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Introduction

Tri as sic rocks of the West ern Can ada Sed i men -
tary Ba sin (WCSB) in north east ern Brit ish Co -
lum bia con tain large re serves of nat u ral gas that 
are an im por tant re source for the prov ince.
Their equiv a lents in Al berta have long been de -
vel oped for oil and gas; the lower-most of these
units are known as the Montney and Doig for -
ma tions in the subsurface. The equiv a lents in
BC, how ever, have not been as ex ten sively
stud ied or de vel oped as those in Al berta. Pre vi -
o u s  w o r k  h a s  c o n  c e n  t r a t e d  o n  t h e
sedimentology and biostratigraphy of the sur -
face equiv a lents to the Montney and Doig for -
ma tions, namely the Grayling, Toad and Liard
for ma tions in north east ern BC. This pro ject
aims to build on this work by study ing out crop
sec tions in the Half way River map area (NTS
094B), pay ing par tic u lar at ten tion to the
sedimentology of the sec tions, and col lec tion
of sam ples for biostrati graphic and de tri tal zir -
con stud ies. This in turn will al low im proved
cor re la tion of hydrocarbon-bear ing rocks
across BC, with the po ten tial to in crease ex plo -
ra tion in the ar eas sur round ing the city of Fort St. John. It
will also lead to an in creased un der stand ing of sed i men ta -
tion path ways dur ing the de po si tion of Tri as sic rocks in the
WCSB, which will help to de ter mine the distribution of

sedimentary facies amenable to hydrocarbon generation
and accumulation.

In ad di tion to be ing pro duc tive hy dro car bon re serves, the
Tri as sic rocks of the WCSB were de pos ited at an im por tant
time in the as sem bly of the North Amer i can Cor dil lera. It
has pre vi ously been ar gued that con ver gence be tween the
pas sive mar gin of North Amer ica and the out board
pericratonic ter ranes be gan some time dur ing the Ju ras sic
(Mon ger and Price, 2002). Ev i dence from the Yu kon, how -
ever, has sug gested that this con ver gence may have be gun
as long ago as the Late Perm ian (Nel son et al., 2006; Ber -
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Fig ure 1. Lo ca tion of the Half way River map area (NTS 094B), north east ern Brit -
ish Co lum bia.
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anek et al., 2010b). This the ory is based in part upon the
tim ing of em place ment of in tru sions in Yu kon-Tanana
terrane, as well as the pres ence of de tri tal zir cons in Tri as sic 
sed i ments that could only have been sourced from that
terrane. The col lec tion of de tri tal zir con sam ples from
north east ern BC will help de ter mine whether ac cre tion be -
gan at a sim i lar time far ther south. The well-de fined
biostratigraphic timescale for the Triassic in BC will allow
the timing of this event to be better constrained.

Field work was un der taken in the sum mer of 2009, with a
sin gle sec tion stud ied south of the Half way River (Fig -
ure 2), named the South Half way sec tion. A de tailed re port
of this work was pub lished in Ferri et al. (2010). Since that
time, work on the biostratigraphy of the sec tion has been
com pleted, and pre lim i nary re sults from the de tri tal zir con
sam ples are reported here.

This pa per also pro vides an up date on field work con ducted
along the east arm of Williston Lake (Fig ure 3) dur ing the
sum mer of 2010. Eight Tri as sic sec tions were ex am ined,
namely Beat tie Ledge, East Car bon Creek, Folded Hill,
Gla cier Spur, Brown Hill, Black Bear Ridge, Ne-parle-pas
Point and Ursula Creek. Al though these sites have been
well stud ied in the past (Whiteaves, 1889; McLearn, 1930,
1940, 1941a, 1941b; Tozer, 1967; Irish, 1970; Thomp son,
1989; Gib son and Ed wards, 1990, 1992; Zonneveld, 2010), 
no sam pling for de tri tal zir con dat ing was car ried out at that
time. The well-es tab lished cono dont and ammonoid
biostratigraphy of these sec tions (Or chard and Tozer, 1997) 
make them well suited for a study of the tim ing of changes
in sed i men tary trans port path ways. Cono dont sam ples
have also been col lected from some of these lo cal i ties in or -
der to im prove the biostratigraphic re cord of these sec tions
and hence im prove cor re la tions within Triassic strata
throughout northeastern BC.

