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AbstrAct
Freshwater bedrock aquifers are hosted almost entirely by Cretaceous strata in northeast British Columbia. 
The most important prospective regional bedrock units for freshwater aquifers are the coarse clastic 
Cenomanian Dunvegan and Campanian Wapiti formations. Much of the Lower Cretaceous Fort St. John 
Group and the Upper Cretaceous Kotaneelee, Puskwaskau and Kaskapau formations are dominated 
by shale strata and generally behave as regional aquitards, but locally contain members that may host 
aquifers, including fractured shale sequences and coarse clastic intervals. In the Peace River valley, some 
of these aquifers are well known, but outside that region, hydrogeological data are sparse and many 
aquifers remain to be formally identified and delineated. Hydrocarbon exploration activity is occurring in 
new areas because of shale gas development. New exploration will generate lithological and geochemical 
data from areas where data is currently sparse, and will significantly improve our knowledge about the 
hydrostratigraphy of Cretaceous clastic units across northeast British Columbia.
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inTroduCTion

Bedrock aquifers are an important source of fresh 
water in British Columbia. The recent expansion of shale 
gas development in northeast British Columbia has signifi-
cantly increased the demand for water in this region. In re-
sponse, the British Columbia Ministry of Energy and Mines 
(MEM) has initiated several groundwater studies, including 
this study, which is a preliminary investigation of potential 
aquifer-hosting bedrock formations in the zone between 
600 m depth and surface.

The MEM and its collaborators, the British Colum-
bia Oil and Gas Commission (OGC) and Geoscience BC 
(GBC), are undertaking complementary water studies in 
British Columbia’s natural gas–producing regions. Hayes 
(2010) and Hayes et al. (2011) evaluated deep saline aqui-
fers in the Horn River Basin and the Montney play for their 
capabilities to produce the volumes of water necessary to 
support completions and to accept spent hydraulic fractur-
ing (flow-back) fluids by deep well injection. Brown (2011) 
reported on the Montney Water Project, a GBC-sponsored 

collaboration that included projects directed at aquifer 
mapping and classification (Lowen, 2011), surficial map-
ping compilation (Hickin and Fournier, 2011) and delinea-
tion of paleovalleys that may host unconsolidated aquifers 
(Hickin, 2011). Wilford (2012) and Hickin and Best (2012) 
are expanding on this work in the Dawson Creek area.

In British Columbia, drilling and production regula-
tions under the Oil and Gas Activities Act (2010) protect 
nonsaline groundwater by prohibiting hydraulic fracturing 
above 600 m depth and stipulates that surface casing must 
be set to a base of known fresh groundwater aquifers or to 
a depth of 600 m. The 600 m protection datum is conserva-
tive but necessary in the absence of an adequate database. 
Freshwater supply wells are rarely drilled to depths greater 
than 150 m. Drilling costs increase with depth; at depths 
greater than 150 m, other water sources become more cost 
effective.

Most of the oil and gas–producing region of northeast 
British Columbia is underlain at the surface and shallow 
subsurface (i.e., less than 600 m depth) by Cretaceous clas-
tic sequences (Fig. 1) that were deposited along the western 
margin of the Western Canadian Sedimentary Basin (Irish, 
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1958; Stott and Taylor, 1968a, b; Stott, 1975, Thompson, 
1975a–c; Taylor, 1979; McMechan 1994; Taylor and Stott, 
1999). These Cretaceous units represent the primary tar-
get horizons for freshwater resource exploration. Oil and 
gas exploration target horizons occur at depths generally 
between 1000 and 2500 m and range in age from the Devo-
nian to the earliest Late Cretaceous (Table 1). On the plains 
of northeast British Columbia, the structural geology is 
relatively simple, consisting of near-horizontal sedimentary 
strata. In the Rocky Mountain Foothills, the geology is more 
complex and pre-Cretaceous rocks occur at the surface as a 
result of uplift, folding and faulting along the deformation 
front (Taylor, 1972; Cecile et al., 2000; Hinds and Cecile, 
2003). Pre-Cretaceous rock units occur at the surface at a 
few of the westernmost gas-producing fields and may host 
local aquifers.

This report identifies data sources and previous work 
that provide tools for freshwater resource exploration and 
describes characteristics of shallow (<600 m) bedrock units 
in terms of their predicted hydrostratigraphic properties 
(i.e., aquifer versus aquitard), lithology and distribution. 
Major widespread units are described first, followed by dis-
cussion of units of limited distribution grouped according 
to the specific geographic regions (Fig. 1 inset) where they 
occur.

previous worK and daTa sourCes: 
Tools For FresHwaTer resourCe 
exploraTion, managemenT and 
proTeCTion

Five significant sources of information are available 
for shallow subsurface geology and water chemistry in 
northeast British Columbia: previous aquifer studies, sur-
face geology maps, detailed stratigraphic studies of specific 
geological formations, water well logs and oil and gas ex-
ploration well records.

Previous aquifer studies

Mathews (1950, 1955) conducted preliminary investi-
gations in the Peace River District for groundwater pros-
pects for domestic and agricultural use. Mathews (1950) 
identified several surficial and bedrock-hosted aquifers and 
provided general comments about their yields and water 
quality. Mathews (1955) defined six physiographic units 
in the district and assessed their groundwater prospectivity. 
Ronneseth (1983) and Cowen (1998) compiled quantitative 
data on water well yields and water quality from surficial 
and bedrock-hosted aquifer units in the Peace River valley 
and commented on local and regional trends. Both noted 
that bedrock aquifers generally have lower water yields 

and quality than surficial aquifers, and that quality tends to 
be poorer on the plains and better in the Rocky Mountain 
Foothills. Lowen (2004, 2011) identified, delineated and 
classified developed aquifers in the Peace River region. 
Jones (1966), Barnes (1977), Hitchon (1990) and Bachu et 
al. (1993) conducted hydrogeological studies in correlative 
strata in the Peace River valley in adjacent Alberta.

