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Introduction

Deep water sub ma rine chan nels con sti tute im por tant po ten -
tial hy dro car bon res er voirs in off shore pe tro leum ex plo ra -
tion. The spa tial dis tri bu tion and thick ness of those sand -
stone bod ies are highly un pre dict able be cause they tend to
be lo cal ized and interbedded with mass-trans port com -
plexes. Look ing at well-pre served analogues in the rock re -
cord as sists in un der stand ing the be hav iour of sed i men ta -
tion pro cesses in such en vi ron ments. Sed i men tary rocks
mapped as Lower to Mid dle Ju ras sic Hazelton Group and
ex posed at Mount Dilworth, north of Stew art in Brit ish Co -
lum bia rep re sent an ex cel lent an a logue of slope pro cesses
in deep-ma rine siliciclastic-dom i nated depositional sys -
tems (Fig ures 1, 2). Fur ther more, the res er voir units as so ci -
ated with this strati graphic in ter val are po ten tially charged
with hy dro car bons in lat er ally equiv a lent units far ther
north east in the Bow ser Ba sin, where ther mal mat u ra tion
lev els are fa vour able (Evenchick et al., 2002; Stasiuk et al.,
2005). The re la tion ships be tween the dif fer ent sed i men tary 
fa cies iden ti fied in a tec toni cally ac tive slope en vi ron ment
de scribed in this re port as sist in understanding the
distribution of reservoir units and assessing the petroleum
potential of this stratigraphic interval.

Geological Setting

Early to Mid dle Ju ras sic sed i men tary rocks as signed to the
up per Hazelton Group are wide spread in north west ern BC.
They mainly out crop along the edge of the Bow ser Ba sin
and con sti tute the low er most strati graphic unit of the Bow -
ser suc ces sion (Waldron et al., 2006). Siliciclastic sed i men -
tary rocks of the up per Hazelton Group were de pos ited
above the vol ca nic arc rocks of the Stikine Terrane dur ing
an ep i sode of back-arc ex ten sion fol lowed by ther mal sub -

si dence (Thorkelson et al., 1995). In the study area north of
Stew art, up per Hazelton Group sed i men tary rocks were
pre vi ously as signed to the Salmon River For ma tion by
Grove (1986). Re gion ally, sed i men tary rocks of the
Salmon River For ma tion were de pos ited above the dacitic
tuff brec cia of the Mount Dilworth For ma tion (An der son
and Thorkelson, 1990). How ever, geo log i cal map ping con -
ducted by the au thors in the sum mer of 2008 sug gests that
these sed i men tary rocks might be cor re la tive with the
Todagin as sem blage of the Bow ser Lake Group (Evenchick 
et al., 2006). Ura nium-lead zir con work is cur rently be ing
con ducted at the Uni ver sity of Al berta and should pro vide
new con straints on the min i mum depositional age and
prov e nance of these units. The current report uses the
previous stratigraphic framework established by Grove
(1986).

Description of Depositional Units

Fine-Grained Turbidity Flows

Nor mally graded siltstone-mudstone and sand stone-
mudstone cou plets are widely ex posed in the sed i men tary
suc ces sion (Fig ure 3). They usu ally oc cur in thin to me -
dium beds and form lat er ally ex ten sive sheet-like units.
The pres ence of par tial Bouma (1962) se quences Ta-e is at -
trib uted to wan ing en ergy in tur bid ity flows. Abun dant Tcd

