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Introduction

The Montney For ma tion in north east ern Brit ish Co lum bia
is a fo cus of con sid er able in dus try ac tiv ity as a shale gas
and tight gas tar get. Suc cess ful ex ploi ta tion of this re source 
will re quire geo log i cal in sights into the strati graphic
frame work, dis tri bu tion of or ganic mat ter and shale fab ric.
The lat ter af fects me chan i cal rock prop er ties and more
knowl edge on this topic will lead to in no va tive en gi neer ing
tech niques to ef fi ciently ex ploit this re source. A se quence
biostratigraphic frame work in both core and out crop to the
west is needed in or der to map the dis tri bu tion of silt ier and
sand ier ho ri zons, and the po ten tial con cen tra tion of or ganic 
mat ter. This pre lim i nary study ad dresses the cur rent
biostratigraphic po ten tial for the in ter val (lat est Perm ian to
ear li est Mid dle Tri as sic) and dis cusses li thol ogy and
depositional rates at four different locations. The sequence
biostratigraphic framework is still in progress.

Study Area and Methods

Field sites for this study are lo cated in east-cen tral Brit ish
Co lum bia (BC) in the Sukunka-Kakwa area, within NTS
ar eas 093I, O and P (Fig ure 1). The out crops, lo cated south
and west of Chetwynd, BC, are part of the south east-
trending out crop belt that rep re sents the wes tern most ex -
tent of the West ern Can ada Sed i men tary Ba sin. Three out -
crops were stud ied in Au gust 2010, in clud ing Mount Crum, 
Peck Creek and Ursula Creek, and a fourth site is de scribed
based on the re port by Or chard and Zonneveld (2009). Out -
crops were ac cessed by he li cop ter due to the re mote na ture
of the sites.

Li thol ogy sam ples were col lected for Rock Eval™ anal y sis 
and to char ac ter ize shale fab ric. Cono dont sam ples were
col lected to pro vide a biostratigraphic frame work for cor -
re la tion and are be ing pro cessed fol low ing standard
procedures.

Geological Setting

Sed i ments were de pos ited in a va ri ety of depositional en vi -
ron ments within the Peace River Ba sin from west-cen tral
Al berta to north east ern BC. Struc tural in ver sion of var i ous
tec tonic el e ments, pos si bly caused by far-field ef fects from
the Sonoma Orog eny, re sulted in a com plex ba sin that af -
fected the dis tri bu tion of depositional en vi ron ments dur ing
the lat est Perm ian to ear li est Tri as sic trans gres sion. The
dis tri bu tion of tec tonic highs and lows are known at a re -
con nais sance level for the Up per Pa leo zoic suc ces sion in
the area (Henderson et al., 2010; Zubin-Stathopoulos et al.,
2011), but are very poorly known for the Lower Tri as sic in
the re gion. Kend all (1999) dem on strated some of the ef -
fects of struc tural in ver sion at the Perm ian–Tri as sic bound -
ary and latest Dienerian through her subsurface mapping in
west-central Alberta.

Sed i men ta tion oc curred on the north west ern mar gin of
Pangea at a paleolatitude cen tred about 25ºN that was, just
as to day, a site of very arid con di tions (Davies et al., 1997).
Arid ity and re duced rates of chem i cal weath er ing meant
that very lit tle me dium to coarse sand and very lit tle clay
were de liv ered to the Peace River Ba sin by ephem eral flu -
vial sys tems. Very fine grained sand was dis trib uted by var -
i ous pro cesses along the coast and de liv ered to the ba sin by
storms and turbidites (Moslow and Davies, 1997). Eolian
pro cesses de liv ered a con sid er able pro por tion of coarse silt
into the ba sin through out this in ter val (Davies et al., 1997),
but the pro por tion of clay may have been higher dur ing the
lat est Perm ian and ear li est Tri as sic (Phroso Mem ber of the
Sul phur Moun tain For ma tion) be cause of in creased weath -
er ing as so ci ated with ef fects from the Late Perm ian ex tinc -
tion event (Hays et al., 2007; Algeo and Twitchett, 2010).
The Late Perm ian ex tinc tion also af fected the dis tri bu tion
of trace fos sils (Beatty et al., 2008) and the pro por tion of
bioclasts, both of which significantly affect reservoir
characteristics.