Groundwater monitoring and aquifer classification 
studies are conducted by the British Columbia Ministry of 
Environment (MoE; http://www.env.gov.bc.ca/wsd/index.
html). Aquifer classification mapping and classification 
is prioritized for regions with high domestic, agricultural 
and commercial water demands, especially where surface 
water supplies are restricted due to dry climate or low relief 
(for example, the Gulf Islands and the Okanagan Valley). 
Aquifers are classified according to their level of devel-
opment and vulnerability to contamination (Berardinucci 
and Ronneseth, 2002; British Columbia Water Resources 
Atlas, 2012). In northeast British Columbia, the aquifers 
that have been delineated and classified to date are located 
in the Dawson Creek and Fort St. John areas. There are 
certainly many more bedrock aquifers throughout the rest 
of northeast British Columbia that have yet to be formally 
delineated because of data scarcity and previous relatively 
low demand. There is likely local and corporate knowledge 
about many of them among drillers and users.

Surface geology maps

The distribution of major geological units in the shallow 
subsurface can be predicted using bedrock geology maps. 
Bedrock geology mapping conducted by the Geological 
Survey of Canada is available for the all of northeast British 
Columbia at 1:250 000 scale (Irish, 1958; Stott and Taylor, 
1968a, b; Taylor, 1972; Thompson, 1975a–c; Stott and Tay-
lor, 1979; Taylor, 1979; Stott et al., 1983; McMechan, 1994; 
Taylor and Stott, 1999) and other regional scales (Cecile 
et al., 2000; McMechan, 2000; Okulitch et al., 2002). This 
mapping is compiled at the provincial scale on the British 
Columbia Ministry of Energy and Mines MapPlace website 
(MapPlace, 2012). The MapPlace compilation was used to 
construct Figure 1. Cretaceous rock units on Figure 1 are 
coloured to reflect their predicted potential to host aquifers.

Stratigraphic studies

Detailed stratigraphic studies on specific formations 
are abundant (for example, Fanti and Catuneanu [2010] for 
the Wapiti Formation, Hay and Plint [2009] for the Dunve-
gan Formation and many others referenced below). These 
studies can be valuable exploration tools as they provide 
descriptions of mappable markers in outcrop and in subsur-
face gamma-ray logs.
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Figure 1. Bedrock geology map compilation of northeast British Columbia. Cretaceous bedrock units are coloured according to their pre-
dicted aquifer characteristics. Coarse clastic formations that can be expected to host aquifers are brighter hues of yellow, orange or green. 
For contrast, dominantly shaly formations that are expected to form aquitards are coloured dull grey or brown. The same colour scheme is 
used for Figure 2 and Table 1. The Montney trend and the Horn River Basin are active regions for shale gas development. The Liard Basin 
and the Cordova Embayment have shale gas potential. These regions overlap many conventional oil and gas plays. Digital geology base 
map by Massey et al. (2005). Inset: oil and gas geographic regions in northeast British Columbia (Adams, 2009).
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Water well logs

Historical demand and exploitation dictates the level 
of knowledge of the aquifer characteristics for a particu-
lar geological formation. The WELLS online searchable 
database for British Columbia (British Columbia Ministry 
of Environment, 2012b), and its linked spatial counterpart, 
the British Columbia Water Resources Atlas (2012), are 
repositories for voluntarily submitted water well informa-
tion, maintained by the British Columbia Ministry of En-
vironment (MoE). These databases host valuable data for 
the Peace River region (including the southern end of the 
Montney trend) from water wells drilled for domestic, agri-
cultural, municipal and industrial use.

Oil and gas exploration logs

At the time of this publication, more than 22 000 oil 
and gas exploration wells have been drilled and logged in 

northeast British Columbia. Exploration well logs include 
a wealth of subsurface geological, geochemical and geo-
physical data and are publicly available after a confidential-
ity period.

HydrosTraTigrapHy oF  
JurassiC and CreTaCeous  
geologiCal FormaTions in norTH-
easT briTisH Columbia

The vast majority of freshwater bedrock aquifer poten-
tial in the oil and gas–producing regions of northeast Brit-
ish Columbia is hosted in Cretaceous coarse clastic units. 
Stott (1975) provides a summary of the development of 
three major Mesozoic clastic sequences, each formed by a 
major transgressive-regressive cycle. The lowest sequence 
includes marine shale of the Jurassic Fernie Formation, 
overlain by coarse clastic sediments of the Jurassic to Low-
er Cretaceous Minnes Group. Erosion preceded deposition 
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Table 1. Table of formations at eight selected gas fields in northeast British Columbia. Locations of selected gas fields are shown in red on 
Figure 1. units occurring at surface or in the shallow subsurface are shown by a blue vertical bar. For reference, the target gas, oil or water 
disposal formations at the various fields are noted with coloured dots and the depth range of the shallowest producing formations are 
noted. Information on the target formations and their depths were determined using AccuMap® and geoSCoUT®. Sources: Stott (1975); 
British Columbia Ministry of Energy and Mines (2012).
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of the second cycle, which includes Lower Cretaceous to 
early Cenomanian marine and nonmarine clastic rocks of 
the Bullhead and Fort St. John groups and the Dunvegan 
Formation. The third sequence includes mainly marine 
strata of the Smokey Group, deposited during major trans-
gressions during the Turonian and Santonian stages of the 
Late Cretaceous, succeeded by mainly nonmarine coarse 
clastic sediments of the Campanian to Maastrichtian Wapiti 
Formation.

At a regional scale, coarse clastic regressive sequences 
(Bullhead Group, Dunvegan and Wapiti formations) can 
be viewed as potential aquifer hosts, and the marine shale 
units (Fort St. John Group, Kaskapau, Puskwaskau and 
Kotaneelee formations) as aquitards or aquicludes. Gen-
eralizations about aquifer characteristics at the formation 
scale, however, are not sufficiently accurate for groundwa-
ter exploration purposes because none of the Cretaceous 
formations is lithologically homogeneous. Within the three 
major, basin-wide regressive-transgressive cycles, many 
minor and spatially constrained cycles occurred. All of the 
coarse clastic formations contain shale members, and all of 
the shale formations contain continuous or lensoid coarse 
clastic members. In addition, fracture enhancement of po-
rosity is seen in both shale and coarse clastic formations, 
producing local aquifers.

