lN') University of North Dakota
2 UND Scholarly Commons
Theses and Dissertations Theses, Dissertations, and Senior Projects

1984

Stratigraphy and depositional environments of the

Three Forks Formation (Upper Devonian),
Williston Basin, North Dakota

Gayle M. Dumonceaux
University of North Dakota

Follow this and additional works at: https://commons.und.edu/theses
b Part of the Geology Commons

Recommended Citation

Dumonceaux, Gayle M., "Stratigraphy and depositional environments of the Three Forks Formation (Upper Devonian), Williston
Basin, North Dakota" (1984). Theses and Dissertations. 76.
https://commons.und.edu/theses/76

This Thesis is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UND Scholarly Commons. For more information, please contact

zeinebyousif@library.und.edu.


https://commons.und.edu?utm_source=commons.und.edu%2Ftheses%2F76&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F76&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/etds?utm_source=commons.und.edu%2Ftheses%2F76&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F76&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/156?utm_source=commons.und.edu%2Ftheses%2F76&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses/76?utm_source=commons.und.edu%2Ftheses%2F76&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:zeineb.yousif@library.und.edu

STRATIGRAPHY AND DEPOSiITIONAL ENVIRONMENTS
OF THE THREE FORKS FORMATION (UPPER DEVONIAN),

WILLISTON BASIN, NORTH DAKOTA

by
Gayle M. Dimonceaux

Bachelor of Arts, St. Clord State University, 1981

A Thesis
Submitted to the :3raduate Faculty
of the
University of North Dakota
in partial fulfillment of the requirements
for the d:gree of

Master of Science

Grand Forks, Vorth Dakota

August GEOLOGY LIBRARY

1984 ’ Usiversity of North Dakete




N
ST s
. ~

| S S

M. Dumonceaux in partial fulfillment
from the
Advisory

This thesis submitted by Gayle
of the requirements for the degree of Master of Science
University of North Dakota is hereby approved by the Faculty
Comnittee under whom the work has been done.

A ). L

{Chairman)

%med /%od;%/
/7 / N/ _
jﬁiﬁngzvg}JLzu-~;~

This thesis meets the standards for appearance and conforms to the
style and format requirements of the Graduate School of the University

of North Dakota, and is hereby approved.

mew 2 /ey

Dean of tEE)Fraduate School

ii -

6035503




Permission

Title Stratigraphy and Depositional Environments

of the Three Forks Formation (Upper Devonian),

Williston Basin, North Dakota

Department Geology

Degree Master of Science

In presenting this thesis in partial fulfillment of the
requirements for a graduate degree from the University of
North Dakota, I agree that the Library of this University
shall make it freely available for inspection. I further
agree that permission for extensive copying for scholarly
purposes may be granted by the professor who supervised my
thesis work or, in his absence, by the Chairman of the
Department or the Dean of the Graduate School. It is
understood that any copying or publication or other use of
this thesis or part thereof for financial gain shall not be
allowed without my written permission. It is also
understood that due recognition shall be given to me and the
University of North Dakota in any scholarly use which may be
made of any material in my thesis.

Signature J;\g%& M w

Date 95’ }C’ g4
\J

iii




TABLE OF CONTENTS

LIST OF ILLUSTRATIONS . .+ . « « « = - =« * * ° ° 7 U 5 |

LIST OF TABLES . . . « « + = = = o v = =m0 0 SRR & ¢

ACENOWLEDGEMENTS . . . .« - « » = « « = 0 = 0 e e e e e . X

ABSTRACT  « « o o o o o o v e s o mm s st nnd A S 4

INTRODUCTION « . o o & o v s v s oo ms e m o nn o F O
General

Purpose of Study
Tectonic History and Early Basin Development
Previocus Work

METHOD OF STUDY . . . . « « « - « + ¢ = = = " " 7 R, £
STRATIGRAPHY . .« « « = = = o = v s o s m e m 0 S §

Type Section

Mechanical Log Characteristics
Areal Extent and Thickness
Structural Configuration
Underlying Units