Triassic Stratigraphy of Northeastern
British Columbia

Fig ure 4 is a strati graphic chart show ing the dif fer ent Tri as -
sic for ma tions rec og nized in north east ern BC, as well as
their equiv a lents in the subsurface to the east (Peace River
and Al berta/BC) and in Al berta far ther to the south east
(Foot hills–Bow/Sukunka rivers).

The old est for ma tion stud ied and sam pled dur ing field work 
on this pro ject is the Toad For ma tion, at South Half way
(Fig ure 2), Ursula Creek, Brown Hill and Gla cier Spur (lo -
cal i ties 16, 10, 9, Fig ure 3). This for ma tion con sists of ar -
gil la ceous to cal car e ous siltstone, silty shale, silty lime -
stone and dolostone, as well as very fine grained sand stone
(Thomp son, 1989). It spans the Smithian (Early Tri as sic) to 
the Ladinian (Mid dle Tri as sic), and it is equiv a lent to the
Montney and lower Doig for ma tions in the subsurface
(Zonneveld, 2010).

Above the Toad For ma tion lies the Liard For ma tion, which
con sists of fine to coarse sand stone, cal car e ous and
dolomitic siltstone and sandy to silty dolostone and lime -
stone (Thomp son, 1989). It was ex am ined and sam pled at
South Half way (Fig ure 2), Gla cier Spur, Folded Hill and
Beat tie Ledge (lo cal i ties 9, 8, 3, Fig ure 3). It ranges in age
from the Ladinian to the Carnian, and is the sur face equiv a -
lent of the up per Doig and Half way for ma tions (Zonneveld, 
2010).

The Char lie Lake For ma tion over lies the Liard For ma tion
and con sists of cal car e ous and dolomitic siltstone and sand -
stone, dolostone, lime stone and evaporite (Zonneveld,
2010). The for ma tion re tains its name in the subsurface,
and is con sid ered to be Ladinian–Carnian in age (Zonne -
veld, 2010). No sam ples were col lected from this for ma -
tion.

The Char lie Lake For ma tion is in turn over lain by the Bal -
donnel For ma tion, which is char ac ter ized by a se quence of
lime stone, dolostone and siltstone (Zonneveld, 2010). This
unit is named af ter its subsurface equiv a lent. The age of this 
for ma tion ranges from up per Carnian to lower Norian in the 
east, and from lower Carnian to up per Carnian in the west
(Zonneveld, 2010). It was ob served and sam pled at East
Car bon Creek (lo cal ity 4, Figure 3).

The Ludington For ma tion is the west ern deep-wa ter equiv -
a lent of the Liard, Char lie Lake and Baldonnel for ma tions
(Gib son, 1993), and as such is only found in the most west -
erly out crops. Sam ples were col lected from this for ma tion
at Ursula Creek (lo cal ity 16, Fig ure 3). It con sists pri mar ily
of dolostone, lime stone and cal car e ous siltstone and is
Ladinian–Carnian in age (Zonneveld, 2010).

The youn gest part of the Tri as sic is rep re sented by the
Pardonet For ma tion, which was stud ied and sam pled at Ne-
parle-pas Point and Black Bear Ridge (lo cal i ties 15, 12,
Fig ure 3). This for ma tion con sists of lime stone, dolostone,
cal car e ous silt and shale (Zonneveld, 2010). This unit can
also be traced into the subsurface, and it is Norian to
Rhaetian in age (Zonneveld, 2010).

South Halfway Section

The South Half way sec tion is lo cated ap prox i mately 2 km
south of the Half way River, with the base of the mea sured
sec tion at 473870E 631169N (Zone 10, NAD 83; Fig ure 2). 
The sec tion has pre vi ously been de scribed by Gib son
(1971) and Ferri et al. (2010). In the sum mer of 2009, the
sec tion was in ves ti gated by two of the au thors (Golding and 
Ferri). The sec tion con sists of 643 m of the Toad and Liard
for ma tions with stratigraphically higher out crops of the
Char lie Lake, Baldonnel and Pardonet for ma tions. A de -
tailed re port of this work was pub lished in Ferri et al.
(2010). Since that time, work on the biostratigraphy of the
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sec tion has been com pleted, and pre lim i nary re sults from
the de tri tal zircon samples are reported here.

