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Summary
Water and gas chemistry of the Cretaceous shale 

aquifers and gas reservoirs of the Pembina Hills area in 
southwest Manitoba were analyzed. Chemistry and stable 
isotope results indicate that accumulations of biogenic 
natural gas are present in this area. Stratigraphic extrapo-
lations of the water-well and gas-well data suggest that 
the Assiniboine Member of the Favel Formation and the 
Boyne Member of the Carlile Formation are the horizons 
with known gas accumulations.

Introduction
Shallow shale gas occurrences have been recorded 

in Manitoba for more than a century (Bamburak, 2008), 
but the understanding of, and geoscientific data on, this 
potential economic resource is limited. The goal of the 
Shallow Unconventional Shale Gas Project is to summa-
rize the shallow shale gas prospects for Manitoba, char-
acterize the gas, define the area of the gas occurrence and 
identify intervals within prospective formations with the 
greatest potential to contain gas. The project, which is 
in the second year of a multi-year investigation, aims to 
address some of these issues.

The project is targeting most of the Cretaceous for-
mations in southwest Manitoba, particularly the Ashville, 
Favel, Carlile and Pierre Shale formations. Nicolas (2008) 
provided the project introduction and details, gas shows, 
and modern gas exploration in Manitoba; Bamburak 
(2008) provided a historical account of gas exploration in 
Manitoba. Nicolas and Bamburak (GS-17, this volume) 
discuss organic geochemistry and mineralogy results 
from the first suite of samples and the highlights from the 
collection of the second suite of samples. This paper dis-
cusses the gas reservoirs and shale aquifer chemistry to 
help characterize this gas-bearing system.

Fieldwork
Sampling of 15 wells (Figure GS-18-1; Table  

GS-18-1) in the Pembina Hills region was carried out in 
September and October 2008, with follow-up sampling 
at selected sites in June 2009. Selected domestic water 
wells were targeted for sampling based on their total 
depth, aquifer lithology (only shale aquifers were cho-
sen) and location. Location was based on proximity to 

areas of reported gas shows and 
geographic distribution through-
out the Pembina Hills region to 
cover the widest area possible. In 
addition, all the wells are located on the Second Prairie 
Level, on top of the Manitoba Escarpment, because most 
of the Cretaceous shale sequences terminate at or near the 
escarpment edge. The GWDrill database (Manitoba Water 
Stewardship, 2007), a water-well database of more than 
80 000 sites maintained by the Water Resources Branch 
of Manitoba Water Stewardship, was used to identify 
potential well sites based on lithology and total depth. 
The deeper wells were seen as more favourable in terms 
of sampling deeper formations with higher gas-produc-
ing potential. Finding wells deep enough was challeng-
ing, since most deep water wells in the database had been 
abandoned due to poor water quality. Recently, drilling 
shallower wells in the area by water-well drillers has 
resulted in a better understanding of aquifer depths. These 
shallower wells are commonly producing from Quater-
nary sand and gravel aquifers. In the process of searching 
for water wells to sample, two old, capped, gas explora-
tion wells from 1906 and 1933 were discovered and added 
to the sample suite.

A total of 2 gas wells and 13 water wells was selected 
and sampled. Water samples were analyzed for dissolved 
solids, alkalinity, sulphates and dissolved gases at the 
Geological Survey of Canada in Calgary (GSC-Calgary). 
Free-gas samples were collected from the gas wells and 
from effervescent water wells (i.e., flowing water with 
abundant bubbles). These free-gas samples were analyzed 
for gas composition, and samples with high methane val-
ues were also analyzed for carbon- and hydrogen-stable 
isotope compositions (δ13C and δD).

