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Introduction

De vo nian shale units of the Horn River Ba sin (HRB) in
north east ern Brit ish Co lum bia are the fo cus of one of
the lead ing shale gas plays in North Amer ica. Eco -
nomic gas pro duc tion from these shale units re quires
drill ing of up to 16 multileg hor i zon tal wells from a sin -
gle drill ing pad, and con duct ing up to 16 staged hy -
drau lic frac ture stim u la tion (frac) jobs in each hor i zon -
tal leg. Each frac in jects up to 4000 m3 of wa ter into the
res er voir, along with chem i cals and proppants (gen er -
ally high-grade sil ica sands) to en sure that the rock is
ef fec tively frac tured, and that frac tures re main open.
Upon com ple tion, the well flows back some of this
water, contaminated by the injected chemicals.

Thou sands of wells will be drilled to fully de velop the
HRB shale gas play. Enor mous vol umes of wa ter will
be re quired for res er voir stim u la tion (fracing) and safe
dis posal must be en sured for equally huge vol umes of
pro duced wa ter. Deep subsurface aqui fers, car ry ing
nonpotable wa ter and ly ing far be low the wa ter ta ble
and do mes tic wa ter wells, rep re sent ideal sources and
sinks for the wa ter vol umes re quired. Shal lower aqui -
fers, such as bur ied val ley fills as so ci ated with Qua ter nary
gla ci ation and drain age, are less de sir able tar gets, as there
is less sep a ra tion from sur face and well wa ters. Sur face wa -
ter may serve as iso lated, short-term wa ter sources, but sur -
face disposal of frac fluids will not be contemplated.

The pe tro leum in dus try is in its in fancy in the HRB, and so
suf fers from lack of well con trol and other in for ma tion to
sup port char ac ter iza tion of subsurface aqui fers. While nu -
mer ous wells have been drilled on the ba sin mar gins for
con ven tional gas res er voirs, there are rel a tively few wells
in the ba sin proper, and large ar eas re main vir tu ally
undrilled. New wells tar get the De vo nian gas shale units,
and most new geo log i cal stud ies have fo cused on their res -
er voir char ac ter is tics. Within the past year, how ever, many

in dus try op er a tors have be gun to drill wa ter-source and
dis posal wells on their prop er ties, and are work ing to ward
un der stand ing subsurface aquifers as potential water
sources and sinks.

To de ter mine whether subsurface aqui fers have suf fi cient
wa ter vol umes and flow ca pac ity to sup port long-term de -
vel op ment in the HRB, com pre hen sive re gional map ping
and res er voir char ac ter iza tion is re quired. The Horn River
Ba sin Pro duc ers Group (HRBPG), a con sor tium of in dus -
try op er a tors, rec og nized this is sue in 2008, and asked
Geoscience BC to un der take such a study. Geoscience BC
com mis sioned Pe trel Rob ert son Con sult ing Ltd. (PRCL) to 
de velop a pro ject workplan, man age the col lec tion of test
data from new HRBPG wells, un der take the re quired tech -
ni cal work, and to produce a report summarizing the
findings.

Regional Setting

The HRB lies in north east ern BC, and is bounded to the east 
and south by De vo nian car bon ate plat forms (Fig ure 1). The 
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Fig ure 1. Lo ca tion map show ing the Horn River Ba sin (in green) and
study area (out lined in black), north east ern Brit ish Co lum bia.

http://www.geosciencebc.com/s/DataReleases.asp


Bovie fault zone (BFZ), a ma jor struc tural fea ture, sep a -
rates the HRB from the Liard Ba sin to the west. The HRB
con tin ues north ward into the North west Ter ri to ries, but
land, in fra struc ture and reg u la tory is sues con fine oil and
gas ac tiv ity to the BC portion (Moore, 1993).

Shale gas tar gets of the HRB oc cur in the si li ceous, or ganic-
rich Evie and Muskwa shale mem bers of the Mid dle to Up -
per De vo nian Horn River For ma tion. West ward and north -
ward of the De vo nian car bon ate plat form mar gins, the
Horn River For ma tion forms the basal part of a thick
Devonian–Mis sis sip pian shale sec tion (Fig ure 2; Moore,
1993). Stacked car bon ate ramps and/or plat forms of the
Mis sis sip pian Rundle Group and Debolt For ma tion
prograde across the Horn River Ba sin, pass ing basinward
into the Prophet and Besa River for ma tions to the west and
north (Rich ards et al., 1993). Cre ta ceous Buckinghorse
For ma tion shale units lie un con form ably on the Mis sis sip -
pian car bon ate rocks, ex cept on the south ern and east ern
mar gins of the ba sin, where basal Cre ta ceous sand stone
units are as signed to the Bluesky and Gething for ma tions,
re spec tively. Qua ter nary gla cial de pos its up to 100–150 m
in thick ness cap the Buckinghorse For ma tion shale units
and Up per Cre ta ceous Dunvegan For ma tion sand stone and
conglomerate units, which are preserved locally (Figure 2;
Stott, 1982).