Biostratigraphy

Eigh teen cono dont sam ples were col lected from through -
out the sec tion, but only one was pro duc tive (sam ple 09-
OF-SH15). This sam ple was taken from sandy car bon ate
near the base of the Liard For ma tion, at a dis tance of 627 m

above the base of the sec tion, as de fined in Ferri et al.

(2010). The cono donts be long to two spe cies—Neogon dol -

ella liardensis Or chard and Budurovignathus mungoensis

(Diebel). Both of these spe cies are in dic a tive of the

sutherlandi and desatoyense zones. Al though a num ber of

ammonoids and bi valves were col lected in situ, it has not

been pos si ble to iden tify these due to poor pres er va tion.

How ever, one ammonoid col lected from scree above the
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Fig ure 2. Re gional ge ol ogy of the Half way River map area, north east ern Brit ish Co lum bia, show ing the lo ca tion of
the 2010 study area, the South Half way sec tion (stud ied in 2009), as well as the lo ca tion of work car ried out by the
au thors in 2008 (see Ferri, 2009). Af ter Ferri et al. (2010).
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Figure 3. Map of Peace Reach in the Half way River map area, north east ern Brit ish Co lum bia, show ing the dis tri bu tion of Tri as sic out crop
and the lo ca tion of Williston Lake sec tions (af ter Zonneveld, 2010). Those sec tions stud ied in 2010 are high lighted by red stars: Beat tie
Ledge (3); East Car bon Creek (4); Folded Hill (8); Gla cier Spur (9); Brown Hill (10); Black Bear Ridge (12); Ne-parle-pas Point (15); and
Ursula Creek (16).

Fig ure 4. Tri as sic for ma tions in Brit ish Co lum bia and their cor re la tions with those in the subsurface and in south ern Al -
berta (mod i fied from Ferri, 2009). Ab bre vi a tions: Ck, Creek; Fm, For ma tion; Gp, Group; Lk, Lake; Mb, Mem ber; Mtn,
Moun tain.



high est cono dont sam ple is iden ti fi able as Nathorstites mac -
connelli (Whiteaves). This is in dic a tive of the sutherlandi
zone, which is con sis tent with the cono donts col lected from 
stratigraphically lower in the sec tion. The sutherlandi zone, 
as de fined by Tozer (1994), con sists of two subzones and is
the youn gest zone of the Ladinian; how ever, work on cono -
donts from BC and Ne vada (sum ma rized in Or chard, 2010)
in di cates that the youn ger subzone is Carnian in age. This is 
the subzone that con tains Nathorstites macconnelli. There -
fore, at the South Half way sec tion, the base of the Liard
For ma tion ei ther oc curs within the up per most Ladinian or
the low er most Carnian. The for ma tion is at least in part
Carnian. It is in ter est ing to note that within the scree be low
the sam ple of Nathorstites there is a large ac cu mu la tion of
terebratulid brachi o pods, which are also found be low the
oc cur rence of Nathorstites on Williston Lake, more than
60 km to the south. McLearn (1947) de scribed the dis tri bu -
tion of the Nathorstites fauna across BC.

Detrital Zircons

Six de tri tal zir con sam ples were col lected from through out
the sec tion. The ma jor ity of the rock sam pled was siltstone,
and the very small grain size of the con tained zir cons made
them very dif fi cult to an a lyze. The most in ter est ing of the
pre lim i nary re sults co mes from sam ple SH02-Z, col lected
421 m above the base of the sec tion. Al though some of the
grains from sam ple SH02-Z are of Pro tero zoic age, at least
one grain is De vo nian in age. This could in di cate der i va tion 
from the Ellesmerian orogenic wedge to the north (e.g.,
Beranek et al., 2010a), from De vo nian ig ne ous rocks
within the Yu kon-Tanana terrane, or from a more lo cal or i -
gin. How ever, with only one grain pres ent it is not pos si ble
to dis tin guish the pos si ble source ar eas based on the zir con
data alone. The sam ple orig i nates 206 m be low the only
firm age con straint in the sec tion (dated cono dont sam ple
09-OF-SH15 at 627 m) and so the tim ing of De vo nian in put
into the WCSB is poorly con strained. Fur ther at tempts will
be made to ob tain dat able zir cons from sam ple SH02-Z and
also SH04-Z and SH05-Z, which are closer to the location
of the dated conodont sample 09-OF-SH15.