and Tabd se quences con tain asym met ric cur rent rip ples and
groove casts, which sug gests that the pre dom i nant
paleocurrent flowed to wards the south west. Load ing fea -
tures such as ball-and-pil low struc tures and flame struc -
tures are also com mon. These sed i men tary struc tures are
in dic a tive of rel a tively high sed i men ta tion rates, which led
to den sity con trasts in wa ter-sat u rated sed i ments shortly af -
ter de po si tion. In some cases, rapid de po si tion also pro -
duced pore pres sure that ex ceeded the hy dro static equi lib -
rium and led to par tial liq ue fac tion of the sed i ments; this
phe nom e non is represented in the turbidite facies by
abundant convolute laminations.
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Some metre-thick in ter vals of thinly bed ded fine-grained
turbidites show ev i dence of biogenic re work ing. The
ichnological suite ob served is dom i nated by two dis tinc tive 
ichnogenera: Phycosiphon and Helminthopsis. These
traces are hor i zon tal to gently in clined, ir reg u lar, me an der -
ing bur rows filled by or ganic-rich mud (Fig ure 4). Both
these traces are gen er ally in ter preted as graz ing trails of
ver mi form or gan isms (Pem ber ton et al., 2001) and typ i -
cally oc cur near the sed i ment-wa ter in ter face; this sug gests
that food re sources were in tro duced mostly by sus pen sion
in a low-en ergy depositional en vi ron ment, out side the prin -
c i  pa l  sed  i  ment  path  way.  In  terms  of  pe  t ro  leum
prospectivity, this unit has rather low res er voir po ten tial
due to its fine-grained na ture. On the other hand, as it is sit u -
ated above a thick sand stone pack age, it would con sti tute
an ex cel lent seal rock due to its im pres sive lat eral ex tent
and low per me abil ity.

Submarine Channel Fills

The per cent age of sand stone in turbidite de pos its grad u ally
in creases upsection. The beds can con sist of up to 90% of
sand-dom i nated Tabc se quences, whereas the lay ers of lam i -
nated silt and hemipelagic mud Tde are centi metre-thick.
This over all in crease of sand stone is as so ci ated with a gen -

eral thick en ing- and coars en ing-up ward trend at the out -
crop scale (Fig ure 2). The ver ti cal pat tern is in ter preted as a
change from an off-axis area char ac ter ized by bioturbated
silt and very fine sand to an ax ial zone of sand stone de po si -
tion. Around 85 m above the base of the sec tion, turbidites
are trun cated by a se ries of very thick sand stone bod ies
(Fig ure 2). The beds typ i cally con sist of coarse- to very
coarse grained sand stone with oc ca sional peb bly sand stone 
lenses and in situ cal car e ous con cre tions (Fig ure 5). They
range in thick ness from 10 to 50 m and ex tend lat er ally up
to 500 m. Thin-sec tion ob ser va tions in di cate that the
frame work grains are mainly com posed of chert,
monocrystalline quartz, plagioclase and mud clasts. The
grains are well to moderately sorted, with less than 5 % clay
matrix.

In some cases, dis tinct sand stone beds be come amal gam -
ated along strike and form channellized lobe ge om e tries.
Fig ure 6 shows the spa tial dis tri bu tion of a chan nel sys tem
cut ting down into a de bris flow unit. The base of the chan -
nel is marked by a scoured sur face above which a drape of
thinly lam i nated mud and silt ac cu mu lated. The ab sence of
coarse ma te rial im me di ately above the scoured sur face
sug gests that im por tant sed i ment by pass oc curred prior to
ac cu mu la tion of the fine-grained sed i ments. The mud-

194 Geoscience BC Sum mary of Ac tiv i ties 2008

Fig ure 1. Sim pli fied ge ol ogy of the study area: a) lo ca tion of the sed i men tary suc ces sion pre sented in Fig ure 2 (pro jec tion in UTM NAD 83);
b) lo ca tion of the Bow ser Ba sin in re la tion to prin ci pal tec tonic belts of the Ca na dian Cor dil lera; white square de lin eates the ex tent of the ge -
ol ogy de scribed in (a). Mod i fied from Grove (1986), Evenchick and Thorkelson (2005).