Sampling methodology
Most water samples were taken from an exterior 

hose, with the exception of one well where the sample 
was taken from an indoor tap. All but one of the water 
wells were connected in the well to a pump system for 
domestic use; the one well not connected was an old 
hand-dug well near Notre Dame de Lourdes where gas 
can be seen escaping from the surface of the water in the 
well (Figure GS-18-2). The gas from this well can be col-
lected and is occasionally flared on site. The water was 

1 Geological Survey of Canada, 3303–33rd Street NW, Calgary, Alberta T2L 2A7



176 Manitoba Geological Survey

Figure GS-18-1: Digital elevation map showing water and gas sampling sites in the Pembina Hills region; Cretaceous gas 
shows and petroleum exploration wells are also shown.
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set up to run through a hose connected to a flow-through 
cell equipped with three probes to measure conductivity 
(Eh), acidity (pH) and temperature (Figure GS-18-3). The 
water was left to run for 10–15 minutes to ensure that fresh 
groundwater was being sampled and the sample was col-
lected after the conductivity and temperature stabilized. 
The water was run through a filter to collect samples for 
dissolved-solids, alkalinity and sulphate analysis, but was 
bypassed by the filter to collect samples for dissolved-
gas, free-gas and isotope analysis. Free-gas samples from 
effervescent water were collected in glass and plastic 
bottles that were filled with the effervescent well water, 

which formed a gas headspace in the closed bottles. The 
samples were then stored and shipped upside-down to 
prevent gas loss through the bottle cap (Figure GS-18-4). 
The same procedure was used to collect free-gas samples 
from the gas wells, but instead of using water from the dry 
wells, distilled water in the bottles was displaced as the 
gas headspace increased.

The samples were packed on ice and sent to the  
GSC-Calgary laboratory where the water samples were 
treated to stabilize before analysis. Alkalinity was mea-
sured using an Orion 960 Autotitrator with H2SO4(aq) and 
ROSS™ pH electrode. Anions were measured using 
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Figure GS-18-2: Old hand-dug well near 
Notre Dame de Lourdes at SE-30-7-8-W1 
with visible bubbles at the water-table surface; 
pipe on the left side captures gas and is flared  
occasionally for short periods of time. Well is 
approximately 1 m in diameter.

Figure GS-18-3: Water sampling set-up show-
ing flow-through cell with probes; photo taken 
at sampling site in SW-6-6-8-W1.

ion chromatography and cations by inductively coupled 
plasma–emission spectrometry.

Gas chemistry

Dissolved and free-gas compositions
Dissolved-gas compositions were measured for all 

collected water and gas samples, and free-gas composi-
tions and stable isotopes were measured for the gas wells 
and effervescent water wells by gas chromatography. 
Tables GS-18-2 and -3 list the results for the dissolved-gas 
compositions and free-gas compositions, respectively.

A total of five well samples yielded high methane 
content and dry gas indices of 0.99–1.00 (water wells at 
SE-30-7-8-W1, NW-18-2-9-W1 and SE-22-2-9-W1, and 
gas wells at SE-23-2-9-W1 and SW-23-2-9-W1). A gas 

index higher than 0.95 is considered biogenic in origin; 
therefore, indices approaching 1.00, as in these results, 
strongly indicate an entirely biogenic source for the gas. 
In contrast, the wells with low methane are high in nitro-
gen. The water-well sample from SW-23-2-7-W1 was 
the only effervescent water sample lacking high methane 
content, but has very high nitrogen content.

Stable isotopes
Stable isotopes of gas samples have δ13C values from 

–75 to –85‰, with δD values averaging –270‰ free-gas 
samples (Table GS-18-3). These values are characteristic 
of biogenic gas (Whiticar, 1999), and values of >0.99 for 
these samples are consistent with the very high dry-gas 
index.
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Water chemistry
Water-sample compositions range from fresh to 

brackish and from Ca-HCO3 to Na-HCO3–dominated as 
presented in MGS Data Repository Item DRI20090022. 
Well samples with the lowest SO4 concentrations correlate 
with methane-bearing effervescent water wells. This 
is consistent with high SO4 levels supporting sulphate-
reducing bacteria that outcompete methanogens and sug-
gest that sulphate concentrations may play an important 
role in limiting biogenic methane production.