Correlation with the Subsurface

The gamma-ray logs that were gen er ated for the sec tion en -
able its cor re la tion with other sec tions both at the sur face
and in the subsurface. A pre lim i nary cor re la tion has been
pub lished by Ferri et al. (2010), based upon the rec og ni tion
of the Doig phos phate zone. Phos phate is com monly as so -
ci ated with ra dio ac tive el e ments in clud ing U, K and Th.
The Doig phos phate zone there fore shows up as a spike at
the Montney-Doig bound ary in the gamma-ray logs, as
shown in Fig ure 5. This is par tic u larly sharp in the more
east erly sec tions, but be comes more dif fuse to the west,
pos si bly in di cat ing that the Doig For ma tion is con densed in 
the east, and the lower bound ary may be un con form able.

The Doig phos phate zone has pre vi ously been as signed an
age from Spathian to Anisian (Zonneveld, 2010), and al -
though the top of the spike at the South Half way sec tion is
327 m be low the cono dont sam ple 09-OF-SH15 that
yielded a Ladinian–Carnian age, it is con sis tent with the
age range that has previously been suggested.

Williston Lake Sections

In the sum mer of 2010, three of the au thors (Golding,
Zonneveld and Or chard) con ducted field work on Peace
Reach, the east ern ex ten sion of Williston Lake in the Half -
way River map area (NTS 094B; Fig ure 3). Eight Tri as sic
sec tions were ex am ined, namely Beat tie Ledge, East Car -
bon Creek, Folded Hill, Gla cier Spur, Brown Hill, Black
Bear Ridge, Ne-parle-pas Point and Ursula Creek. Sam ples
were ob tained for both de tri tal zir con and cono dont anal y -
sis, and col lec tion fo cused on the parts of the sec tions that
were con sid ered most likely to be pro duc tive. De tri tal zir -
con sam ples were col lected from the coars est sed i ment
pres ent, whilst cono dont sam ples were col lected from car -
bon ates where knowl edge of the fauna pres ent was in com -
plete in or der to im prove the biostratigraphic re cord of
these sec tions and hence im prove cor re la tions within
Triassic strata throughout northeastern BC.

Sam pled sec tions range in age from Smithian to Rhaetian.
The Late Perm ian is the ear li est time that the ac cre tion of
the pericratonic ter ranes has been pos tu lated (Beranek et
al., 2010b), how ever ev i dence for con ver gence dur ing the
Tri as sic would be ear lier than has pre vi ously been sug -
gested for the Cor dil lera (Mon ger and Price, 2002).

The fol low ing de scrip tions of ex am ined sec tions are dis -
cussed by geo graphic lo cal ity, from west to east (Fig ure 4).
Strati graphic logs of the sec tions were pub lished in
Zonneveld (2010), and mea sure ments re fer to the dis tance
above the base of the sec tions as de fined in those logs.

Ursula Creek

The sec tion at Ursula Creek is lo cated near the west ern end
of Peace Reach (lo cal ity 16, Fig ure 3). This lo ca tion was
cho sen be cause it is one of the most west erly out crops of
Tri as sic rocks in the WCSB, and as such is more likely to
con tain ev i dence for sed i ment trans port from the west, if
any such ev i dence is pres ent. The sed i ments at this sec tion
con sist pri mar ily of shale and siltstone of the Grayling and
Toad for ma tions with car bon ates be long ing to the
Ludington For ma tion above. Four de tri tal zir con sam ples
were col lected from coarse beds lo cated 78.90, 85.20,
124.9 and 129.55 m above the base of the sec tion. These
sam ples were all taken from the Toad For ma tion and fit into
a well-de fined biostratigraphic timescale that ranges from
Smithian to Ladinian in age.
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Fig ure 5. Cor re la tion of lithological and gamma-ray logs of the South Half way sec tion with gamma-ray logs from subsurface wells to the east, north east ern
Brit ish Co lum bia. The Doig phos phate zone shows up as a prom i nent spike in the read ings near to the Montney-Doig bound ary, al though it be comes less
pro nounced in the more west erly logs. Lo ca tions of the logs shown on map (in set). Af ter Ferri et al. (2010).



