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The linear f low paths w e r e established due to several 
factors: the distance from, and f low direction of, "no rma l " 
marine water from the Montana Trough to the margins of the 
basin (Fig. 1) to replace water lost by evaporation and thus 
maintain a c o m m o n sealevel ; the probable shal low depth of 
the Wi l l is ton Basin (Fischer, et a l . , 1987, p.226); the creation 
of very sal ine brines as marine water evaporated wh i le f low­
ing to distant basin margins; the lack of a deep "ho le " on the 
basin margin to hold chlor ide deposits/brines as indicated by 
the lack of large halite deposits; the basinward f low of those 
resulting brines; and the creation of horizontally segregated 
f low paths caused by the interactions of shal low water depth, 
friction, and waters of w ide ly different composit ion/density 
(normal mar ine vs . br ine) f lowing in opposite direct ions 
(Fig. 2) . 

Data from the W i l e y field support a model in wh ich an 
evaporat ion-driven, stable, linear, seawater f low path, and the 
precipitation of increasingly soluble minerals along that f low 
path, are the dominant factors controll ing the distribution of 
minerals and biota in the study area. This model also negates 
the need for topographic highs to form porous reservoir rocks 
(Luther, 1988b, p.876) or topographic barriers behind wh ich 
evapor i te precipi tat ion occur red , forming updip reservoir 
seals. 

The distribution of cements and other diagenetic features 
present in the study area, are consistent wi th the assumed 
horizontal salinity gradient created by the increasingly saline 
seawater/brine f lowing across the area. This distribution, in 
part, supports the concept that most diagenesis occurred near 
surface. The model also provides a mechanism for diagenetic 
events (such as dolomitization) basinward of the study area as 
dense, bottom-hugging brines f lowed basinward (Fig. 3), pos­
sibly altering exposed sediments. 

This model for sedimentation and diagenesis control led 
by horizontal salinity gradients may provide an alternative 
explanation for deposition of Mission Canyon Formation sedi­
ments e lsewhere along the basin margin and may provide 
clues for future exploration strategies. 
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Composit ional ly distinctive families of oils initially iden­
tified in Canad ian Wi l l is ton Basin can be extended into the 
Uni ted States. Most oils in Ordov ic ian pools and the Si lur ian 
pools of the Cedar Creek ant ic l ine are identical wi th pre­
viously identified Family A oils. Kukersites, marine Type I 
source rocks, in M idd le and Upper Ordov ic ian formations are 
the source of this oil family, wh i ch is characterized by diag­
nost ic saturate f ract ion gas ch romatograms ( S F G C ) a n d 
terpane composit ions. Mar ine Type II sources in M idd le D e ­
vonian Winn ipegos is Formation, but possibly also occurr ing 
in younger Devon ian carbonate formations, are the source of 
Family D oils. Family D oils occur in Silurian to Mississippian 
strata. Their terpane composi t ional characteristics are like 
Family A oils, but they are distinguished by other charac­
teristics. These oils are subdivided into subfamilies D 1 , D 2 , 
and D 3 . Family D 1 oils occur throughout the Devon ian and 
may have a number of sources, of similar composi t ion, in the 
M idd le and Upper Devon ian carbonate succession. Family 
D 2 oils are characteristic of Winn ipegos is reefs and have 
sources in basinal Upper Winn ipegos is Formation bituminous 
limestones. The presence of undersaturated n-alkenes in Fam­
ily D 3 oils suggests peculiarit ies in their generation, possibly 
attributable to intrusive bodies. 

O i l in uppermost Devon ian , Mississippian and Mesozo ic 
strata are n o w d iv ided into three fami l ies w i th different 
sources. Sources in uppermost Devonian-Mississippian Bak­
k e n F o r m a t i o n s h a l e m e m b e r s s o u r c e F a m i l y B o i l s 
predominantly in Bakken Formation reservoirs, both in the 
middle member and the "hor izontal" shale play of central 
and eastern Wi l l is ton Basin. Family E oil pools in western 
Wi l l is ton Basin occur primarily in the middle Bakken sand­
stone subcrop play and in nearby Mannv i l l e Formation in 
west-central Saskatchewan. Family E oil composi t ion and 
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strat igraphic o c c u r r e n c e suggests it has E x s h a w / B a k k e n 
Formation sources in the Alberta/Montana Trough, outside the 
Wi l l is ton Basin proper. Mississippian Lodgepole Formation 
sources most oils (Family C) in Mississippian Madison Group 
and Mesozo ic strata throughout the basin. At low maturities 
the composit ional differences among Family B, C and E oils 
are shown by biological marker compounds, but at higher 
maturities or advanced stages of biodegradation composit ions 
are altered. Al though biomarker differences persist through­
out biodegradation, they are destroyed by cracking at high 
thermal maturit ies. Fortunately, significant gross compos i ­
tional differences persist even at high maturity to a l low the 
different families to be distinguished. 