West ward across the BFZ, the top of the Mis sis sip pian car -
bon ate ramp drops ap prox i mately 1000 m, and the over ly -
ing sec tion thick ens cor re spond ingly (Fig ure 2; Monahan,

1999). The up per most Mis sis sip pian Mattson For ma tion, a
sand-dom i nated deltaic suc ces sion, lies on the car bon ate
plat form above transgressive Golata For ma tion shale units, 
and thick ens rap idly west ward from the BFZ to a max i mum 
thick ness of sev eral hun dred metres. Chert and sand stone
units of the Perm ian Fantasque For ma tion cap an un con -
formity over ly ing the Mattson For ma tion. The Tri as sic
Toad and Grayling for ma tions are pri mar ily siltstone and
shale equiv a lents to the Montney For ma tion of the Peace
River area (Monahan, 1999). Over ly ing the pre-Cre ta ceous 
un con formity is the basal Chinkeh For ma tion sand stone,
suc ceeded by Cre ta ceous shale units, them selves punc tu -
ated by wide spread, gen er ally low-qual ity sand stone units
of the Scatter and Sikanni formations (Leckie et al., 1991;
Leckie and Potocki, 1998).

Methodology

Strati graphic map ping and res er voir char ac ter iza tion were
sup ported by in ter pre ta tion of well logs, cores, sam ple cut -
tings and well test data. The HRB well da ta base com prises
all avail able wells pen e trat ing the pre-Cre ta ceous un con -
formity in the study area, 556 wells in total.

To es tab lish a strati graphic frame work, 16 re gional cross-
sec tions were con structed (Fig ure 3), es tab lish ing cor re la -
tions from the lit er a ture and pre vi ous stud ies, and cal i brat -
ing them with ob ser va tions from cores and sam ple cut tings. 
Logs from each well were tied to the cross-sec tion grid to
in ter pret strati graphic tops. All cores that ap peared to pro -
vide sig nif i cant res er voir or strati graphic in for ma tion were
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Fig ure 2. Sche matic strati graphic cross-sec tion, Horn River Ba sin and ad ja cent Liard Ba sin, north east ern Brit ish Co lum -
bia.



ex am ined; how ever, very few cores were cut in Mis sis sip -
pian car bon ate rocks within the HRB proper, and there is
es sen tially no rep re sen ta tion of the up per most car bon ate
sec tions. Core cov er age of Mattson Formation reservoirs to 
the west is similarly scanty.

A pro ject was there fore com mis sioned to sys tem at i cally
ex am ine and doc u ment drill cut tings from Mis sis sip pian
car bon ate rocks through out the HRB, and from Mattson
For ma tion sand stone sec tions near HRBPG lands in the
west. JC Con sult ing Inc. ex am ined cut tings across the pro -
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Fig ure 3. Lo ca tions of cross-sec tions, core logs and sam ple cut tings logs, Horn River Ba sin, north east ern Brit ish Co lum bia.



spec tive sec tion in rel e vant wells, and per formed
semiquantitative es ti mates of res er voir po ros ity and per -
me abil ity. JMS Geo log i cal Con sult ing pre pared sam ples
for stan dard pe trog ra phy, scan ning elec tron mi cro scope
(SEM) im ag ing and X-ray dif frac tion (XRD) anal y sis, to
provide additional reservoir characterization information.

Re gional hydrostratigraphy and flow char ac ter is tics were
ex am ined by Ca na dian Dis cov ery Ltd., which com piled
avail able well test data, in clud ing flow and injectivity test
data sup plied by HRBPG mem bers on their new wa ter-
source wells within the basin.

In cor po rat ing all these data and in ter pre ta tions, PRCL pro -
duced re gional maps of key strati graphic sur faces and in ter -
vals through out the aqui fer sec tion. Core and sam ple data
were tied to logs to es ti mate res er voir qual ity, which was
also sys tem at i cally mapped. Fi nally, res er voir maps were
com bined with hydrogeological in ter pre ta tions to gen er ate
a ba sin-scale aqui fer characterization of each key unit.

Preliminary Results

Pro ject re sults are sched uled for re lease to HRBPG mem -
bers in late 2009, and will be held con fi den tial for a pe riod
of time to pro tect the con fi den ti al ity of data sup plied to the
pro ject. How ever, a few gen eral ob ser va tions can be made
at this point:

· Mis sis sip pian plat form car bon ate rocks (Debolt For ma -
tion/Rundle Group) show good aqui fer po ten tial in
many ar eas of the Horn River Ba sin. The best and most
con tin u ous res er voir qual ity is found im me di ately be -
neath the pre-Cre ta ceous un con formity, where so lu tion
and dolomitization is most con sis tently de vel oped.
There are clear strati graphic con trols on the dis tri bu tion
of these aqui fer rocks.

· Up per most Mis sis sip pian clastic rocks of the Mattson
For ma tion thicken rap idly west of the Bovie fault zone

on the west ern flank of the Horn River Ba sin, and pro -
vide lo cally good aqui fer po ten tial in that area.

· Cre ta ceous val ley fill (Gething For ma tion) and shore -
face (Bluesky For ma tion) sand stone units ex hibit lower
grade aqui fer po ten tial along the east ern and south east -
ern flanks of the ba sin. Sim i larly, basal Cre ta ceous
Chinkeh For ma tion sand stone units on the west ern side
of the Bovie fault zone of fer lower grade aquifer
potential.
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