Ne-parle-pas Point

The Ne-parle-pas Point sec tion (lo cal ity 15, Fig ure 3) is lo -
cated far ther to the east of Ursula Creek, and was cho sen for 
in ves ti ga tion be cause of three coarse lag beds within the
Pardonet For ma tion. These beds are lo cated 41.2, 42.5 and
51 m above the base of the mea sured sec tion and were sam -
pled for de tri tal zir con geo chron ol ogy. The Pardonet For -
ma tion here con sists of shale and silt punc tu ated by coarser
beds, and it has pre vi ously been dated to the Norian stage.

Black Bear Ridge

The sec tion at Black Bear Ridge (lo cal ity 12, Fig ure 3) has
been ex ten sively stud ied due to the pres ence of a com plete
Carnian-Norian bound ary sec tion, and it is a can di date for
the Global Bound ary Stratotype Sec tion and Point for this
bound ary (Or chard et al., 2001). The old est unit pres ent at
Black Bear Ridge is the Ludington For ma tion, which con -
sists of cal car e ous and dolomitic siltstone. This is over lain
by turbidites be long ing to the Pardonet For ma tion. This
study fo cused on the up per part of the Pardonet For ma tion,
which has been dated to the Rhaetian. This is the youn gest
sec tion that was ex am ined on Williston Lake. If de tri tal zir -
cons sam pled from this sec tion sug gest trans port from the
west dur ing the Rhaetian, it would push back the cur rently
ac cepted date for the fi nal ac cre tion of the out board ter -
ranes from the Early Ju ras sic. In the Yu kon, west erly de -
rived sed i ment from the Late Perm ian on wards have been
de tected but it is not clear whether sediment input occurred
as early in BC.

One de tri tal zir con sam ple was col lected from a gran ule lag
bed, 242 m above the base of the mea sured sec tion. The last
oc cur rence of Monotis is be low the lag bed. How ever, the
age of the sec tion above the lag bed is poorly con strained
due to dif fi culty in ob tain ing pro duc tive cono dont sam ples, 
and as such, four ad di tional cono dont sam ples were col -
lected in an at tempt to im prove the res o lu tion of the
biostratigraphic timescale. Two were from shale, 242.8 and
243.8 m above the base of the mea sured sec tion, and two
were from cal car e ous nod ules that were 242.8 and
244.05 m above the base.

Brown Hill

The Brown Hill sec tion is lo cated far ther east of Black Bear
Ridge (lo cal ity 10, Fig ure 3). Here, cal car e ous siltstones
and fine sand stones of the Toad For ma tion are over lain by
fine to me dium sand stone and car bon ate of the Liard For -
ma tion, which is in turn over lain by car bon ates, evaporites
and crossbedded sand stones be long ing to the Char lie Lake
For ma tion. The up per part of the sec tion con sists of car bon -
ate and cal car e ous sand stone of the Baldonnel For ma tion
over lain by sand stone, shale and nod u lar and bioclastic
lime stone be long ing to the Pardonet For ma tion. Two sam -
ples were col lected for de tri tal zir con dat ing from beds lo -

cated 191 and 239 m above the base of the mea sured sec -
tion. These sam ples are from fine sand stone of the Toad
Formation (Anisian to Ladinian in age).

Glacier Spur

Gla cier Spur is lo cated across the lake from Brown Hill (lo -
cal ity 9, Fig ure 3). The sec tion is 370 m thick, and is the
most ex ten sively sam pled of all the sec tions. At the base of
the sec t ion is  the Toad For ma t ion,  con sist  ing of
interbedded siltstone and shale. Above this are fine to me -
dium sand stones and car bon ates of the Liard For ma tion as
well as car bon ates and evaporites be long ing to the Char lie
Lake For ma tion. Five de tri tal zir con sam ples were col -
lected from coarse sand beds at 122.6, 149.0, 255, 293.8
and 304 m above the base of the mea sured sec tion, and five
cono dont sam ples were col lected from cal car e ous beds at
129, 235, 312.3, 312.7, 313 and 319.3 m above the base.
The sam ples all come from the Liard For ma tion, which is
dated to the Ladinian. The col lec tion of a large num ber of
de tri tal zir con and cono dont sam ples will hope fully al low
the tim ing of any changes in sed i men tary prov e nance to be
tightly con strained. Al though cono dont sam ples have pre -
vi ously been col lected from this sec tion, the cur rent
samples should help to better constrain the age ranges
present.

