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ABSTRACT

The Bakken Formation has recently become an important petroleum reservoir in
the Williston Basin, despite containing relatively poor reservoir characteristics. Par-
shall /Sanish Fields lie east and updip of the main Bakken depocenter, where large
amounts of oil were generated in thermally mature, organic-rich upper and lower
Bakken shales. The Bakken Formation is an Upper Devonian-Lower Mississippian
carbonaceous shale and dolomitic siltstone to fine-grained sandstone with low average
porosity (3 to 5 percent) and permeability (0.01-0.05md). The low matrix perme-
ability of this reservoir increases the importance of other types of reservoir properties,
such as natural fractures.

Natural fractures can develop at numerous scales and in response to a variety of
mechanisms, such as tectonics and hydrocarbon generation. The focus of this study
is to: 1) examine the main causes of natural fractures, 2) determine the relationship
of fractures to the various facies present within the middle Bakken reservoir, and 3)
understand the impact of fractures on oil production.

The study area is roughly 900 square miles, and encompasses the highly productive
Parshall/Sanish fields, as well as less to non-productive areas to the east.  This
study used: 1) detailed analysis on 12 cores to identify facies of the middle Bakken
Formation; 2) identification of quantity and type of natural fractures in each facies to
determine the relationship of fractures to facies; 3) optical mineralogy to understand
the role of mineralogy on the creation of microfractures.

The middle member can be divided into six main facies based on lithology, grain
size, sedimentary structures, and trace fossils. Fractures were observed in the cores
and correlated to the various facies of the middle Bakken member. Microfractures
were also observed in petrographic thin sections and the highest density of microfrac-

tures occurs in dolomite-rich, laminated intervals. The quantity of fractures identi-
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fied within the cores does not show a correlation to the highest producing wells within

the study area.
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CHAPTER 1
INTRODUCTION

The Bakken Formation has become an important petroleum reservoir in the Willis-
ton Basin of North Dakota and Montana, despite containing relatively poor reservoir
characteristics. Parshall/Sanish fields, two of the most productive fields in the en-
tire Williston Basin, lie east and updip of the main Bakken depocenter, where large
amounts of oil were generated in thermally mature, organic-rich upper and lower
Bakken shales. The extremely low matrix permeability (0.0001-.01 mD) of this reser-
voir increases the importance of other types of reservoir-enhancing properties, such
as the presence of natural fractures.

The Bakken Formation is a relatively thin unit of Upper Devonian-Lower Mississippian-
aged, organic-rich shale and dolomitic siltstone located within the deeper parts of the
Williston Basin, United States. The Bakken Formation is generally divided into three
main members: 1) organic-rich black shale (lower member), 2) silty dolostone to fine-
grained sandstone (middle member), and 3) organic-rich black shale (upper member).
The upper and lower shale members are organic-rich source rocks that expelled oil
into low-porosity and low-permeability reservoirs such as the middle Bakken member
and underlying Three Forks Formation.

Parshall and Sanish Fields are located within Mountrail County, North Dakota,
approximately 90 miles east of the Montana border. Parshall Field was discovered
in 2006, with the EOG Parshall 1-36 discovery well that had an initial production
rate of 463 BOPD. The main target of the field is the Bakken Formation, specifically
targeting the low porosity, low permeability middle Bakken reservoir. Since 2006,
EOG and several other operators have increased horizontal drilling operations, making
Parshall and Sanish Fields two of the most productive fields in the Williston Basin.

As of January 2011, both Parshall Field and Sanish Field have an average monthly



LEGEND
o= O|L AND/OR GAS PRODUCTION

1 CONTOUR INTERVAL 300 FEET

AFTER SANDBERG, 1962

SCALE
9 10 00 0K

wLes

Figure 1.1: Map showing the south limit of the Bakken Formation (dashed line) and
the location of the study area in northwestern North Dakota. Modified from
Meissner (1978).

production of approximately 1 million barrels of o0il per month.

1.1 Location of Study Area

The study area is a roughly 900 square mile area located in Mountrail County,
North Dakota. Specifically, the study area covers Townships 150N-155N and Ranges
86W-91W (Figure 1.1).

1.2 Research Objectives and Methods

Parshall/Sanish Fields contain some of the highest initial oil production rates in

the Williston Basin, despite the extremely low matrix permeability of the middle



Bakken reservoir. The main Bakken depocenter lies west of Parshall/Sanish Fields,
where the organic shales of the upper and lower Bakken are buried in the deep-
est, most mature part of the basin. The upper and lower Bakken shales located
in Parshall/Sanish Fields are less mature than their downdip counterparts to the
west. The enormous oil accumulations discovered in Parshall/Sanish Fields, despite
being located in between less mature shales, strongly suggest that oil has migrated
updip from the depocenter and become trapped in Parshall/Sanish Fields. The ex-
tremely low matrix permeability of the middle Bakken Formation also suggests that
other porosity and permeability enhancing mechanisms, such as natural fractures, are
present to allow for oil migration.

The purpose of this study is to determine the: 1) cause of natural fractures in the
Bakken; 2) relationship of fractures to facies; 3) impact of fractures on oil production.
This study discusses natural fractures associated with regional stress fields, local
tectonics, overpressuring, and hydrocarbon generation. The study involves observing
fractures in both core and petrographic thin sections to determine if certain facies
within the middle Bakken are more susceptible to fracturing. The next step was to
understand the main reasons for increased fracture susceptibility within each facies
by observing variations in clay content, presence of laminations, proximity to mature
shales, variations in mineralogy, etc. If certain facies can be identified and related to
fracturing, then mapping of these facies may lead to better identification of fracture

networks.