Stratigraphic interpretation
Table GS-18-1 lists the estimated formation and/or 

member at the total depth of the well. This information 
may not be accurate, since there is little stratigraphic con-
trol in the areas sampled. As there are no core or logs for 
the water wells, the estimate of stratigraphic horizon was 
based on several parameters: the geographic location of 
the well relative to a combination of proximity of the well 
to formation/member outcrop edges and known outcrop 
controls, the average regional southwest dip of 1.9 m/km 
(this dip is applicable only for Cretaceous sequences in 
the Pembina Hills region) and a few sparse post-1950 oil 
and gas wells drilled in the area.

There appears to be no direct relationship between 
the stratigraphic horizon at total depth and the occurrence 
of methane gas in the sampled wells. The following obser-
vations, however, can be made: the well at SE-30-7-8-W1 
taps into the Boyne Member of the Carlile Formation and 
is suspected to penetrate the middle to lower beds of this 
unit; the middle beds are a highly organic quartz-rich silt-
stone and sandstone and the lower beds are a dark organic 
quartz-rich shale (Nicolas and Bamburak, GS-17, this 
volume). The middle beds are suspected to be excellent 
source and reservoir rocks in the subsurface (Nicolas and 
Bamburak, GS-17, this volume).

The two gas wells are both considered to be getting 
their gas from the Assiniboine Member of the Favel For-
mation. The authors have a high degree of confidence in 
the stratigraphic placement of the gas-producing zone for 
SW-23-2-9-W1 due to its reference in historical records. 
The authors have less confidence in the gas-producing 
zone for SE-23-2-9-W1 due to the lack of reliable histori-
cal records for this well. Due to its proximity to the well at 
SW-23-2-9-W1 and very similar gas compositions, how-
ever, the assumption is that the Assiniboine Member is the 
dominant gas-producing zone.

Water wells with very low methane but high nitrogen 
concentrations appear to be shallow wells that penetrate 
the Odanah or Millwood members of the Pierre Shale. A 
couple of wells get their water from the Pembina Mem-
ber of the Pierre Shale. Although this member may be 
considered to be a potential gas-bearing horizon, any gas 
produced by it is not easily liberated into pore spaces due 
to its abundant bentonite seams and presence of swelling 
clay minerals.

Discussion and economic considerations
Despite a long history of oil and gas exploration in 

Manitoba, unconventional shallow gas prospects are still 

Figure GS-18-4: Effervescent water sample with gas 
headspace and gas bubbles in the water; taken at NW-
18-2-9-W1.

2 MGS Data Repository Item DRI2009002, containing the data or other information sources used to compile this report is available online to down-
load free of charge at http://www2.gov.mb.ca/itm-cat/web/freedownloads.html, or on request from minesinfo@gov.mb.ca or Mineral Resources 
Library, Manitoba Innovation, Energy and Mines, 360–1395 Ellice Avenue, Winnipeg, MB R3G 3P2, Canada.
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poorly understood. Recent work demonstrating signifi-
cant subglacial water influx into Paleozoic rocks to the 
east of the study area (Grasby et al., 2000; Grasby and 
Chen, 2005) raises the possibility that organic-rich shale 
in the Manitoba Escarpment area was similarly impacted 
by subglacial water flow. Studies on the Antrim shale in 
the Michigan Basin show that subglacial water intrusion 
into organic-rich shale units can initiate the generation of 
economic accumulations of biogenic gas (McIntosh et al., 
2002).

The Shallow Unconventional Shale Gas Project 
is dispelling some of the mystery surrounding this type 
of potential gas resource and provides industry with the 
basic information needed to undertake exploration in the 
new and risky unconventional shallow shale gas plays in 
southwest Manitoba. Since the potential area for shal-
low gas production is large, extending from the Manitoba 
Escarpment west to the Saskatchewan-Manitoba border 
and from the Porcupine Hills south to the Canada–United 
States border and covering an area of approximately 
50 000 km2, economic benefits—if resources are pres-
ent—could be significant.
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