There are six addit ional oil families in the Wi l l is ton B a ­
s in . T h e largest is Fam i l y F o i l , w i t h p o o l s in L o w e r 
Cretaceous Vik ing Formation reservoirs of west-central Sas­
k a t c h e w a n , hav ing Cre taceous Co lo rado G r o u p sources. 
Al though now entrapped in the western part of the Wi l l is ton 
Bas in , Family F oils we re expel led from parts of the A l ­
b e r t a / M o n t a n a T r o u g h l y i n g w e s t of C a l g a r y . O t h e r 
composit ional ly distinctive oil families have only a few or 
single pools. These include two addit ional families in C a m -
bro-Ordovic ian strata, Families G and J , the former of wh ich 
probably has a W i n n i p e g shale source, but the latter of wh ich 
has an undetermined source that supplies oils to the N e w ­
porte structure. Tyler oils, Family H , are the only oils wi th 
characteristics of a non-marine source in the Wi l l is ton Bas in . 
Minnelusa, Family I, oils also have distinctive composit ions, 
but the position of their source is as yet undetermined. 
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The results of an integrated aeromagnetic/geologic study 
of a 350-township area of the U . S . portion of the Wi l l is ton 
Basin proved useful in del ineating undri l led trends and struc­
tures. Three of the major recent discoveries (Simon Butte: 
In ter lake; Tracy : Ty ler ; a n d the L o d g e p o l e W a u l s o r t i a n 
mound) are located along previously mapped l ineaments or 
at l ineament intersections. The analyses util ized a 1 mi (1.6 
km) E - W x 4 mi (6.4 km) N -S grid of aeromagnetic data 
acqui red wi th a cesium magnetometer at 3800 ft (1159 m) 

above sea level . Data were combined wi th maps generated 
from a comprehens ive subsurface database and detai led 
Landsat imagery l ineament analyses. 

Geoterrex aeromagnet ic data was reprocessed and a 
number of products generated to assess variations in both the 
regional and local structural grains. Regional structural/fault 
trends are defined by analyzing numerous shaded relief im­
ages of the RTP Total Intensity. Prospect-size structures and 
more local ized basement fault trends are del ineated using a 
vertical derivative map, and residualized stacked line profile 
displays, in con junct ion w i th 2 - D magnet ic models. The 
structural interpretations of these displays w e r e added to 
those generated via subsurface and Landsat analyses in order 
to identify wh ich basement signatures and trends were instru­
mental in controll ing production throughout the basin, and 
where undril led structures and trend continuations may be 
present. 

The regional trend of the basement structure was c o n ­
s t ruc ted us ing a l l a v a i l a b l e b a s e m e n t pene t ra t i ons in 
conjunct ion wi th a hand-contoured structure map of the O r ­
dov ic ian Red River based on a proprietary data base of over 
3,000 wel ls and a series of isopach maps for the Red River-
W i n n i p e g , W i n n i p e g - D e a d w o o d , a n d D e a d w o o d -
Precambrian intervals. The Red River structure was digitized 
and its isopach subtracted v ia computer gridding routines to 
derive a best first approximation of the underlying W i n n i p e g 
structure. Similar procedures w e r e util ized for the W i n n i p e g 
and D e a d w o o d intervals to derive a first approximation of 
basement structure. 

In the area of the Wi l l i s ton Basin ana lyzed, virtually 
every producing f ield, whether structurally or stratigraphically 
control led, bears a relationship to the regional and subre-
gional fault trends identified on the shaded relief images. 
Individual structures identified on the interpreted line profiles 
also match producing structures. Fields occur parallel to l ine­
aments, at changed orientation of l ineaments, or at l ineament 
intersections. Product ion from certain stratigraphic intervals is 
grouped on circular "p la id ' ' areas to the exclusion of produc­
tion from other intervals. Fresh water f low into the basin from 
the west appears to be control led by a least two major frac­
ture systems. Interestingly, only major trends defined on the 
Landsat imagery bear a relationship to those identified on the 
magnetic data sets. 