Overlying Units

Age and Paleontology

LITHOLOGY AND SEDIMENTARY STRUCTURES . + « = + =+ = = = = = 2o 32

Introduction

Micrite

Argillaceous Micrite
Dolomicrite

Argillaceous Dolomicrite
Argillaceous Biomicrite

DEPOSITIONAL ENVIRONMENTS AND DIAGENESIS . . « » « « = = = = 69

Introduction

Environmental Interpretations
Depositional Model
Depositional History
Diagenesis

CONCLUSIONS . . . . « « v « - R LI 113

iv




APPENDICES . . . . « « « « « « ¢ ¢ « o o =

APPENDIX A. Well Locations, Legal Descriptions, Formation
Data, and Kelly Bushing Elevations ..

APPENDIX B. Core and Thin Section Descriptions

REFERENCES CITED . . . . . . « « « « « .« -

115

116

151

179




-~
.

L.

i~
.

LIST OF ILLUSTRATIONS

Figure

Illustration of the log from North Dakota Geological
Survey (NDGS) well number 793. This is the standard
subsurface section for the Three Forks Formation

Isopach map of the Three Forks Formation in North Dakota .

Significant subsurface structures in the Williston
Basin, North Dakota .

Chart of nomenclature and correlation of strata names as
used in text . . . . . . 4 v e e e e e e e e e

Location of Three Forks cores

Structural map on the top of the Three Forks Formation in
North Dakota

Cross-sections of the Three Forks Formation in North
Dakota

Anhydrite structural types

A) Nodular anhydrite in arglllaceous dolomlcrlte

B) Distorted nodular anhydrite in argillaceous dolomicrite

C) Bedded nodular anhydrite in argillaceous dolomicrite

D) Distorted bedded nodular anhydrite in argillaceous
dolomicrite . ..

E) Distorted nodular mosaic anhydrlte in arglllaceous
dolomicrite

Mottled structure in argillaceous micrite lithofacies

Water escape and cryptalgal structures in argillaceous
micrite lithofacies

Micro-faulting in argillaceocus micrite lithofacies

Stylolites preducing intraclasts, and nodular and
disseminated pyrite in dolomicrite lithofacies

Photomicrograph of Bakken-Three Forks contact in dolomicrite
lithofacies in polarized light

Pthomicrograph of Bakken-Three Forks contact in dolomicrite
lithofacies in plane polarized light

vi

11

20

. 26

. 28

35

37

. 41

. 41

. 43

. 46

. 48

. 48




15. Cross-stratification in argillaceous dolomicrite
lithofacies . . . . . . « « « « + « « v v « v« s v 4 e . .o . 50

16. Mudcracks in argillaceous dolomicrite lithofacies . . . . . . . 52

17. Presumed storm deposit in argillaceous dolomicrite
lithofacies . . . . . . . « . + .+« 4 0 4 o 0« 4 . . . . . . 52

18. Gradationmal ceolor change im argillacecus dolomicrite
lithofacies . . . . . . . . . . . . .« . . o .. < ... .55

13. Photomicrograph of quartz replacement followed by calcite
replacement in argillaceous dolomicrite lithofacies . . . . . . 57

23, Photomicrograph of calcite-filled ostracode in argillaceous
dolomicrite lithofacies . . . . . . . . . . « . « . . < . . . .57

21. Photomicrograph of sucrosic dolomite in argillaceous
dolomicrite lithofacies . . . . . . . . . . . « . . . « + .+ . .59

22. Photomicrograph of glauconite and quartz grains in
sucrosic dolomite in argillaceous delomicrite lithofacies . . . 59

23. Geopetal infill in brachiopod shell in argillaceous
biomicrite lithofacies . . . . . . . . .« « .+ « o . . . . .61

24. Photomicrograph of crinoid ossicle in argillaceous
"biomicrite lithefacies . . . . . . . ., . . . . . . . . . .. .61

25. Photomicrograph of brachiopod fragment infilled with
micrite in argillaceous biomicrite lithofacies . . . . . . . . 63