Geoscience BC Re port 2009-1 195

Fig ure 2. An no tated ae rial pho to graph of the sed i men tary suc ces sion, show ing the main depositional units. Strati graphic top is to the east.



filled chan nel is trun cated by an ir reg u lar ero sional sur face
above which a unit of nor mally graded, clast-sup ported
con glom er ate was de pos ited. Upsection, the con glom er ate
grad u ally passes into mod er ately sorted me dium- to coarse-
grained sand stone con tain ing abun dant cur rent-gen er ated
sed i men tary struc tures. In each mea sured strati graphic sec -
tion, the chan nel sand is interbedded with lam i nated silt and 
very fine grained sand. These rel a tively thin, finer grained
in ter vals are in ter preted to be levée deposits associated
with lateral migration of the channel axis.

The sand-rich sub ma rine chan nels pos sess very good res er -
voir char ac ter is tics: they con sist of ho mo ge neous sand -
stone ar ranged in lat er ally ex ten sive (~500 m) and very
thick (~10 to 50 m) units (Fig ure 2). The coarse-grained na -
ture of the sed i ments, com bined with the rel a tively good
sort ing, is fa vour able for de vel op ment of high ini tial inter -
gra nu lar po ros ity. Un der the proper ther mal mat u ra tion lev -
els, these sand-rich chan nels could be charged with hy dro -
car bons and would constitute significant resources.

Mass-Transport Complexes

De bris flows and slump units are the most abun dant units
within the suc ces sion. These grav i ta tional fea tures, or ga -
nized in mass-trans port com plexes (MTCs), con sist of
large dis mem bered cal car e ous concretionary blocks and
lay ered rafts of sand stone and siltstone sup ported in a very
poorly sorted fine-grained ma trix (Fig ure 7). Soft-sed i ment 
de for ma tion fea tures, such as syndepositional folds and
extensional faults, are ubiq ui tous in those units. De tailed
map ping of a de bris flow unit pro vided better un der stand -
ing of the de for ma tion mech a nisms prev a lent dur ing slope
fail ure. Slid ing of a co he sive mass of sed i ments was ini ti -
ated over a de tach ment sur face un der neath which the par al -
lel beds re mained un dis turbed (Fig ure 8). Im me di ately
above the décollement, fine-grained lay ers were gently
folded dur ing com pres sion but re tained their orig i nal thick -
ness, whereas the softer sand-rich units were sub ject to
more thor ough duc tile de for ma tion. Pull-apart boudins of
mud in a sandy ma trix also in di cate rhe ol ogy con trasts be -
tween units of dif fer ent grain size (Fig ure 9), the finer
grained units be hav ing more com pe tently. The slump unit
be comes pro gres sively more de formed near its top where
disharmonic fold ing pre dom i nates. Even tu ally, most of the
pri mary fea tures are lost and the ini tial lay er ing of the sed i -
ments be comes in dis  t in guish able. As the matrix
incorporated more fluids during transport, the slump unit
evolved into an incoherent debris flow.

The up per most strati graphic unit ex posed above the sub -
ma rine chan nels con sists of a very thick MTC (Fig ure 2).
Con ser va tive es ti mates made from ae rial pho to graph in ter -
pre ta tions sug gest a min i mal thick ness of 400 m and a lat -
eral ex tent over 1.4 km. The basal con tact of the MTC on
sand stone is vari able along strike. At the north ern end, the
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Fig ure 3. Thinly bed ded suc ces sion of fine-grained turbidites with
abun dant par tial Bouma se quences Ta-e. Strati graphic top to the
right. Ham mer for scale is 30 cm in length.

Fig ure 4. Helminthopsis trace fos sil in fine-grained turbidites.
These traces are in ter preted as graz ing trails of worm-like or gan -
isms in a low-en ergy depositional en vi ron ment. Lens cap is 6.5 cm
in di am e ter.

Fig ure 5. Thickly bed ded, very coarse sand stone of amal gam ated
chan nel com plexes. Note the fin ing- and thin ning- up ward char ac -
ter of the beds. Strati graphic top is to the left.



con tact is ero sional on gran u lar sand stone; fur ther south,
the sand stone is cut by an other de bris flow, which shows
that the MTC is a com pos ite of sev eral slumps. In ter nal de -
for ma tion in creases south ward, where large blocks of the
un der ly ing sand stone be come in cor po rated in the MTC.
These rafts are or ga nized in vari able ori en ta tions and can
reach up to 100 m in length. Even though no other
mappable con tacts were ob served upsection, mostly due to
ex ten sive snow cover, the im pres sive thick ness of the MTC 

prob a bly re sults from mul ti ple amal gam ated de bris flows
with sim i lar fa cies. In terms of pe tro leum prospectivity,
MTCs do not represent good reservoirs due to their
dominant fine-grained composition.