Major regional units

FirsT sequenCe: Fernie–minnes

Fernie Formation
The Jurassic Fernie Formation forms a significant re-

gional aquitard (Bachu, 2002) in the Canadian Cordillera. 
It is an important marine shale unit that represents a major 
transgressive phase (Stott, 1975). The measured thickness 
of the Fernie Formation is highly variable due to its reces-
sive character and its deformed nature. It generally does not 
exceed 300 m, but is reported to reach a thickness of 900 m 
in the western Rocky Mountain Foothills (Stott, 1975). The 
Fernie Formation has a limited extent at surface and in the 
shallow subsurface east of the deformed belt, but is present 
at shallow depths at the Murray gas field in the Southern 
Foothills (NTS 093I) and the Elbow Creek field north of the 
Halfway River (Fig. 1).

Minnes Group
The Late Jurassic to Early Cretaceous Minnes Group 

is a regressive sequence overlying the Fernie Formation 
that includes marine and nonmarine sandstone formations 
that may form small discontinuous aquifers. In British Co-
lumbia, the Minnes Group comprises the Monteith, Beattie 
Peaks, Monach, Bickford and Gorman Creek formations. 

The Minnes Group is exposed in the Rocky Mountain 
Foothills as far north as the Halfway River and is up to 
2100 m thick (Stott, 1975). Minnes Group rocks are pre-
sent at surface and in the shallow subsurface at the Brazion, 
Bullmoose, Murray, Burnt River and Sukunka fields of the 
Southern Foothills (NTS 093O, P), and at the Federal field 
and part of the Sikanni field in the Northern Foothills (NTS 
094B and 094G, respectively). Minnes Group formations 
are age-equivalent to the Nikannassin Formation in the 
subsurface of the Peace River and Athabasca River regions.

After deposition of the Minnes Group, the sea retreated 
from the Alberta trough and extensive erosion and bevelling 
of the Fernie and Minnes groups occurred before deposition 
of the succeeding Bullhead Group (Stott, 1975).

seCond sequenCe: bullHead–ForT sT. JoHn–
dunvegan

Bullhead Group
The Bullhead Group was deposited in an alluvial-

deltaic environment from Barremian to early Albian time 
(Stott, 1975). It includes a massive conglomerate of the 
Cadomin Formation and a coal-bearing sandstone of the 
Gething Formation. Both the Cadomin and the Gething 
formations have potential to host aquifers along the Rocky 
Mountain Foothills from the upper Halfway River (NTS 
094B) to the British Columbia–Alberta border south of the 
Wapiti River (NTS 093I). The Bullhead Group correlates 
with the Lower Mannville aquifer of the southern Alberta 
plains (McLean, 1977).

The Cadomin Formation is dominantly a coarse (gravel 
to cobble) nonmarine conglomerate. Much of the Cadomin 
was deposited on a pediment surface (Stott, 1975; McLean, 
1977) as a single thin conglomerate bed, resulting in a 
distinctive contiguous bed that forms an important marker 
throughout the Rocky Mountain Foothills. The Cadomin 
Formation ranges from 30 to 150 m in thickness in British 
Columbia.

The Gething Formation includes conglomerate, sand-
stone, siltstone and mudstone. It is dominantly nonmarine 
but includes marine members (Legun, 1990). It is generally 
coarser in the Peace River area and it thins and grades to 
finer sandstone and mudstone to the northeast. Its maximum 
thickness of 600 m (Stott, 1975) is found in the Southern 
Foothills, where it is an important coal-bearing unit.

The Cadomin and Gething formations are present at 
surface and in the shallow subsurface at the Pocketknife, 
Sikanni, Elbow Creek, Cypress and Federal fields at the 
north end of the Montney trend in the Northern Foothills, 
and at the Butler, Boulder, Brazion, Burnt River, Highhat 
Mountain, Sukunka, Bullmoose West and Murray fields of 
the Southern Foothills.
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Along the east side of the northern Montney trend (for 
example, at the Julienne field (Table 1) the Gething and 
Cadomin formations are deeper and can be gas charged. 
On the plains, the formations of the Bullhead Group are 
too deeply buried to be freshwater exploration targets. The 
Cadomin Formation is a gas producer at the Cutbank field 
south of Swan Lake (NTS 093P) and in western Alberta. 
The age-equivalent Chinkeh Formation in the Liard River 
area is an important gas-producing unit in the Maxham-
ish field. The Gething Formation has been identified as a 
potential hydrocarbon target deep in the subsurface of the 
Kahntah River region, where its good reservoir properties 
are documented by Gingras et al. (2010).

Fort St. John Group
The Fort St. John Group is dominated by shale forma-

tions that record four transgressive events that occurred 
through Albian time (Stott, 1975). Regionally, much of the 
Fort St. John Group correlates with the Wilrich, Harmon 
and Shaftesbury aquitards of Alberta (Jones, 1966; Bachu, 
2002). Other parts of the group include sandstone and silt-
stone formations that correlate with the Upper Mannville 
and Paddy aquifers.

Three aquifers hosted by rocks of the undivided Fort 
St. John Group in the Peace River valley (aquifers 765, 928 
and 934) are delineated in the British Columbia Water Atlas 
and are described in detail by Lowen (2011). It is not clear 
in every case whether the water is produced from fractured 
shale, from sandstone formations or from both. Mathews 
(1950) and Cowen (1998) both noted that some shale units 
of the Fort St. John Group in the Peace River block produce 
sufficient water yields for commercial or agricultural use, 
and that water quality from shale beds tends to be poor due 
to high levels of dissolved salts and low levels of infiltration 
of fresh meteoric water. Available data on yields and water 
quality from sandstone units in the Fort St. John Group 
are mainly from the Peace River block (Mathews, 1950; 
Ronneseth, 1983; Cowen, 1998; Lowen, 2011) and are dis-
cussed in more detail below.