Biostratigraphy and Biochronology

Cono dont biostratigraphy is sum ma rized in Fig ure 2. Three 
M.Sc. the ses un der my su per vi sion orig i nally dem on -
strated the value of cono dont biostratigraphy in the
Montney For ma tion (Markhasin, 1997; Kend all, 1999;
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Panek, 2000). The biozonation for the Late Perm ian is
strongly con trolled by pro vin cial ism and, as a re sult, there
is a zonation for cool-wa ter and warm-wa ter (Mei and
Henderson, 2001; Henderson and Mei, 2007). Dur ing the
lat est Perm ian, as so ci ated with events that re sulted in
Earth’s great est ex tinc tion event, this pro vin cial ism breaks
down for the most part and a sin gle stan dard zonation re -
sults (Fig ure 2), but there re main some is sues as so ci ated
with biofacies con trol, endemism and tax on omy that af fect
the du ra tion of zones and pres ence of dis tinc tive fau nas.
The ages for stage bound aries have been con sid er ably mod -
i fied in the past few years with ad vances in U-Pb ra dio met -
ric dat ing and the dis cov ery of new ash beds in sed i men tary
suc ces sions (Fig ure 2). The ages of in di vid ual zones are not 
known with cer tainty, but are pro por tion ally cal i brated
within the known frame work. As a re sult, the pre ci sion and
ac cu racy of zonal ages for the Induan and Early Olenekian
are much higher than for the Late Olenekian and Anisian.
Im proved tax on omy will un doubt edly lead to in creased
pre ci sion for the Spathian and Anisian. As a re sult, with this 
good biochronological con trol, it is pos si ble to es ti mate
rates of de po si tion for the Phroso, Meosin Moun tain and
Vega members of the Sulphur Mountain Formation, and
portions of the Grayling and Toad formations.

Stratigraphy and Depositional Rates

The strati graphic units be ing in ves ti gated rep re sent the sur -
face equiv a lents of the Montney For ma tion and in clude the
Phroso, Meosin Moun tain and Vega mem bers of the Sul -
phur Moun tain For ma tion, as well as the Grayling and Toad 
for ma tions. The li thol ogy and dis tri bu tion of these units in
the study area was dis cussed by Gib son (1975). This sec -
tion dis cusses these units at four lo ca tions: Meosin Moun -
tain, Mount Crum and a com pos ite of Peck Creek and
Ursula Creek (Fig ure 3). Very lit tle of the suc ces sion can be
re ferred to as pure shale and so many of the res er voir char -
ac ter is tics are re lated to the po ros ity and per me abil ity dis -
tri bu tion within siltstone and very fine grained sand stone
beds. The fab ric of shaly parts of the suc ces sion is char ac -
ter ized by vari a tions in cal car e ous or dolomitic ce ment,
phys i cal sed i men tary struc tures, biogenic sed i men tary
struc tures and depositional rates. Slower de po si tion rates
re sult in more compacted rock fabrics that would behave in
a more brittle fashion.

Meosin Mountain Section

This sec tion de scrip tion is based on Or chard and
Zonneveld (2009), in which they named a new mem ber, the
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Fig ure 1. Study area in east-cen tral Brit ish Co lum bia, show ing the lo ca tions of sec tions (us ing NAD 83): Meosin Moun tain, 54.28616°N,
120.32557°W; Mount Crum, 55.02541°N, 121.65057°W; Peck Creek, 55.75045°N, 122.95348°W; and Ursula Creek, 55.99312°N,
123.17426°W.