26. Photomicrograph of bryozoans showing compaction in
argillaceous biomicrite lithofacies . . . . . . . . . . . . . . 63

27. Photomicrograph of shelter porosity, now infilled with
calcite in argillaceous biomicrite lithofacies . . . . . . . . 65

28. Photomicrograph of compaction features in argillaceous
biomicrite lithofacdes . . . . . . . . « « . . « . < .« . .65

29, Photomicrograph of pseudospar being replaced by chalcedony

in argillaceous biomicrite lithofacies . . . . . . . . . . . . 68
30, Photomicrograph of recrystallized brachiopod fragments in

argillacecus biomicrite lithofacies . . . . . . + + « « . . . . 68
3.. Mechanical energy in an epeiric sea and resultant

sedimentary facies . . . . « 4 4 v 4 4 4 e s e e e e e ... . 89

i . .

32. Depositional model for Three Forks Formation . . . . . . . . . . 92
33

+ Seaward connection of the Williston Basin to the Cordilleran
Geosyncline through the Central Montana Trough . . . . . . . . 99




3%, Comparison of Irwins model for the distribution of
environmental zones in epeiric seas to the Three
Forks model . . . . . . . « . « « v « + . o . .

35. Position of palecequator and direction of trade winds
during the Upper Devonian . . . . . . . . . . . .

102

107




LIST OF TABLES
Table
L. Criteria indicative of supralittoral environments . . . . . . . 82

&, Criteria indicative of littoral environments . . . . . . . . . . 84

0

3. Criteria indicative of sublittoral environments . . . . . . . . 86




ACKNOWLEDGEMENTS

Z would like to thank my committee chairman, Dr. Richard D.
LeFever, for patiently giving his time and assistance throughout this
study To Dr. Howard J. Fischer and Dr. Kenneth L. Harris who
critically read the manuscript and gave opinions in their areas of
expertise. Mr. Sidney B. Anderson is acknowledged for suggesting the
thesis topic and for his assistance with well log correlations. The
North Dakota Geclogical Survey gave me access to the cores and logs used
in th-s project, and also provided research funding. I acknowledge the
Department of Geology, University of North Dakota, for providing funding
during this project and the research facilities.

© wish to thank my fellow graduate students, especially Charles
LoBue, Nancy Perrin, and Fredrick Lobdell for sharing their geologic
expert:ise.

7 would like to thank my family for their encouragement and
support. I am grateful to Fr. James R. Ermer for providing me office
space at the Newman Center, for being a good listener, and a constant
guiding light. Finally, I am very thankful to all the Sisters of Mary
of the Presentation, in particular, Sr. Anne Germaine, who opened their
home =0 me, allowed me to grow and to be free, and whose love,

friendship, and faith were a constant source of strength. To all these

people go my sincerest thanks.

W

. —— ot . o —— MW W W




Life can only be understood backward,

but mast be lived forward.

Soren Kierkegaard




ABSTRACT

The Three Forks Formation (Upper Devonian) is present in the
subsurface in the western two-thirds of North Dakota and is generally
conformable with the underlying Birdbear Formation and the overlying
Bakken Formation. The Three Forks attains a maximum thickness of 265
feet (81 meters) in the central basin, east and south of the Nesson
Anticline, and thins to an erosional edge in eastern North Dakota.

The Three Forks is composed of micrite and dolomicrite, which may
be fecssiliferous and argillaceous. From the study of core samples and

detailed petrographic analysis of thin sections, five lithofacies were

recognized and their extent determinmed. These lithofacies are: micrite,
argillaceous micrite, dolomicrite, argillaceous dolomicrite, and
argillaceous biomicrite. Major criteria used in categorization of each
lithcfacies were fossil biota, sedimentary structures, and other
lithclogic features.

