -
ers are top-up-to-the-east. Thus, they can not be sim -
ply co eval with the east ern fault of the Kitsum -
kalum-Kitimat graben. The youn ger (post-

Kleanza) faults can be ex plained by lo cal stress be ing ac -
com mo dated by the same a-c joint plane in folds.

The age of the Kitsumkalum-Kitimat graben is Eocene
or youn ger be cause it trun cates both the de formed
Kitsumkalum pluton and plutons of the undeformed 53 Ma
Car pen ter Creek suite. This age is con sis tent with steeper
nor mal fault ing suc ceed ing the shal low de tach ments of the
Skeena River fault zone and the Shames River my lon ite
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Fig ure 9. Sche matic di a gram of a ‘Christ mas tree’ laccolith, rep re sent ing
the ex treme end-mem ber case. The Kleanza pluton shows some of the
char ac ter is tics of a Christ mas tree laccolith but dif fers from this model be -
cause it is ac tu ally feed ing a vol ca nic vent above (Corry, 1988).

Fig ure 8. Down-plunge pro jec tion (with out ver ti cal ex ag ger a tion). The base of the pro jec tion fol lows the trace of the Kitsumkalum-Kitimat
graben. The red lines high light the ap prox i mate ex tent of the Kleanza pluton, in di cat ing its ‘Christ mas tree’ form. The white line traces the
ap prox i mate ori en ta tion of the Skeena River fault zone.



zone, but be ing a re sult of the same extensional event
(Heah, 1991).

Kleanza Pluton

The shape of the Kleanza pluton in the down-plunge
pro jec tion (Fig ure 8) is sim i lar to that of ‘Christ mas tree’
laccoliths (Corry, 1988). A Christ mas tree laccolith (Fig -
ure 9) forms when parts of an in tru sion spread out par al lel
to lay er ing at var i ous depths. For all in tru sions, ris ing
magma be comes neu trally buoy ant and stops when the den -
sity of the magma equals that of the sur round ing coun try
rock. The Kleanza pluton seems to be or dered into sev eral
(paleo-) hor i zon tally ex ten sive lay ers, as out lined on Fig -
ure 8. Since the pluton is in ter preted as the dom i nant lo cal
feeder for the Telkwa vol ca nic rocks, each layer would
have led to a thick en ing of the over ly ing vol ca nic pack age,
re sult ing in in creased pres sure in side the magma cham ber.
This would have made the magma pos i tively buoy ant, lead -
ing to the for ma tion of a shal lower magma cham ber. Em -
place ment of the Kleanza suite could have led to the ir reg u -
lar lay er ing of the do mains that lie above it, in cross-
sec tion, both through paleoslopes of the volcanic edifice(s)
and through doming over the intrusion.

Implications for Geological History

Anal y sis of struc tural data col lected dur ing the Ter race 
re gional map ping pro ject has con trib uted to an un der stand -
ing of the lo cal geo log i cal his tory in the area. The se quence
of events re corded by these rocks is as out lined be low. Vol -
ca nic and as so ci ated in tru sive units of the Mount Attree
vol ca nic com plex de vel oped in an is land-arc set ting dur ing
late Pa leo zoic time. This arc be came dor mant, al low ing for
the pro lific bi o log i cal ac tiv ity that gave rise to Am bi tion
For ma tion lime stone in Perm ian time, fol lowed by deep -
water, starved basinal con di tions in the Tri as sic. The mag -
matic arc was re ac ti vated in the Early Ju ras sic. A nearly
10 km thick suc ces sion of Telkwa vol ca nic rocks was de -
pos ited, to gether with in tru sion of the Kleanza pluton. In
mid-Ju ras sic time, vol ca nism was suc ceeded by sub aque -
ous de po si tion of the Smithers For ma tion. The shift from
subaerial to sub aque ous con di tions sug gests sub si dence as -
so ci ated with the cool ing of the is land-arc root. Con tin ued
sub si dence would al low de po si tion of the fine-grained
Troy Ridge fa cies, pos si bly ac com pa nied by re gional ex -
ten sion (J-F. Gagnon, pers comm to J. Nel son, 2008).
Clastic in flux began in the Late Jurassic (Oxfordian) and
deposition into the Bowser Basin continued up to Early
Cretaceous time.

