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Introduction

The Horn River and Liard basins located in northeastern

British Columbia (BC), southern Yukon and Northwest

Territories, and adjacent western Alberta contain immense

volumes of hydrocarbons that are held within multiple

stratigraphic intervals. The estimates of marketable gas re-

serves are significant, with volumes in the Liard Basin sur-

passing 200 trillion cubic feet (tcf), and another 78 and 8.8

tcf in the Horn River Basin and Cordova Embayment, re-

spectively, as well as potential for significant liquid re-

serves (BC Ministry of Energy and Mines and National En-

ergy Board, 2011; Ferri and Griffiths, 2014; BC Ministry of

Natural Gas Development, 2015; National Energy Board,

2016). The majority of these gas reserves are hosted within

Devonian strata. The Devonian stratigraphy of these basins

comprises thick accumulations of organic-rich, highly pro-

spective fine-grained formations including the Muskwa,

Besa River and Horn River (Evie and Otter Park members)

formations that occur over a large areal extent.

The objective of this study is to contribute to the prediction

of hydrocarbon distribution, reservoir quality and produc-

ibility of Devonian shales in the Horn River and Liard Bas-

ins, Cordova Embayment, and adjacent western Alberta.

Specifically, the goal is to determine the geological factors

controlling the distribution of potentially producible wet

gas, condensate and oil. The multifaceted study uses petro-

leum systems analysis, ground-truthed with fluid analysis,

and petrophysical and geochemical analyses of cuttings

and core samples, to predict the types and volumes of gen-

erated and retained hydrocarbons throughout the basins’

evolution (Figure 1).

Detailed core-based analysis of samples from across the

study area will help refine the reservoir characterization of

important intervals and elucidate regional trends. The em-

phasis of such laboratory work will be put on characterizing

the porosity, pore structure and pore-size distribution of the

core samples, and generating additional thermal-maturity

data to add to the public database. In addition, basin model-

ling with a focus on thermal history will be used to resolve

the timing of hydrocarbon generation and migration and to

quantify hydrocarbon charge and retention within the for-

mations. Since the study region encompasses a large area

with spatially variable tectonic history but comprises strata

of the same general lithology and kerogen type, this study

further provides an opportunity to test the impact of

tectonic history and variable heat flow on the timing of

hydrocarbon generation.

This preliminary report outlines the main research goals of

this study, and presents initial results of petrophysical and

organic-content measurements of the Muskwa Formation.

Study Area

The Liard and Horn River basins are located in northern-

most BC, and southern Yukon and Northwest Territories

(Figure 2). Although the focus of the study is within the BC

portion of the basins, the study area extends north of the 60º

parallel into the territories and includes wells west of the 6th

meridian in Alberta to encompass the geographic extent of

the formations. The majority of wells in the study area are

located within the Horn River Basin, Cordova Embayment

and west into Alberta, where initial unconventional petro-

leum exploration has occurred. The Liard Basin has only

recently become an area of active exploration (Ferri et al.,

2015) due to the expense and difficulty associated with

drilling to reach Paleozoic strata that are deeply buried as a

result of displacement in the Bovie fault zone.

Geological Framework

During the Devonian and Mississippian periods northeast-

ern BC was situated along the edge of the North American

protocontinent. As in other parts of the Western Canada

Sedimentary Basin, the stratigraphy during that time was

dominated by shale and carbonate packages, which were
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related to major transgressive and regressive cycles. The

basinal setting of the study area resulted in deposition of

thick packages of fine-grained sedimentary rocks, whereas

stratigraphically equivalent carbonate units further to the

east were deposited in shallower water (Figure 3). Exten-

sional block faulting synchronous with the Antler orogeny

further influenced Paleozoic deposition by creating salient

features such as the Liard Basin and Fort St. John graben

(Wright et al., 1994).
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Figure 1. Flowchart illustrating the protocol for this study.

Figure 2. Location of the Liard and Horn River basins, and Cordova Embayment within northeastern Brit-
ish Columbia (modified from BC Ministry of Energy and Mines and National Energy Board et al., 2011).



The Besa River Formation dominates the stratigraphy of

the Liard Basin, representing an extended period of deposi-

tion in a sediment-starved anaerobic environment (Ross and

Bustin, 2009). The formation contains organic-rich mark-

ers representative of the Muskwa and Exshaw formations

(Ferri et al., 2011, 2015). In contrast to the more basinal

Liard Basin, the Horn River Basin contains a number of

carbonate packages interlayered with regionally extensive

organic-rich transgressive shale intervals, including the

Muskwa and Exshaw formations (Switzer et al., 1994; Ferri

et al., 2011). The most common lithofacies within the Mus-

kwa and Horn River formations is massive mudstone with

abundant pyrite laminations (Dong et al., 2015). These for-

mations thin and become shallow overall toward the east,

where the Horn River Formation pinches out against the

edge of the Presqu’ile barrier reef. The Muskwa Formation

extends into Alberta (BC Ministry of Natural Gas Develop-

ment, 2015). Maturity of the source rocks, which is a func-

tion of the interplay between burial depth, thermal history

and kerogen type, is within the dry-gas window for most of

the study area.