Meosin Moun tain Mem ber, for an ap prox i mately 20 m
thick suc ces sion of turbidites. The Phroso Mem ber sits un -
con form ably on the Mid dle Perm ian Mowitch For ma tion,
which in turn rests un con form ably on the Lower Perm ian
Belcourt For ma tion. The Phroso Mem ber is 48.5 m thick at
Meosin Moun tain and in cludes a re ces sive, pla nar-lam i -

nated, or ganic-rich and pyritiferous silty shale suc ces sion
that grades up ward into rip ple-lam i nated dolomitic
siltstone and very fine grained, quartz-rich litharenite. The
unit is cor re lated with the Clarkina carinata to lower
Paulella meeki zones (Or chard and Zonneveld, 2009) and
is  there  fore  Griesbachian to  mid-Smithian. The
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Fig ure 2. Dis tri bu tion of cono dont biozones for the Changhsingian (Late Perm ian) to Anisian (Mid dle Tri as sic) in the study area, east-cen -
tral Brit ish Co lum bia. This chart is a mod i fied sum mary of biozonation de scribed in Or chard (2008, 2010) and Or chard and Zonneveld
(2009). The geo chron ol ogi cal ages are mod i fied from Ogg (2004) based on new dates from Mundil et al. (2010) and Shen et al. (2010).
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Fig ure 3. Li thol ogy for Meosin Moun tain, Mount Crum and the Peck Creek and Ursula Creek com pos ite, east-cen tral Brit ish Co lum bia.
Strati graphic units are ar ranged ac cord ing to time, and mea sure ments above base in metres are pro vided at key points. MM, Meosin Moun -
tain Mem ber.



Griesbachian (but not ear li est Griesbachian) to Dienerian
in ter val of 37 m in di cates a depositional rate of 0.04 m per
1000 years, which seems to rep re sent a gen eral back ground 
rate of de po si tion for much of the Sul phur Moun tain and
equiv a lent Grayling and Toad for ma tions in the re gion.
This unit is sharply over lain by the Meosin Moun tain Mem -
ber, which is rep re sented by 19.5 m of amal gam ated, dis -
tinct, very fine grained sand stone beds that are in ter preted
to be the prod uct of turbidite de po si tion. Or chard and
Zonneveld (2009) showed that this mem ber was de pos ited
dur ing the up per half of the P. meeki zone and lower
Scythogondolella mosheri zone, an in ter val es ti mated at
200 000 years based on equal dis tri bu tion of zones in the
Smithian. This would trans late into an av er age depositional 
rate of 0.10 m per 1000 years. These turbidites are youn ger
and prob a bly un re lated to the low er most Smithian
turbidites that char ac ter ize the Val halla–La Glace–
Knopcik suc ces sion in west-cen tral Al berta (Kend all,
1999). The over ly ing Vega Mem ber is 126 m thick and con -
sists of mostly quartz-rich shaly siltstone and vari ably cal -
car e ous, very fine grained sand stone. The depositional rate
is es ti mated at 0.04 m per 1000 years. The up per con tact
with the Whis tler Mem ber (equiv a lent to the basal Doig
For ma tion in subsurface) is sharp and marked by a
phosphate-rich shale and siltstone interval with a phos -
phate-gran ule layer at the erosional base.

Mount Crum Section

This sec tion dif fers in many re spects from that at Meosin
Moun tain. The suc ces sion be gins with 24 m of silty black
shale with dis sem i nated py rite and cal car e ous con cre tions
be long ing to the Phroso Mem ber, which is re stricted to the
Dienerian. The Griesbachian is miss ing at this lo ca tion,
prob a bly be cause this site was high through much of the
Late Pa leo zoic (Henderson et al., 2010) and ear li est Tri as -
sic; 1 m of phos phatic sand stone and chert, cor re lated with
the Mid dle Perm ian Fantasque For ma tion, sits un con form -
ably on Mis sis sip pian car bon ate of the Visean Mount Head
For ma tion. The Phroso Mem ber is con form ably over lain
by platy, or ange- to grey-weath er ing, cal car e ous siltstone
and shaly siltstone with con cre tions and bi valve-rich
bioclastic lime stone beds, cor re lated with the Smithian part
of the Vega Mem ber. Depositional rates of 0.08  and
0.14 metres per 1000 years for the Dienerian and Smithian,
re spec tively, are some of the high est es ti mated in the re gion 
(Ta ble 1). This may be a func tion of in creased sub si dence
fol low ing struc tural in ver sion of a Late Pa leo zoic high dur -
ing the Early Tri as sic and the in creased pro por tion of
bioclastic car bon ate. In ad di tion, there are no turbiditic
sand stone units within any part of the suc ces sion at Mount
Crum. The Spathian at Mount Crum is about 190 m thick
and con sists of grey-weath er ing, interbedded cal car e ous
silty shale and bioclastic lime stone. The depositional rate is
es ti mated at 0.06 m per 1000 years. The Vega is over lain by
phos phatic shale and lime stone of the Whis tler Mem ber.