North east-vergent thrust ing along the Skeena River
fault zone bur ied the Kitselas fa cies of the Telkwa For ma -
tion un der a hangingwall of Pa leo zoic and youn ger strata
dur ing the mid-Cre ta ceous. The Paleocene Kitsumkalum
pluton in truded this as sem blage and was later de formed
with it. Sim i larly, lat est Cre ta ceous granitoid rocks in -
truded the hangingwall and were folded along with it into
gently north east-plung ing folds with steep axial planes.

Megascopic north east erly folds lie in the hangingwall
of the Shames River fault zone, a listric, north west-strik ing, 
down-to-the-east Eocene nor mal fault ex posed 20 km west
of Ter race. West of the Shames River fault, mylonitized
deeper crustal rocks were ex posed by a shal lowly dip ping,
top-to-the-north east de tach ment zone. The Shames River
fault is re garded as a late-stage ex pres sion of the same

crustal ex ten sion event, which over all oc curred be tween
54 and 47 Ma (Andronicos et al., 2003). This mid-crustal
ex ten sion was co eval with postkinematic plutons of the
Car pen ter Lake suite, which cut north east erly-trending
folds east of the Shames River fault. There fore, the fold ing,
which is post 69 Ma, pre dated Eocene top-to-the-north east
extension.

Ter tiary north east erly folds along the Skeena arch al -
low the hy poth e sis that it could have been re ac ti vated as an
orogen-nor mal compressional struc ture. Late Cre ta ceous
to Eocene dextral strike-slip mo tion was wide spread in the
Cor dil lera. The Skeena arch may have acted as a re strain ing 
bend, with transcurrent mo tion step ping west from the
Cordilleran in te rior into the Coast Plutonic Com plex and
farther outboard.

In the Ter race area, con tin ued east-north east-di rected
ex ten sion dur ing the early Eocene re ac ti vated the Skeena
River fault zone and gave rise to the Kitsumkalum-Kitimat
graben. Orig i nally hor i zon tal, north east erly-trending folds
to the east of the graben were ro tated into their cur rent
north east-plung ing orientation.

CONCLUSIONS

Three de for ma tion events were iden ti fied in the Ter -
race area. The first pro duced the north east-vergent Skeena
fold-and-thrust belt in mid-Cre ta ceous time. The sec ond in -
volved north west-south east com pres sion, which gave rise
to folds that af fected the Pa leo zoic to Early Cre ta ceous suc -
ces sion and plutons as young as Late Cre ta ceous. Folds
trend par al lel to the Skeena arch, sug gest ing this com -
pressional event in volved struc tural re ac ti va tion of the
arch. This was suc ceeded by ex ten sion and the for ma tion of 
steep, west-south west- and east-north east-dip ping nor mal
faults that de fine the east ern and west ern edges of the Kit -
sumkalum-Kitimat graben, re spec tively. The east ern
bound ing fault is in ter preted to have formed along the a-c
joint set of the ear lier folds, and was likely re spon si ble for
ro tat ing the footwall block to the east, giv ing rise to the
north east plunge of hinge lines and east ward dip of lay er -
ing. This block ro ta tion af fected an ap prox i mately 10 km
thick sec tion through the up per crust, ex pos ing the re la tion -
ships be tween the lo cal strata and the un der ly ing in tru sions.

The most prom i nent un an swered ques tion re sult ing
from the anal y sis pre sented here is the na ture of re gional
com pres sion lead ing to the north east-trending folds. A
more de tailed study can also pro vide in sight into the na ture
of the Skeena arch.
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