Preliminary Results and Work in Progress

To date, core samples have been collected from nine wells

in BC along a southwest-trending transect. The location of

the wells was selected to capture the variation in depth of

burial and thermal history across the basins, and therefore

the associated variability in reservoir quality. Additionally,

drill cuttings samples were collected from six wells along

an adjacent southwest-trending transect. A total of ~300
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Figure 3. Upper Paleozoic stratigraphy for northeastern British Columbia (modified from Ferri et al., 2011). Ab-
breviations: Ei, Eifelian; Em, Emsian; Fa, Famennian; Fm, formation; L, lower; M, middle; Mb, member; Penn.,
Pennsylvanian; U, upper.



samples were collected by sampling at 30 to 50 m intervals

along the entire length of each well. Initial data have been

collected for a suite of samples from the Muskwa Forma-

tion in the Horn River Basin and Cordova Embayment, and

include results from total organic carbon (TOC)/pyrolysis,

helium pycnometry and mercury intrusion porosimetry

(MIP). In addition, TOC/pyrolysis data have been collected

for the entire suite of ~300 cuttings samples.

TOC/Pyrolysis

The average TOC of the Muskwa Formation was mapped

across the study area using a dataset that includes both pub-

licly available data and new analyses from cuttings and

core samples collected for this study. The TOC is generally

<2%, with the highest organic potential being located in the

northwestern corner of the Horn River Basin (Figure 4).

Due to sampling bias, the densest region shown by the

dataset is located in the Horn River Basin and Cordova Em-

bayment areas, where the database for the Muskwa Forma-

tion is more extensive. There is a positive correlation be-

tween porosity and TOC (Figure 5), although the

correlation itself does not necessarily suggest a direct ge-

netic relationship. For instance, it has been demonstrated in

this area that there is a correlation between quartz content

and TOC (Chalmers et al., 2012; Dong et al., 2015). Future

mineralogical analysis as a part of this study will address

such relationships.

Mercury Intrusion Porosimetry and Helium
Pycnometry

The pore structure of shale-oil and shale-gas–reservoir

rocks in part determines their storage capacity and fluid-

transport properties, which in turn govern the economic

producibility of the hydrocarbons. Due to their importance,

pore structures will be characterized in this study using a

combination of mercury intrusion porosimetry (MIP), he-

lium pycnometry, CO2 and N2 gas adsorption, and field

emission scanning electron microscopy. Each technique

has limitations, but collectively they will provide a quanti-

tative and qualitative understanding of pore structure with-

in the study area.

Results of MIP and helium pycnometry/bulk density ob-

tained to date are summarized in Figure 6. The MIP data

were corrected using the workflow outlined by Munson

(2015; Figure 7). When comparing porosity values from

MIP and helium pycnometry, helium porosity is always

higher (Figure 6), as anticipated, due to helium molecules

being smaller than mercury molecules and therefore able to

access smaller pores. Initial pore-size–distribution results

from MIP indicate that most samples contain pores in the

mesopore range (Figure 8). Additionally, CO2 and N2 gas

adsorption will provide insight as to the quantity and size

distribution of micropores in the samples.

Basin History

One-dimensional basin modelling is underway, beginning

with wells that contain extensive thermal maturity data.

Numerous one-dimensional models will provide control

points for a three-dimensional model that will assess basin

history throughout the area of interest. Apreliminary model

for a well in the northwestern corner of the Horn River Ba-

sin has been constructed to show the general basin history

and present-day temperature for this portion of the study

area (Figure 9).

Future Work

The petrophysical and geochemical analyses in progress

will be used to map lateral trends in reservoir properties and

thermal maturity. Construction of basin models using these
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Figure 4. Average total organic carbon (TOC; wt. %) map of the study area. The Liard and Horn River basins and Cordova Embayment are
outlined from west to east. The purple and blue cross-sections correspond to the well location of collected cuttings and core samples, re-
spectively. The remaining well locations (black) contain publicly available TOC data.
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Figure 5. Helium porosity (%) versus total organic carbon (TOC; wt. %) from
Muskwa Formation core samples. In general, there is a positive correlation be-
tween the two properties. The coloured symbols correspond to data points from
seven different well locations that have been analyzed thus far.

Figure 6. Helium porosity (%) versus porosity (%) evaluated using the mercury
intrusion porosimetry (MIP) technique for core samples from the Muskwa Forma-
tion. In all instances, helium porosity is higher than porosity evaluated using the
MIP technique. The coloured symbols correspond to data points from different
well locations that have been analyzed thus far.
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Figure 7. Incremental intrusion (mL) versus injection pressure (psi)—an example of applying closure
and compression corrections to uncorrected raw mercury intrusion porosimetry data using the workflow
developed by Munson (2015).

Figure 8. Cumulative intrusion (mL) versus pore-throat diameter (nm)—initial pore-size distributions for Muskwa
Formation samples all exhibit similar results with the majority of pores measuring from 3 to 20 nm, which is in the
mesopore range. The coloured symbols correspond to data points from different well locations that have been ana-
lyzed thus far.
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data combined with lithostratigraphy and interpretation of

tectonic history will provide a framework for determining

the thermal history and the timing of hydrocarbon genera-

tion and migration. Together, these research aspects will as-

sess the impact of basin history on the type and quantity of

migrated and retained hydrocarbons, and ultimately their

producibility.
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