Sedimentation of the Three Forks Formation occurred in an epeiric
sea setting. The five lithofacies represent deposition in
supralittoral, littoral, and low-energy sublittoral environments. These
environments were formed approximately parallel to the periphery of the

basin. Of the three energy zones depicted for an epeiric sea

depositional setting, the Three Forks is interpreted to have been

deposited solely within the most landward, lowest energy zone.
Extreme sea level fluctuations and resultant progradations are

responsible for the widespread distribution of argillaceous material,

Al ; .
lochthonous material was distributed by wind-generated waves and

Tre . ;
Nts. Repeated tramsgressions and regressions caused the lateral



migrztion of enviromments and produced the complex mosaic of
litheofacies.

Major diagenetic features within the Three Forks include
dolonitization, anhydritization, and calcite recrystallization
(neoxrorphism). Dolomitization is best accounted for by the evaporative
pumping model, which may also have been responsible for anhydrite
formation in the supralittoral environment. Eight structural types of
anhydrite are present in those rocks interpreted as being deposited in
an arid, supralittoral enviromment. These structural types are:
nodular, distorted nodular, bedded nodular, distorted bedded nodular,

distorted nodular mosaic, bedded nodular mosaic, distorted mosaic, and

bedded massive. Calcite recrystallization involves microspar and

pseudospar formation.




INTRODUCTION

General

The Upper Devonian Three Forks Formatiom is present in the
Williston Basin in North Dakota, and in adjacent parts of Montana,
Wyoming, South Dakota, and Canada. The interval between the depths of
10,276 feet to 10,310 feet in the Mobil Producing Company No. 1 Birdbear
Well (SE1/4 NE1/4, sec. 22, T. 149 N., R. 91 W., Dunn County, North
Dakota) has been designated the standard subsurface section of the Three
Forks Formation in the Williston Basin (Figure 1; North Dakota
Geo.ogical Society, 1961). At this locality, it includes the strata
between the Birdbear Formation and the Bakken Formation.

The Three Forks Formation consists of interbedded greenish-gray and
reddish-brown micrite and dolomicrite with anhydrite nodules scattered
thrcughout and subordinate amounts of biomicrite. Attaining a maximum
thickness of approximately 265 feet (81 meters) in western North Dakota,
the Three Forks Formation thins to zero along its erosionmal edge on the
eastern margin of the basin (NDGS, 1961). It is thickest in the central
Williston Basin, east and south of the Nesson Anticline (Figure 2;
Sandberg, 1961).

Although the "Sanish Sand", locally present at the top of the Three
Forks along the Nesson Anticline in McKenzie County, is important as an

01l producer, no comprehensive study has been done on this formation in

the state.




Figure 1. 1Illustration of the Log from North Dakota Geological
Survey (NDGS) well number 793. This is the standard subsurface section
for the Three Forks Formation.
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Purpose of Study

The purpose of this study is: 1) to delineate the stratigraphic
unit; 2) to interpret the depositional environments during Three Forks
time; and 3) to construct a depositional model based on interpretations

which are the results of a core and thin section study.

Tectonic History and Early Basin Development

The Williston Basin is a structural and sedimentary basin extending
over 51,600 square miles (133,600 square kilometers) in North Dakota,
South Dakota, Montana, Saskatchewan, and Manitoba (Carlson and Anderson,
1966). Sedimentary rock thickness is greater than 15,000 feet (4,600
meters) and represents every geologic period of Phanerozoic time. Since
every sequence (i.e., the intracratonic sequences of Sloss, 1963) is
represented in the Williston Basin, the history of the preserved
sedimentary rock section can be conveniently subdivided baséd on major
regional unconformities (Carlson and Anderson, 1966).

An intracratonic basin, the Williston Basin forms a large
depression in the western edge of the Canadian Shield (Gerhard et al.,
1982, p. 990). Basin development may have been influenced by the north-
south-trending Precambrian Superior and Churchill Geologic Province
boundary that extends through central North Dakota into Manitoba
(Ballard, 1963). This boundary delineates the hinge line for the
eastern part of the Williston Basin (Figure 2).