The Fort St. John Group lies above the Bullhead Group 
and below the Dunvegan Formation throughout most of 
northeast British Columbia. Where exposure is adequate, 
intervening coarse clastic units document regressive events 
within the dominantly shaly Fort St. John Group and allow 
for its subdivision into many formations. Formation nomen-
clature varies across northeastern British Columbia (Irish, 
1958; Stott and Taylor, 1968a, b; Taylor, 1972; Stott and 
Taylor, 1979; Taylor, 1979; Stott et al., 1983; McMechan, 
1994; Taylor and Stott, 1999; Cecile et al., 2000). Stott 
(1975) concisely illustrated the variation in nomenclature 
of the Fort St. John Group (and other Jura-Cretaceous for-
mations) across northeast British Columbia with a series 
of formation tables and schematic cross-sections. One of 
these cross-sections is reproduced here (Fig. 2); it crosses 

northeast British Columbia from northwest (Liard River 
area) to southeast (Athabasca River in northeast Alberta). 
The image is coloured to match Figure 1 and Table 1 of this 
report. A helpful table of Fort St. John Group formations 
across northeast British Columbia and Alberta is provided 
by Leckie et al. (1994). Where outcrop is scarce or where 
shale units cannot be confidently distinguished, the undi-
vided Fort St. John Group is mapped as a single unit (Fig. 
1, 2, Table 1; Thompson, 1975a–c). This can cause border 
inconsistencies on large compilation maps (for example, 
Fig. 1; Okulitch et al., 2002).

Dunvegan Formation
The Dunvegan Formation is a widespread coarse 

clastic unit in northeastern British Columbia (Fig. 1) and 
northwestern Alberta, where it is the host for many bedrock 
aquifers (Mathews, 1950; Jones, 1966; Ronneseth, 1983; 
Cowen, 1998). The Dunvegan Formation is the most used 
bedrock aquifer host because it underlies the relatively pop-
ulated Peace River valley and has supplied water demands 
from agriculture, communities and conventional oil and gas 
operations. Lowen (2011) delineated 12 aquifers hosted by 
the Dunvegan Formation in the Peace River valley. In that 
report, several hundreds of well records were examined and 
an average well yield of 0.6 L/s (9.5 gpm) was determined 
for Dunvegan-hosted wells. Lowen noted that the Dunve-
gan Formation is more productive in general than fractured 
shale units, and that in some locations the primary porosity 
is further enhanced by fracture porosity. One such enhanced 
well near Chetwynd can produce up to 14.3 L/s (227 gpm).

The Dunvegan Formation was deposited in Cenoma-
nian time under terrestrial and shallow coastal marine 
conditions, including coastal plain, delta, lacustrine and 
fluvial environments. In British Columbia, the dominant 
lithology of the Dunvegan Formation is sandstone, except 
in the Liard River area, where it is commonly conglom-
eratic. The Dunvegan Formation ranges in thickness from 
approximately 170 m in the north along the Yukon border 
to approximately 270 m in the Southern Foothills between 
the Peace and Pine rivers (Stott, 1975). Mathews (1950) 
noted that the water quality from Dunvegan aquifers in the 
Peace River valley is highly variable, and that it generally 
deteriorates with depth. Water from deeper wells can be 
too saline for domestic or livestock use. Cowen (1998) ob-
served that in the Peace River valley, the Dunvegan Forma-
tion hosts aquifers that yield satisfactory quality and quan-
tities of groundwater; however, the productive zones are 
not laterally extensive and are commonly greatly vertically 
separated. This is likely to be the case with the Dunvegan 
Formation outside the Peace River valley as well, given the 
variety of depositional environments (i.e., fluvial channel, 
paleovalley, delta fronts, shallow coastal plains and minor 
marine transgressions) represented by the unit. This lateral 
and vertical variability is well described and illustrated by 
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Bhattacharya (1994) and Hay and Plint (2009). This tex-
tural heterogeneity will likely make the Dunvegan Forma-
tion a difficult groundwater exploration target, especially 
in new areas where previous data and drilling experience 
are limited. Yields are likely better and more consistent in 
the Dunvegan Formation of the Liard and western Horn 
River basins, where it was deposited chiefly in alluvial fan 
environments and is more uniformly conglomeratic (Stott, 
1975; Bhattacharya, 1994).

Hay and Plint (2009) provide descriptions and subsur-
face geophysical signatures of distinct Dunvegan Forma-
tion allomembers in Alberta and the Peace River area of 
British Columbia. These may prove to be useful for explo-
ration elsewhere in northeast British Columbia.

The Dunvegan Formation is at or near surface over a 
vast area of northeast British Columbia (Fig. 1), including 
much of the Liard Basin between Toad River and High-
way 77 (at the Maxhamish and Windflower fields), along 
the east side of the Horn River Basin to Kotcho Lake (for 
example, the Ootla, Gote, Cabin, Kotcho Lake, Tooga and 
Desan fields), at the oil and gas fields in much of the Si-
kanni Chief, Beatton and Blueberry and Doig watersheds, 
along the northeast flank of the Montney trend north of Fort 
St. John (from the Fort Wilder to Julienne Creek North) 
and along the Pine River (e.g., Groundbirch, Sunset Prairie, 
Septimus, Saturn, Tower Lake and Parkland fields).

In the Deep Basin region, the Dunvegan Formation is 
not prospective for fresh water; it is buried to depths greater 
than 600 m and is locally gas charged (Table 1).

THird sequenCe: smoKy–KoTaneelee–wapiTi

Smoky Group and Kotaneelee Formation
The Late Cretaceous Smoky Group represents mainly 

marine deposition that began the third major transgressive-
regressive sequence in northeast British Columbia (Stott, 
1975). Potential aquifer host formations locally occur with-
in these marine shale-dominated sequences, particularly in 
the Deep Basin region (Fig. 1 inset).