The in creased pro por tion of car bon ate at this sec tion might
suggest that these units would be better attributed to the
Grayling and Toad formations (see Gibson, 1975).

Peck Creek and Ursula Creek Composite
Section

The Peck Creek sec tion was mea sured in de tail dur ing Au -
gust 2010 and cono dont work is still pend ing. How ever,
cor re la tions can be made di rectly to the sec tion at Ursula
Creek (Henderson, 1997; Zonneveld and Henderson,
1999). As a re sult, the sec tion de picted in Fig ure 3 is a com -
pos ite of the two sites. In gen eral, depositional rates at these 
two sec tions are much lower than at the other de scribed
sites, ow ing largely to the more dis tal depositional set ting.
At both lo ca tions, the Grayling For ma tion sits con form ably 
on a re ces sive up per mem ber of the Fantasque For ma tion
that con sists of interbedded fis sile shale and thin beds of
dark grey to black chert. There is no ero sional lag and the
for ma tion con tact ap pears sharp only be cause of the de gree
of sili ci fi ca tion. The source of sil ica is sponge spicules that
are miss ing in the Grayling For ma tion af ter the Late Perm -
ian ex tinc tion. The basal Grayling con sists of silty shale
and dolomicrite (Wignall and New ton, 2003) that grades
up ward into lam i nated black shale de pos ited in a deep
basinal set ting. The Grayling-Toad formational con tact is
marked by the in crease in bioclastic lime stone interbedded
with black silty shale. In ter ca lated lam i nated black silty
shale and dark grey siltstone char ac ter ize the suc ces sion a
lit tle higher in the Toad For ma tion. These beds are at trib -
uted to dis tal turbidites dis play ing amal gam ated D-E and
C-D-E Bouma se quences in an outer turbidite fan to
turbidite fan fringe set ting (Zonneveld and Henderson,
1999). These turbidites are cor re lated with the Up per
Smithian and Spathian and, al though they may over lap in
age with turbidites at Meosin Moun tain, most of them are
youn ger and seem ingly un re lated to that suc ces sion or to
the suc ces sion in west-cen tral Al berta men tioned pre vi -
ously. The turbidite suc ces sion is over lain by phos phatic
silty black shale with bioclastic cal car e ous con cre tions that
are dated as Anisian on the ba sis of cono donts. Ages are
poorly con strained for the Lower Tri as sic in ter val (see
Zonneveld and Henderson, 1999), but depositional rates
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Stage \ 

Section

Meosin 

Mountain

Mount 

Crum

Peck Creek�

Ursula Creek

Smithian�
Spathian

0.04 0.08 0.01

Spathian 0.03 0.06 0.004

Smithian 0.07 0.14 0.03

Dienerian only 0.08

Griesbachian�
Dienerian

0.04 0.03

Table 1. Estimated depositional rates for the studied
sections, expressed as metres per 1000 years.



are es ti mated at 0.03 m per 1000 years for the Griesbachian
to Smithian and as low as 0.004 m per 1000 years for the
Spathian, although rates must have been higher during
deposition of the turbidite intervals.

Conclusions

Li thol ogy and depositional rates for the Lower Tri as sic
suc ces sion of east-cen tral and north east ern BC vary sig nif -
i cantly across the re gion, point ing to the need for a well-de -
vel oped se quence biostratigraphic frame work in or der to
best as sess the over all po ten tial for shale gas and tight gas
in the region.
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