Implication for Petroleum Exploration

The basal sed i men tary rocks of the suc ces sion ex posed on
the west ern side of the fault (Fig ure 2) con sist of de bris
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Fig ure 6. Strati graphic cross-sec tion of a mud-filled chan nel com plex, show ing the lat eral vari abil ity of
depositional units. No ver ti cal ex ag ger a tion.



flows and slumps. Their fine-grained ma trix and comp lexly 
folded lam i nated blocks sug gest that they orig i nally ac cu -
mu lated as fine-grained turbidites be fore be ing re mob -
ilized and de pos ited as co he sive grav ity flows. De po si tion
prob a bly took place in a slope en vi ron ment, where grav i ta -
tional col lapses were more likely to oc cur. In con trast,
youn ger sed i men tary rocks lo cated on the east ern side of
the fault con sist of un con fined thinly bed ded turbidites and
lat er ally ex ten sive sand stone beds. Lobe ge om e try within
those units sug gests that re peated low- and high-den sity
tur bid ity cur rents pro vided the bulk of the sed i ments to the
sub ma rine fan sys tems. The lack of MTCs in this in ter val
sug gests a re turn to more sta ble con di tions. Upsection,
scoured sur faces and mud-clast con glom er ate found at the
bases of the chan nel com plexes are in dic a tive of sed i ment
by pass and in ci sion (Fig ure 10). The sand stone beds are or -
ga nized in chan nel-lobe ge om e tries and show lo cal in ci -
sion into finer grained sed i men tary rocks. These sand-filled 
chan nel com plexes rep re sent the best res er voirs of the suc -
ces sion. In ad di tion to be ing rel a tively ho mo ge neous and
very thick, they are capped by in ter ven ing fine-grained de -
pos its rep re sent ing levée and overbank sed i ments, which

con sti tute an ad e quate seal to pre vent ver ti cal fluid flow.
These channellized flows are in gradational con tact above
the underlying unconfined frontal splays and lobes, and
probably constitute a progradation of the slope over the
basin floor.

The pro por tion of MTCs grad u ally in creases near the top of 
the suc ces sion. In co her ent de bris flows are interbedded
with amal gam ated sand stone beds, whereas fine-grained
turbiditic in ter vals are gen er ally ab sent. Even though the
sand stone beds are lat er ally ex ten sive along strike, res er -
voirs tend to be com part men tal ized due to the abun dant re -
work ing by de bris flows. This could in hibit per me abil ity
within the res er voir and rep re sent an ad di tional risk for pe -
tro leum ex plo ra tion. Con fined mud-filled chan nels de pos -
ited above ir reg u lar scoured sur faces in di cate that in ci sion
and sed i ment by pass were still dominant processes in the
slope environment.
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Fig ure 7. Folded cal car e ous concretionary block in a cha otic de -
bris flow unit. Brunton com pass for scale is 8 cm in width.

Fig ure 8. De formed slump unit lo cated above a de tach ment sur -
face. Dur ing slope fail ure, the un der ly ing thinly bed ded turbidites
re mained un dis turbed, while the mass-trans port com plex was sub -
ject to compressional and extensional de for ma tion. The let ter A in -
di cates the lo ca tion of Fig ure 9. Ham mer for scale is 30 cm long.

Fig ure 9. Synsedimentary de for ma tion fea tures formed by flat ten -
ing dur ing de po si tion of the slump. The more com pe tent mud lay -
ers pulled apart into boudins, whereas the sur round ing sandy lay -
ers flowed to fill the re main ing avail able space. Scale card is 8 cm
long.