The Smoky Group ranges in age from late Cenomanian 
to Campanian and is widely exposed at surface in northeast 
British Columbia. The Smoky Group includes two main 
marine shale units: the Turonian to Coniacian Kaskapau 
Formation and the Santonian Puskwaskau Formation, inter-
rupted by intertidal and shallow marine sandstones (Stott, 
1975), including the Cardium, Pouce Coupe, Doe Creek 
and Marshybank formations. In the Fort St. John and Liard 
areas, the Kotaneelee Formation (approximately equivalent 
to the Puskwaskau) marine shale is deposited directly on 
the Dunvegan Formation (Fig. 2); there, the first marine 
shale (Kaskapau Formation) and the intervening sandstone 
units are not preserved. Formations of the Smoky Group 
and Kotaneelee Formation are described in more detailed 
below in the Discussion.
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Wapiti Formation
The youngest bedrock unit exposed at surface in north-

east British Columbia is the Wapiti Formation. The Wapiti 
Formation is known to host aquifers in the Clayhurst and 
Kelly Lake (aquifers 444 and 621; British Columbia Water 
Resources Atlas, 2012) areas in British Columbia (Lowen, 
2011) and in the Peace River region of Alberta (Jones, 
1966). It has potential to host aquifers where it occurs else-
where, including the Tupper Creek, Cutbank, Kelly, Noel, 
Hiding Creek and Noel gas fields in the Deep Basin, and in 
parts of the Maxhamish field in the Liard Basin.

Lowen (2011) reports generally moderate yields (up to 
3.1 L/s or 50 gpm) in the Clayhurst and Kelly Lake aqui-
fers. In the Mount Robson–Wapiti plains area of Alberta, 
Barnes (1977) noted a decrease in well yields from the 
Wapiti Formation in a southwest direction from the plains 
toward the disturbed belt, possibly due to the destruction 
of intergranular porosity by increased low-grade metamor-
phism associated with regional tectonism. Jones (1966) 
reported both intergranular and fracture permeability in 
Wapiti Formation–hosted aquifers in the Peace River Dis-
trict of Alberta, and water yields ranging from 0.3–6.3 L/s 
(5–100 gpm). Jones observed irregular aquifer distributions 
and abrupt variations in yields laterally and vertically in 
individual sandstone units within the Wapiti in the Peace 
River area of Alberta, possibly because porous zones are 
not planar, but are lens-shaped beds and channel deposits. 
Both Barnes (1977) and Lowen (2011) reported spot high 
iron concentrations in the water from Wapiti Formation 
water wells.

The Wapiti Formation is exposed at surface in the 
Dawson Creek (NTS 093P) and Monkman Pass (NTS 093I) 
map areas, where it ranges from 0 to 450 m in thickness 
and consists of continentally derived sandstone, shale and 
coal (Stott, 1975). In the Liard Basin (NTS 094N, O) on 
the British Columbia–Yukon border, the Wapiti is poorly 
exposed at surface near Maxhamish Lake and west of the 
Beaver River field (Stott and Taylor, 1968a). There, only 
the lower part of the formation is preserved, where it con-
sists of coarse-grained conglomeratic sandstone. The top of 
the Wapiti Formation is not preserved anywhere in British 
Columbia.

The Wapiti Formation represents a major Campanian 
to Maastrichtian regression that deposited a nonmarine 
clastic wedge, following marine shale sedimentation of the 
Puswaskau Formation in the southern plains and the Kota-
neelee Formation in the Liard area (Stott, 1975). The work 
of Fanti and Catuneanu (2010) in the Wapiti Formation of 
west-central Alberta and into the Deep Basin of northeast 
British Columbia identify and describe a fluvial sequence, 
basal channel-fill deposits that grade into floodplain depos-
its, channelized sediments and extensive overbank facies. 
Fanti and Catuneanu (2009) provide detailed descriptions of 
mappable markers in outcrop and in subsurface gamma-ray 

logs for the Wapiti Formation in the Deep Basin region and 
adjacent Alberta.

disCussion: loCal variabiliTy oF 
sHallow bedroCK uniTs by oil 
and gas region

Local variability within the above-described major 
regional units is concisely outlined and illustrated by Stott 
(1975). In some parts of northeast British Columbia, local 
formations or members have the potential to be important 
hydrostratigraphic units (whether as aquifers or aquitards). 
A map of the oil and gas geographic regions of northeast 
British Columbia appears as an inset on Figure 1.

Deep Basin area

This region includes areas east of the deformation 
front to the Alberta border and south of Dawson Creek 
and Highway 97. There, the Upper Cretaceous Kaskapau, 
Marshybank, Muskiki, Cardium, Puskwaskau and Wapiti 
formations (Stott and Taylor, 1979, McMechan, 1994) are 
present at surface and shallow subsurface. The stratigraphy 
of the Noel gas field (Table 1) is representative of much of 
the region.

KasKapau FormaTion

The Kaskapau Formation is dominantly a marine mud-
stone unit that overlies the Dunvegan Formation in much of 
the Dawson Creek (NTS 093P) and Monkman Pass (NTS 
093I) map areas. It forms a regional aquitard unit (Hitchon, 
1990; Bachu, 2002) but grades laterally on its eastern and 
western borders into shallow marine or deltaic sandstones 
that form local aquifers. These subunits locally include the 
2 m thick Doe Creek sandstone (Mathews, 1950; Jones, 
1966; Plint and Kreitner, 2007) and the 9 m thick Pouce 
Coupe sandstone (Mathews, 1950; Canadian Geoscience 
Knowledge Network, 2012) near the Alberta border south 
of Dawson Creek, and Dickbusch, Trapper, Tuskoola, 
Wartenbe and Mt. Robert sandstones in the Tumbler Ridge 
area of the Southern Foothills (McMechan, 1994; Varban 
and Plint, 2005). These western sandstone tongues repre-
sent the western shoreface facies of the basin and are 15–50 
m thick (Varban and Plint, 2005).