1.3 Previous Work

Fred Meissner published a classic paper in 1978 titled “Petroleum Geology of the
Bakken Formation Williston Basin, North Dakota and Montana.” Meissner (1978)
discusses a variety of geologic and petroleum aspects of the Williston Basin, but per-

haps none more important than the presence and effect of source rock maturity and



overpressuring in the Bakken Formation in Antelope field, McKenzie County, North
Dakota. He plotted electrical resistivity versus depth to identify the depth of hy-
drocarbon generation. He concluded that high-resistivity occurs at subsea depths of
-6200 to -8200 ft, which represents the zone of mature source rocks and thus hydro-
carbon generation. He also illustrated how the pressure gradient changed from 0.46
psi/ft in the overlying Lodgepole Formation to 0.73 psi/ft. in the Bakken Formation,
and then shifts back to 0.47 in the underlying Nisku Formation.

Meissner (1978) further illustrated the direct relationship between abnormally
high fluid pressure and hydrocarbon generation associated with mature source rocks.
He stated that anomalous pressures in the Bakken are believed to be maintained
by the combination of large hydrocarbon volumes generated at high rates and the
relative isolation of the Bakken by extremely tight rocks in the underlying Three
Forks and overlying Lodgepole Formations. He then described the importance of
fluid overpressuring and differential stress to create open tension fractures that create
reservoir conditions.

James W. Schmoker and Timothy C. Hester wrote a paper in 1983 titled “Organic
Carbon in Bakken Formation, United States Portion of Williston Basin.” Schmoker
and Hester (1983) compared calculated organic-carbon values to 59 laboratory organic-
carbon analyses of Bakken shales from 39 wells in North Dakota, with organic-carbon
contents ranging from 6 to 20%. A plot of the organic-carbon content calculated in
laboratory experiments was compared to log-derived formation density. This relation
indicated a negative correlation, where an increase in the log-derived density corre-
sponds to lower total organic carbon (TOC). This negative correlation leads to the
premise that the density-log in the upper and lower Bakken shales varies primarily
in response to changes in organic matter. A positive correlation exists between the
TOC values determined from core analysis and the TOC values determined from the

density log. This provides a proxy for determining the TOC values using the density



log only, when no core analysis is available.

Schmoker and Hester (1983) also calculated average total organic carbon (TOC)
values for 159 locations in North Dakota and 107 locations in Montana. Their results
indicate average TOC values of 12.1% for the upper Bakken member and 11.5% for the
lower Bakken member, which are considerably higher than the suggested minimum
threshold for a source-rock of 2-2.5% (J.C. Curtis, pers. comm.). These average TOC
values are in close agreement with the 13% average previously determined by Webster
(1982), but are drastically higher than the average of 3.8% reported by (Williams,
1974).

In 1982, Lee C. Gerhard et al. published a paper titled “Geological Development,
Origin, and Energy Mineral Resources of Williston Basin, North Dakota.” Gerhard
et al. (1982) focused on the sedimentology, stratigraphy, and structure of the Williston
Basin. They used the Sloss (1963) sequence concept to breakout the stratigraphy of
the Williston Basin into six major sequences based on major transgressive cycles. The
authors are in agreement with Carlson (1960) and Carroll (1979) that basement blocks
that were structurally defined in the Precambrian control both the sedimentation and
structure of the basin. The authors described how the main seaway connection to
the basin changed throughout time due to various episodes of uplift, subsidence, and
sea-level fluctuations.

Structural movement of the Nesson anticline initiated in the Precambrian, as
evidence by Lower Deadwood sediments being deposited around, but not over, the
crystalline core of the anticline. Abrupt changes in thickness across the structure
indicate fault movement along the west flank of the Nesson anticline. A mid-Permian
event changed the stress regime and changed the motion of the fault to up on the west
from down on the west. Later Laramide-related strain is evident during the pre-Late
Cretaceous by reversal of movement along the Nesson fault. Since then, there has

been little evidence of major fault movement (Gerhard et al., 1982).




The authors state that the Williston Basin has subsided approximately 16,000 ft
since Middle Ordovician time without undergoing severe orogenic deformation. The
authors mention that mapping of heat gradients by Harris et al. (1981) suggests no
presence of abnormally high heat flow that would indicate mantle plume or hot spots
beneath the basin to account for this subsidence. They also mention that several
papers were written about advanced wrench-fault systems to account for the gener-
ation of structural elements in the Williston Basin, but that none have championed
a specific origin for the Williston Basin. The authors hypothesize that the Fromberg
and the Colorado-Wyoming shear zones were formed by left-lateral shearing on the
edge of the Precambrian continental plate, which displaced the present northern and
southern Rocky Mountain blocks.

Leigh Price et al. wrote a paper in 1984 titled “Organic Metamorphism in the
Mississippian-Devonian Bakken Shale North Dakota Portion of the Williston Basin.”
The main focus of this paper was on the organic geochemistry of Bakken oils as they
relate to maturity. The authors explain the suppression of Ro values in the Bakken
when compared to Tertiary through Middle Jurassic sediments. This is due to the
change in organic matter from oxygen-rich, terrestrially-derived organic matter to a
marine-derived organic matter. The authors used this knowledge to conclude that
much higher burial temperatures were required for both the threshold of intense
hydrocarbon generation and mainstage hydrocarbon generation.

Julie LeFever has conducted extensive studies in the North Dakota portion of the
Williston Basin and has written numerous papers concerning the Bakken Formation.
For Example, LeFever et al. (1991), conducts detailed lithofacies descriptions on the
middle Bakken members. LeFever et al. (1991) identifies and describes seven litho-
facies for the middle Bakken members. Canter et al. (2009) also describes facies and
subfacies of the middle Bakken in Mountrail County, North Dakota. The facies de-

scriptions between LeFever et al. (1991) and Canter et al. (2009) are similar, with the



