. \ Introduction

TheU.S. Geological Survey (USGS) has completed an assessment of the undiscovered oil and associated gas resour ces of the Upper Devonian to
Lower Mississippian Bakken Formation in the U.S. portion of the Williston Basin of Montana and North Dakota and within the Williston Basin
Province (Pollastro and others, 2008). The assessment is based on geologic elements of a total petroleum system (TPS), which include (1) source-
rock distribution, thickness, organic richness, maturation, petroleum generation, and migration; (2) reservoir-rock type (conventional or continu-
ous), distribution, and quality; and (3) character of traps and time of formation with respect to petroleum generation and migration. Framework
studies in stratigraphy and structural geology and modeling of petroleum geochemistry, combined with historical exploration and production
analyses, were used to estimate the undiscovered, technically recoverable oil resource of the Bakken For mation. Using thisframework, the USGS
defined a Bakken-L odgepole TPS and seven assessment units (AU) within the system. For the Bakken Formation, the undiscovered oil and associ-
ated gasresources were guantitatively estimated for six of these AUs.

\

The general approach to assessing the Bakken Formation was as follows:

1. Define the total petroleum system(s) and each of the elements (source, reservoirs,
traps, seals, pod(s) of active source rock, migration, areas of undiscovered resource).

2. Are accumulations conventional or continuous?

3. Define the geologic factors that might control differences in drainage area (cell size)
and well production from estimated ultimate recovery (EUR) for continuous accumulations.

4. Define geologic assessment units (AU) — the resource plays.

5. Input for required elements on the assessment form must reflect the geology (or geologic
factors) and statistical distribution of production characteristics for the AU, such as cell
size, EUR, “sweet spot” area, and success ratio.
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Basin Setting and Evolution, and Tectonic Elements

The Williston Basin is an intracratonic depression that developed on the North American craton during the Ordovician. The basin occupies
approximately 300,000 square milesover portionsof North Dakota, South Dakota, M ontana, and adjacent Canadian provinces of Manitoba and Sas-
katchewan (fig. 1). Three Archean provinces underlie the Williston Basin: (1) the Superior province in the east; (2) the Wyoming and Churchill
(Hearne) provincesin thewest; and (3) an intervening Paleopr oter ozoic continent-to-continent collision suture zone known asthe Trans-Hudson Oro-
genic belt which liesbetween the east and west cratonic provinces(fig. 2). Thenatureof thisunderlying accretion zone and subsequent movement con-
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and Duperow (Devonian) Formations. Sandstones of the Spear fish Formation (Triassic) produceoil in north-central North Dakota and the Eagle Sand-
stone and Judith For mation (Cretaceous) produce natural gasin southwestern North Dakota.

Several cycles of exploration and development have occurred in the Devonian-to-Mississippian Bakken Formation since itsfirst discovery at Ante-
lope in 1953. Renewed interest due to new discoveries, improved horizontal drilling practices, increased oil price, and giant resource potential have
made the Bakken Formation continuous (unconventional) accumulation a major exploration tar get.
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Bakken Formation and Bakken Composite Continuous Reservoir

Major uplift alongthe Transcontinental Arch and tilting of the Williston Basin northward during the Devonian changed the major marine communi-
cation from the Cordilleran shelf (Central Rockies depression/M ontana trough) to a new accessrouteviathe Elk Point Basin of western Canada (fig. 8).
Thisshift tothe Elk Point Basin favored morerestricted conditionsfor deposition of the organic-rich snhales of the Bakken, and also explainsthe connec-
tion, geographic extent, and lithologic and stratigraphic affinity of the Bakken Formation with Canadian Devonian rocks rather than with Devonian
rocks of the Cordilleran shelf. The Upper Devonian to Lower Mississippian Bakken Formation is a thin, but widespread unit within the central and
deeper portionsof the Williston basin in Montana, North Dakota, and the Canadian Provinces of Saskatchewan and M anitoba (fig. 9).

The Bakken Formation consists of three informal members: (1) lower shale member, (2) middle sandstone member, and (3) upper shale member.
Both the upper and lower shale members are organic-rich marine shale of fairly consistent lithology. These shales are the petroleum source rocks and
part of the“ Bakken composite continuousreservoir” (fig. 10) for oils produced from the formation. The middle sandstone member variesin thickness,
lithology, and petrophysical propertiesthroughout the Williston Basin. Thisunit isa major contributor to the Bakken composite continuous oil reser -
voir, and isalso a proven conventional reservoir in Canada. Additional production from, and which isalso included in the Bakken composite continuous
reservoir, istheinformal “ Sanish sand” unit of the upper most Devonian Three For ks Formation (fig. 10) that immediately underliesthe Bakken For ma-
tion (fig. 11). Thus, estimates of undiscovered technically recoverable resourcesin the Sanish sand is considered in the Bakken For mation assessment.
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Bakken Deposition and Bakken-Lodgepole TPS

Each overlying younger member of the Bakken Formation is of greater geographic extent than the directly underlying older member. |sopach map-
ping of member s of the Bakken For mation by L eFever (2008) showsthat the Nesson-Antelope structures (fig. 7) were active, aswasthe Heart River fault,
during deposition of both the middle sandstone member and the lower shale member (figs. 12A, 12B). Although the upper and lower shale membersare
somewhat uniform in lithology, the depositional environments, lithology, and subsequent diagenesis of the middle sandstone member are diverse (fig.
12C). Oil-filled matrix porosity from sandstone and dolomite facies in the middle sandstone member is important to successful Bakken production.
Matrix porosity of the middle sandstone member is particularly well developed (5-14 percent) along the Nesson-Antelope structures, EIm Coulee field,
and Par shall and Sanish fields (fig. 12C).

A Bakken-L odgepole TPS was defined where oils generated from upper and lower organic-rich shales of the Bakken Formation have accumulated
primarily in the Bakken composite continuous reservoir and in Waulsortian mounds of the L odgepole For mation immediately overlying anomalously
thick sections of the upper shale member dueto dissolution of the underlying Devonian Prairie Salt (figs. 6, 13A, 13B, 13C). The Bakken-L odgepole TPS
Isdefined by theeastern limit of theupper shalemember (asdefined by L eFever, 2008) and the extension of the 12-mile-wide buffer zone (figs. 13A, 14) de-
fined by Burke and Diele (1993).
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Bakken Composite Continuous Accumulation and Oil Generation

A primary requirement for a continuous shale (or chalk) source-rock accumulation isthat the shale isnow, or was at sometime in its burial history,
within the thermal oil or gas generation window (fig. 15). Excellent examples of such continuous shale-oil and shale-gas source rock accumulations are
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