The Kaskapau Formation ranges in thickness from 
300 to 550 m along the British Columbia–Alberta border 
to a maximum of approximately 670 m at the deformation 
front (Varban and Plint, 2005). It ranges in age from Late 
Cenomanian to Middle Turonian. It correlates with the Sec-
ond White Speckled Shale unit of the plains of Alberta and 
Saskatchewan (Leckie et al., 1994).
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Mathews (1950) noted that wells and springs in the 
Pouce Coupe sandstone member of the Kaskapau Forma-
tion yield good-quality water at the Doe River and Seven 
Mile Corner locations north of Dawson Creek. Lowen 
(2004, 2011) has documented the Groundbirch-Progress 
aquifer (aquifer 591; British Columbia Water Resources 
Atlas, 2012) as being hosted by the Kaskapau Formation 
(unspecified member) and reports variable productivity 
(from 0 to 3.15 L/s [50 gpm]) and variable water quality 
over 99 wells. The Dawson Creek–Arras aquifer (aquifer 
593; British Columbia Water Resources Atlas, 2012) is 
hosted in the Kaskapau (unspecified member) and the over-
lying Cardium Formation. Lowen (2011) reported a median 
well yield of 0.32 L/s (5 gpm) from aquifer 593, with no 
reported quality issues.

Cardium FormaTion

The Cardium Formation hosts known aquifers in the 
Peace River valley near the British Columbia–Alberta bor-
der (Mathews, 1950; Jones, 1966; Hitchon, 1990). It lies 
between black marine shale of the Kaskapau and Muskiki 
formations and is exposed at surface in escarpments from 
south of Dawson Creek to Tumbler Ridge (McMechan, 
1994). Mathews (1950) reported production of good-
quality water from the Cardium Formation at three loca-
tions between Dawson Creek and Tomslake. Lowen (2011) 
identified the Cardium Formation as the host for part of the 
Dawson Creek–Arras aquifer (aquifer 593; British Colum-
bia Water Resources Atlas, 2012).

The Cardium Formation is an intertidal shallow marine 
unit that is dominated by fine-grained marine sandstone 
and includes lesser mudstone and conglomerate (Stott, 
1975; McMechan, 1994). It can be traced in subsurface 
logs through the southeast quadrant of the Dawson Creek 
map area (NTS 093P). In British Columbia, the Cardium 
Formation is approximately 20 m thick near the Alberta 
border and thickens to the southwest to a maximum of ap-
proximately 100 m along the deformation front (Canadian 
Geoscience Knowledge Network, 2012). Details of the 
internal stratigraphy, correlations, distribution of important 
conglomeratic members and their subsurface wireline log 
signatures are described by Hart and Plint (2003).

The Cardium Formation is an important oil-producing 
unit in Alberta, notably at the Pembina field (Krause et al., 
1994).

musKiKi FormaTion

The Late Cretaceous Muskiki Formation is dominantly 
a rusty-weathering pyritic shale unit (Leckie et al., 1994) 
and is likely to behave as an aquitard. It is exposed in river 
escarpments from southwest of Dawson Creek, continuing 
southeast to the British Columbia–Alberta border (NTS 
093O, P; Stott and Taylor, 1979; McMechan, 1994). It 
lies over the Cardium Formation sandstone and under the 

Marshybank Formation. The Muskiki Formation is gen-
erally less than 95 m thick and thins toward the Southern 
Foothills (Plint, 1990).

marsHybanK FormaTion

In British Columbia, the Marshybank Formation 
consists of basal marine sandstone overlain by nonmarine 
strata and may host aquifers. It has a maximum thickness of 
approximately 50 m and is exposed southwest of Dawson 
Creek, continuing southeast to the Alberta border (Plint, 
1990; McMechan, 1994). It overlies the Muskiki Forma-
tion.

badHearT FormaTion

The Badheart Formation is a medium- to coarse-
grained marine sandstone unit of Coniacian age (Late Cre-
taceous), which may host aquifers in the Peace River region 
of Alberta (Jones, 1966). In British Columbia, the distribu-
tion of the Badheart Formation is confined to the northeast 
corner of the Monkman Pass map area (NTS 093I), where 
it underlies the Wapiti Formation (Stott and Taylor, 1979). 
The Badheart Formation in British Columbia is a few me-
tres thick and is a potential aquifer host in the southernmost 
Deep Basin and Southern Foothills.

pusKwasKau FormaTion

The Puskwaskau Formation underlies the Wapiti For-
mation and is dominantly a shaly unit that is expected to 
behave generally as an aquitard. It is Santonian in age and 
occurs in the southeast quadrant of the Dawson Creek map 
area (NTS 093O) and the northeastern corner of the Monk-
man Pass map area (NTS 093I). It is also exposed north of 
the Peace River in the Fort St. John region. Hu and Plint 
(2009) detail the stratigraphy of the Puskwaskau Formation 
and describe subsurface log signatures of allomembers. The 
formation ranges from <70 to >340 m thick. Silty and sandy 
layers occur within the 14 allomembers, which may have 
potential as thin, localized, laterally limited aquifers.

An aquifer south of Pouce Coupe (aquifer 622; Brit-
ish Columbia Water Resources Atlas, 2012) is identified 
by Lowen (2011) as being hosted by the Puskwaskau For-
mation. This aquifer is near surface at the Swan Lake gas 
field. The Puskwaskau Formation there includes dark grey 
shale, calcareous shale and siltstone (McMechan, 1994). 
Lowen (2011) notes a wide variety of hydraulic responses 
across this aquifer, but with generally moderate well yields 
between 0.06 and 6.31 L/s (1–100 gpm), and averaging 
0.95 L/s (15 gpm). Hard water was reported in some well 
records from this aquifer.
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Southern Foothills

This region includes areas along and west of the defor-
mation front and south of Peace Reach (Fig. 1, inset). The 
stratigraphy of the Sukunka field (Table 1) is representative 
of much of the region. Rock units exposed at the surface 
include the Minnes Group, the Gething and Cadomin for-
mations of the Bullhead Group, several local formations 
of the Fort St. John Group and the Dunvegan Formation. 
These units are present at the surface and shallow subsur-
face at the following oil and gas fields: Stone Creek, Com-
motion, Highhat Mountain, Boulder, Brazion, Burnt River 
Sukunka, Gwillim, Bullmoose, Wolverine, Murray, Grizzly 
North, Grizzly South and Red Deer.

