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Abstract

The middle Bakken Formation of the Williston Basin is the focus of current horizontal drilling activity. The middle Bakken consists of six
distinct facies over much of the basin. Each facies represents deposition in shallow to deep shelf environments (neritic). Facies are subdivided
on the basis of lithologic and biologic aspects. Contacts between individual facies are generally transitional. Individual facies pinch out towards
the basin margins.

The middle Bakken has poor reservoir qualities with low porosities (< 8%) and permeabilities (< 0.1 md). Diagenesis plays an important role in
controlling reservoir quality. Horizontal drilling and multi-stage fracture stimulation are necessary for commercial production.

For mapping purposes the six facies are combined into three geophysical log facies. Thickness variations in these facies are one of the keys to
“sweet spot” identification in the Bakken. Thickness variations are influenced by paleo-basin configuration, paleostructures located within the
basin, and deeper evaporite dissolution (Prairie) that was concurrent with Bakken deposition.

The mineralogy of the middle Bakken ranges from a silty to very fine grained dolomitic sandstone to a silty dolostone. The source area for
clastics appears to be the Canadian Shield area to the north. Overall carbonate content increases in the southern part of the Williston Basin.
Ichnofacies within the middle Bakken range from Skolithos to Zoophycos.

Knowledge of middle Bakken facies distributions and thickness variations, lithologic variations, diagenesis and paleostructure identification

along with upper and lower Bakken shale thickness (source beds), quality, and maturity are keys to finding future “sweet spot” areas in the
Williston Basin.
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Middle Bakken Faclies, Williston Basin

Depositional Environment

; Offshere Shoreface Foreshore
If::;f)r MSh, MSm Lower Middle Upper (7
Shoreface Shoreface | Shoreface

NSLSw St Sr.St.Le

‘ (m)

sea level rise

Legend

[(] - sand
-~ mud

Slorm wave base
al 200 m depth

; . not to scale
[chnofacies

| [ Nereiles | Cruziana | Skolithos | rare trace fossils
, Offshore Shoreface Foreshore
1‘,:;{{ MSh, MSm Lower Widdle Upper (?
’ (m) Bhoreface Shoreface | Shoreface
MSLSw| St ﬁ..ﬁ: ==}
1] — High tde
Low Lide
| g
10 S
Legend p
Slorm wave base -
aL 200 m depth [] - sand
A - mud
200 e - . . not to scale
RE— — [chnofacies
i Nereiles | Cruziana | Skolithos | rare trace fossils

after Walkerand Plint (1992) from Smith and Bustin, 1996
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water depths.
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Figure 18. Core photographs of upper and lower Bakken shales.
Photographs courtesy of North Dakota Geologic Survey.
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Figure 20. Core photographs of Bakken lithofacies A-E. Photographs
courtesy of North Dakota Geologic Survey.
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Figure 26. Well log showing Bakken and upper Three Forks lithofacies.

Figure 21. Structure map, top Bakken, Williston Basin.
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Figure 27. Bakken lithofacies at Sanish-Parshall fields. Note pinching out of
facies C and D to the east. The trap in this area is largely stratigraphic. MAIN
TARGET OF HORIZONTAL DRILLING FACIES C and D.
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Figure 25. Isopach map, middle Bakken Facies A-C, Williston Basin.
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Figure 30. West to east stratigraphic cross section C-C’. Red dashed line, LSE; sequence boundary.
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