Fig ure 10. Poorly sorted mud-clast con glom er ate lo cated above a
scour ing sur face. These in ter vals are com mon at the bases of
chan nel fills and are in dic a tive of sed i ment by pass and in ci sion.
Ham mer for scale is 30 cm in length.



Depositional el e ments of deep water clastic sys tems are
highly vari able and in clude a wide range of grav ity flows
with dif fer ent res er voir prop er ties. They con sist of co he -
sive de bris flows and slumps (MTCs), chan nel com plexes
and fine-grained tur bid ity flows. The oc cur rence of one
spe cific grav ity flow over an other is mainly a func tion of
sed i ment sup ply to the deep por tion of the ba sin. Vari a tions
in sed i men ta tion rates can be re lated to base-level fluc tu a -
tions above the shelf edge and/or tec tonic ac tiv ity. Two dif -
fer ent sce nar ios are ex plored (base-level changes vs. tec -
tonic ac tiv ity) to ex plain the succession of gravity flows
observed in the area.

Dur ing de vel op ment of a typ i cal pas sive-mar gin se quence,
an early stage of forced re gres sion is likely to trig ger in sta -
bil ity at the shelf edge and de po si tion of co he sive de bris
flows on the slope (Catuneanu, 2006). This could cor re -
spond to the low er most de bris flow unit ob served on the
west ern side of the fault. Dur ing late forced re gres sion, the
shelf be comes subaerially ex posed and ac cu mu la tion of
sand in the deep part of the ba sin is op ti mal. This is rep re -
sented by the progradation of the in cised chan nel com -
plexes above the sub ma rine fans. As base-level rises, in -
creas ing ac com mo da tion space is made avail able on the
shelf, which re duces the amount of coarse sediment
delivered to the deep marine basin.

In the case of a tec toni cally ac tive ba sin, re-ad just ment of
the slope an gle may have pro found im pacts on the dis tri bu -
tion of the grav ity flows, in de pend ently of shore line shifts.
In this model, MTCs ob served in the area would be re lated
to re peated slope fail ure ini ti ated by tec tonic ac tiv ity. Pau -
city of tec tonic ac tiv ity is in ferred dur ing de po si tion of the
sub ma rine fan/chan nel  com plexes,  when nor mal
progradation of the slope en vi ron ment would have oc -
curred over the ba sin floor. In con trast, sud den steep en ing
of the slope in re sponse to fault move ment is likely to have
trig gered rapid in ci sion and sed i ment by pass, as rep re -
sented by con fined mud-filled chan nels (Fig ure 6) and
abundant MTCs in the higher portion of the succession.

Even though it is dif fi cult to clearly sep a rate the ef fects as -
so ci ated with shore line shifts from those driven by tec tonic
pro cesses in the rock re cord, sed i men tary rocks of the up -
per Hazelton Group at Mount Dilworth at test to the strong
in flu ence of tec tonic in put dur ing deep water sed i men ta -
tion. The MTCs are un usu ally thick (up to 500 m) and con -
sti tute more than 50% of the en tire sed i men tary suc ces sion.
This is sig nif i cantly higher than most well-stud ied deep -
water pas sive-mar gin analogues such as the Isaac For ma -
tion of West ern Can ada (Gam mon et al., 2007; Laurin et al., 
2007; Navarro et al., 2007; Schwarz and Ar nott, 2007), the
West Crocker For ma tion of Bor neo (Crevello et al., 2007)
and the San Vicente For ma tion of Spain (Arbues et al.,
2007). In ad di tion, sed i ment by pass fa cies and re peated in -
ci sion of chan nel com plexes are too abun dant to solely be

driven by base-level fluc tu a tions. Based on these ob ser va -
tions, the au thors con clude that synsedimentary fault ing
was a ma jor com po nent in de ter min ing the na ture of the
grav ity flows. Thick MTCs were de pos ited dur ing fault re -
ac ti va tion, which in ter rupted the over all regressive cycle
responsible for progradation of the slope succession over
the basin floor.
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