Local units of the Fort St. John Group are described 
below.

moosebar FormaTion

The Moosebar Formation overlies the Bullhead Group 
and consists of dark grey sideritic marine shale (McMechan, 
1994). It is equivalent to the Wilrich aquitard in the subsur-
face of the Peace River plains and is part of the Garbutt 
Formation of the Liard region. The Moosebar Formation is 
approximately 289 m thick near Hudson’s Hope and thins 
towards the southeast to 43 m at the British Columbia–Al-
berta border (Stott, 1975).

gaTes FormaTion

The Gates Formation is a coarse clastic unit. Lowen 
(2011) delineates an aquifer (aquifer 441; British Columbia 
Ministry of Environment, 2012b) hosted by the Gates For-
mation at Lynx Creek, northeast of Hudson’s Hope. Based 
on 16 wells, the average yield from the Lynx Creek aquifer 
is 0.63 L/s (10 gpm).

The Gates Formation lies between the marine shales 
of the Moosebar and Hasler formations. It was deposited 
in alluvial-deltaic environments (Stott, 1975) and includes 
sandstone, shale, coal, siltstone and mudstone (McMechan, 
1994). It is 20 m thick near Hudson’s Hope and thickens 
towards the southeast to 263 m approaching the British Co-
lumbia–Alberta border (Canadian Geoscience Knowledge 
Network, 2012). The Gates Formation is time equivalent 
to the Scatter Formation of the Liard region. Wadsworth et 
al. (2003) demonstrated methods for high-resolution strati-
graphic correlation of facies in the Gates Formation using 
available wireline logs and subsurface cores.

sHaFTesbury FormaTion and equivalenTs

A single unit, the dominantly shaly Shaftesbury For-
mation (Stott and Taylor, 1979), represents the entire Al-
bian stage in the Monkman Pass map area (NTS 093I). 
Regionally, the Shaftesbury Formation is an important 
aquitard (Bachu, 2002). To the north and west, regressive 
episodes produced tongues of coarse clastic sedimentary 

strata within the shale. Stott et al. (1983) and McMechan 
(1994) distinguish five formations (Hulcross, Boulder 
Creek, Hasler, Goodrich and Cruiser) within the Albian sec-
tion. Of these formations, the coarse clastic Boulder Creek 
and Goodrich formations may host aquifers.

boulder CreeK FormaTion

The Boulder Creek Formation has potential to host 
aquifers. It is a well-sorted marine sandstone up to 280 m 
thick and gradationally overlies the Hulcross shale (Fig. 2). 
The Boulder Creek Formation correlates with the Cadotte 
member of the Peace River plains and the upper part of the 
Scatter member of the Liard area (Stott, 1975).

goodriCH FormaTion

The Goodrich Formation is composed of sandstone 
deposited in near-shore and delta-front environments and 
represents a potential aquifer. It overlies the Hasler shale 
(Table 1, Fig. 2) and is up to 390 m thick. The Goodrich 
Formation correlates with the Sikanni sandstone unit north 
of the Peace River (Stott, 1975).

HulCross, Hasler and Cruiser FormaTions

The Hulcross, Hasler and Cruiser formations are all ma-
rine shale that can be generally expected to behave as aqui-
tards. The Hulcross overlies the Gates sandstone and ranges 
from 0 to 135 m thick (Canadian Geoscience Knowledge 
Network, 2012). It is correlative with the Harmon member 
in the subsurface of the Peace River plains, and is part of 
the Scatter Formation in the Liard region (Stott, 1975). The 
Hasler Formation shale lies on the Boulder Creek Forma-
tion and is 250–265 m thick. It is equivalent to the Lepine 
Formation in the Liard area. The Cruiser Formation shale 
overlies the Goodrich sandstone, is 105–230 m thick (Cana-
dian Geoscience Knowledge Network, 2012) and is equiva-
lent to the Sully Formation of the Fort St. John Group north 
of Peace River. An aquifer in the Chetwynd area (aquifer 
627; British Columbia Ministry of Environment, 2012b) is 
hosted by the Cruiser Formation in fractured shale. Lowen 
(2011) reports an average well yield of 1 L/s (16 gpm) from 
this aquifer, with no documented water quality concerns.

Fort St. John and Fort Nelson/Northern Plains 
regions

Over much of the plains regions of northeast British 
Columbia, the Dunvegan Formation and formations of 
the Fort St. John Group are exposed at the surface. Strati-
graphic columns for the Gunnell Creek and Monias fields 
(Table 1) represent the shallow bedrock geology for parts of 
these regions. The stratigraphy at the Gunnell Creek field is 
representative of much the eastern side of the Horn River 
Basin and the Cordova Embayment. The stratigraphy at the 
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Monias field is representative of the northeastern margin of 
the Montney trend. At some wells in the Monias field, the 
sandy Sikanni Formation can be distinguished in the shal-
low subsurface within the dominantly shaly Fort St. John 
Group.

siKanni FormaTion

The Sikanni Formation is a sandstone unit within the 
upper Fort St. John Group that has potential to host aqui-
fers along the part of the Montney trend north of the Peace 
River. The Sikanni Formation was deposited in near-shore 
to delta-front environments in the late Albian. It is up to 
300 m thick, and thins and shales out to the east under the 
plains. It is equivalent to the Goodrich Formation sandstone 
south of the Peace River (Stott, 1975). Webb et al. (2003) 
provide detailed descriptions of mappable markers in sub-
surface wireline logs for the upper part of the Fort St. John 
Group from the Peace River to the Liard area.

Northern Foothills

The surface geology of the Northern Foothills is repre-
sented on Figure 2 by stratigraphic columns for the Clarke 
Lake field in the southern Horn River Basin and the Julienne 
field in the northern Montney trend. The Dunvegan Forma-
tion and Fort St. John Group are the important surface and 
shallow subsurface units. In much of this area, the Fort St. 
John Group is mapped as an undivided unit; however, along 
the eastern edge of the Northern Foothills from the Halfway 
River to the Liard River, the sandy Sikanni Formation is 
distinguishable (Stott and Taylor, 1968a, b; Taylor, 1979; 
Taylor and Stott, 1999). The Sikanni Formation has poten-
tial to host aquifers. It is described above in the ‘Fort St. 
John and Fort Nelson/Northern Plains’ section above. The 
Sikanni Formation is present at surface and shallow sub-
surface in the Clarke Lake area (Evie Bank, Roger, Clarke 
Lake, Klua, Hoffard and Milo fields), near Trutch and along 
the Prophet River (Adsett, Bougie, Trutch, Caribou and 
Green Creek fields), and along the northwest edge of the 
Montney trend (at the Lily Lake, Cypress, Chowade, Dai-
ber, Graham, Butler, Farrell Creek West and Altares fields).