Folded Hill

Folded Hill is lo cated just east of the Brown Hill lo cal ity
(lo cal ity 8, Fig ure 3). The sec tion con sists of shale,
siltstone and sand stone be long ing to the Toad For ma tion,
over lain by shale, fine to me dium sand stone and mi nor car -
bon ate of the Liard For ma tion, which is in ter ca lated with
fine sand stone of the Char lie Lake For ma tion. One de tri tal
zir con sam ple was col lected from a coarse sand bed lo cated
203 m above the base of the mea sured sec tion. This sam ple
was taken from the Liard Formation (Ladinian in age).

East Carbon Creek

Far ther to the east, there is a sec tion at East Car bon Creek
(lo cal ity 4, Fig ure 3). At the base of the sec tion, there is fine
sand stone and car bon ate of the Char lie Lake For ma tion,
which tran si tions into cal car e ous siltstone, sand stone and
car bon ate of the Baldonnel For ma tion. Again, one sam ple
was col lected for de tri tal zir con anal y sis from a gran ule lag
bed lo cated 76 m above the base of the mea sured sec tion.
This sam ple co mes from the Baldonnel Formation (Carnian 
in age).

Beattie Ledge

The east ern most sec tion in ves ti gated was Beat tie Ledge
(lo cal ity 3, Fig ure 3). Here there is siltstone and fine sand -
stone of the Toad For ma tion, in ter ca lated with fine to
coarse sand stone and car bon ate biostromes of the Liard
For ma tion. This unit is in turn in ter ca lated with sand stone,
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car bon ate and evaporite of the Char lie Lake For ma tion. No
de tri tal zir con sam ples were col lected from this sec tion. In -
stead, two cono dont sam ples were col lected from 36 and
48.5 m above the base of the mea sured sec tion. These were
taken from the Liard For ma tion, which is Ladinian in age.
The sam ples were col lected from beds that also con tained
an abun dant ammonoid fauna, which was col lected by
L. Krystyn (Uni ver sity of Vi enna, Aus tria) and M. Balini
(Uni ver sity of Mi lan, It aly), and will com ple ment the age
de ter mi na tions of the cono dont sam ples. An im proved un -
der stand ing of the age of these beds will aid in the cor re la -
tion of this section with others on the lake and elsewhere in
northeastern BC.

Conclusions and Future Work

The work that was be gun in 2009 has thus far en abled cor -
re la tion of the South Half way sec tion with other sec tions
both in the subsurface to the east and with the sec tions on
Williston Lake to the south. This cor re la tion is based partly
on gamma-ray logs and partly on biostratigraphy, and the
com bi na tion of these tech niques holds prom ise for more
pre cise and wide spread cor re la tion of these rocks in the fu -
ture. The age of the Doig phos phate zone has been con -
firmed as older than Ladinian within the west ern part of the
WCSB. A sin gle de tri tal zir con from the South Half way
sec tion in di cates the de po si tion of sed i ment de rived from a
De vo nian source, pos si bly the Ellesmerian orogenic wedge 
to the north. Ad di tional dat ing of de tri tal zir con sam ples
close to a cono dont sam ple in dic a tive of the sutherlandi
zone will hope fully pro vide con fir ma tion of this finding
and constrain the timing of this sediment input.

Sam ples col lected from Williston Lake will be pro cessed
for de tri tal zir con dat ing and cono dont anal y sis. This will
build on the ini tial ob ser va tions from the South Half way
sec tion and in di cate if and when changes in sed i men ta tion
took place in north east ern BC in the Tri as sic. More sam ples 
will be col lected in the au tumn of 2010 from core housed in
the BC Min is try of En ergy’s stor age fa cil ity in the com mu -
nity of Char lie Lake, to al low cor re la tion be tween sur face
out crop and subsurface sec tions. The re sult ing data will
have im pli ca tions for the tim ing of changes in Tri as sic sed i -
men tary fa cies and prov e nance of these nat u ral gas–
bearing rocks in BC, which will in turn al low more de tailed
mod els of the dis tri bu tion of fa cies to be made. This, com -
bined with the im proved cor re la tion of Tri as sic rocks
across BC, will help to de ter mine the location and nature of
likely hydrocarbon-bearing rocks in the province.
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