Liard Basin and Fold Belt

Shallow bedrock stratigraphy varies considerably 
across the Liard Basin as the geological structure becomes 
increasingly complex to the west. On the eastern edge of 
the Liard Basin, the shallow stratigraphy is much like the 
plains, as represented by the stratigraphic column for the 
Maxhamish field (Table 1), with near-horizontal strata rang-
ing from the latest Cretaceous Wapiti Formation down to 
the Albian Lepine member of the Fort St. John Group (Fig. 
1, 2). In the Liard River region, the Dunvegan Formation 

was deposited in alluvial fan environments (Stott, 1975; 
Bhattacharya, 1994) and contains more conglomerate 
than it does farther south, which may prove to increase its 
prospectivity as an aquifer. To the west, increasingly older 
strata are brought to surface along a number of steep north-
striking faults (Taylor and Stott, 1999; Walsh, 2004). At 
the Beaver River field, the youngest surface formations are 
Lower Cretaceous Lepine, Scatter and Garbutt formations. 
The oldest is the Permian Fantasque Formation (Table 1), 
which is exposed in an anticline (Taylor and Stott, 1999).

FanTasque FormaTion

The Permian Fantasque Formation is a bedded chert up 
to 55 m thick (Canadian Geoscience Knowledge Network, 
2012). It is exposed at the surface in the centre of the anti-
cline that underlies the Beaver River gas field. Its potential 
to host aquifers is unknown.

buCKingHorse FormaTion: garbuTT, sCaTTer 
and lepine FormaTions

The upper part of the Fort St. John Group in the Liard 
River area includes the Lepine, Scatter, and Garbutt forma-
tions, which are sometimes grouped together as the Aptian 
to Albian Buckinghorse Formation. The Scatter Forma-
tion is composed of deltaic sandstone and has potential to 
host aquifers. It is approximately equivalent to the Gates 
and Boulder Creek sandstones (Stott, 1975). Its thickness 
ranges from 60 to 375 m (Canadian Geoscience Knowledge 
Network, 2012).The Garbutt and Lepine formations are 
dominated by marine shale and correlate with the Moosebar 
and Hasler shales, respectively. Leckie and Potocki (1998) 
describe the stratigraphy of the Scatter and Garbutt forma-
tions in the Liard Basin and demonstrate how they can be 
distinguished on wireline logs.

The Garbutt Formation has been evaluated for shale 
gas potential (Ferri et al., 2011), but at the date of this pub-
lication, no shale gas has been produced from this unit.

KoTaneelee FormaTion

The Late Cretaceous Kotaneelee Formation is exposed 
on both sides of the Liard River in the Liard Basin near the 
British Columbia–Yukon border. The Kotaneelee Forma-
tion is dominated by marine shale and is expected to gener-
ally behave as an aquitard. It is 152–305 m thick (Canadian 
Geoscience Knowledge Network, 2012) and is equivalent 
to the Puskwaskau Formation of the Deep Basin and east-
ern Fort St. John regions (Stott, 1975).
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ConClusions

• Freshwater bedrock aquifers are mainly hosted by 
Cretaceous strata in northeast British Columbia. The 
most important prospective regional bedrock units for 
freshwater aquifers are the coarse clastic Wapiti and 
Dunvegan formations. Other less extensive units lo-
cally host significant local bedrock aquifers.

• In the Peace River valley, bedrock aquifers have pro-
vided fresh water to meet domestic, agricultural and 
commercial demands. Some of these aquifers have 
been delineated and studied. Certainly many more aq-
uifers exist in northeast British Columbia that have not 
yet been formally identified or delineated because of 
low data density.

• Bedrock aquifer yields in the Peace River area are gen-
erally much lower than those of surficial aquifers. Most 
bedrock aquifer yields are not sufficient to supply the 
volumes required for major industrial use, but can be 
adequate for domestic needs. Fracture porosity, how-
ever, can substantially enhance yields in both coarse 
clastic and shale units. Bedrock units with significant 
yields may yet be discovered outside the Peace River 
valley as shale gas development continues.

• The Kotaneelee, Puskwaskau and Kaskapau forma-
tions and the majority of the Fort St. John Group are 
mainly shale units that can be expected to behave as 
regional aquitards; however, minor coarse clastic units 
within these formations may host small aquifers local-
ly. Fractured shale units are known to host freshwater 
aquifers in the Peace River valley and may be present 
in other regions.

• Water quality is generally better (lower in dissolved 
solids) in the Rocky Mountain Foothills and poorer 
on the plains. This characterization is supported in the 
Peace River valley, where significant data exist and it 
is reasonable to expect that it will hold true throughout 
northeast British Columbia.

• The depth to the base of fresh groundwater is unknown 
almost everywhere in northeast British Columbia be-
cause of the data gap between the base of water wells 
(generally less than 150 m deep) and top of logged and 
sampled oil and gas exploration wells (generally great-
er than 300 m deep). This data gap can be addressed by 
obtaining new lithological and geochemical data from 
the upper few hundred metres in a representative num-
ber of exploration wells in oil and gas fields. Explora-
tion activity occurring in previously undeveloped areas 
will provide opportunities to obtain new lithological 
and aqueous geochemistry data where information has 
previously been absent or limited.

• Detailed stratigraphic studies have been published on 
many of the bedrock formations that are prospective 
for fresh groundwater. These can be valuable explo-
ration tools; they provide descriptions of mappable 
outcrop and subsurface log markers in outcrop and in 
subsurface gamma-ray logs.
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