Structural features in the North Dakota portion of the Williston

Basin consist of several anticlines including the Cedar Creek and

Ne . saq s . .
Sson, the Bismarck-Williston Lineament, and several minor structures
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7
such as the Burleigh and Cavalier Highs (Figure 3; Gerhard et al.,

1982). Structures in the basin may be the result of movement of
pasement blocks which were structurally defined in Precambrian time and
since then ave influenced sedimentation rates (Gerhard et al., 1982, p.
593).

The Williston Basin was not present during Early Paleczoic time,
but rather zxisted as an indentation in the north part of the western
cratonic sh2lf (Gerhard et al., 1982, p. 999). During the Early
Ordovician, the basin began to subside, causing a major transgressive
event which was eventually broken during the Devonian by uplift. This
uplift, which was due to mevement along the Transcontinental Arch,
caused the Williston Basin to tilt northward, connecting it to the Elk
Point Basin (Berhard et al., 1982, p. 1003}, During this time,
depositional environments were predominantly shallow marine. Subtidal

and intertidal environments develcped in the basin center, with sabkha

deposits present along the basin margin (Gerhard et al., 1982, p. 989).

Previous Work

Originally described by Peale (1893) for exposures at its type
section in Logan, Montana, the Three Forks derives its name from the
Junction of the three forks of the Missouri River near Three Forks,
Montana. 1In Montana, the Three Forks Formation includes the strata
between the underlying Jefferson Limestone and the overlying Madison
Limestone (Figure 4; North Dakota Geological Society, 1961; Sandberg and

Hammond, 1958). The type section is considered to be the north side of

th . .
¢ Gallatin River at Logan, Montana (Sloss and Laird, 1947). Peale
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Figure 3. Significant subsurface structures in the Williston Basin,
North Dakota (Modified after Gerhard et al., 1982).
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originally described the Three Forks Formation as consisting, from

bottom to top, of gray and green argillaceous dolomite, gray-green
shale, and yellow-gray calcareous sandstone (North Dakota Geological
Society, 1961).

Berry (1943, pp. 14-1€) separated the uppermost unit from the Three
Forks and named it the Sappington Sandstone. Berry assigned a
Mississippian age to the Sappington based on the presence of

Syringothyris. Sandberg and Hammond (1958, p. 2322) considered the

Sappingteon to be a member of the Three Forks Formation and assigned it a
Late Devonian and Early Mississippian age. The specific locality and
type section for the Sappington Member was given by Holland (1952).

The Three Forks Formation in Montana was divided into three lithic
divisions by McMannis (1962) and Sandberg (1962). These are a lower
evaporitic member, a midile shale member, and an upper sandstone member
(Benson, 1966). Eventually, these units were formally named (in
ascending order) as the Logan Gulch, Trident, and Sappington Members
(Sandberg, 1965). In 1952, Rau proposed the member names of London
Hills (replacing the Logan Gulch) and Horseshoe Hills (replacing the
Trident), while retaining the Sappington Member name. Rau's member
Dames are equivalent to :those presently used, but it is not known
whether Rau ever formally proposed his selection of names. Jointly
these members attain a maximum thickness of about 800 feet (244 meters)
in northwestern Montana (Sandberg and Mapel, 1967).

Each member was deposited under different environmental conditions
(Sandberg’ 1965). The restricted marine Logan Gulch Member represents

an e ; .
astward facies change from evaporites to carbonates to nearshore
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It is generally conformable with the underlying

detrital rocks.

Jefferson Limestone. Commonly conformable with the lower member, the
green shales of the open marine Trident Member change facies eastward to
carbonates. The Sappington Member, separated from the Trident by a

widespread disconformity, is largely a regressive marginal marine unit
(Sandberg, 1965; Benson, 1966).

Since the Sappington lies between well-established Devonian rocks
below and Mississippian rocks above, there are differences of opinion
concerning the systematic boundary (Gutschick, McLane, and Rodriquez,
1976). Robinson (1953) supported a dual age for the Sappington based on
fossil collections. More recent collections suggest that only the
uppermost beds are of Mississippian age (Sandberg, 1965).

Additional workars, such as Christopher {1961} and Rau (1962)
retained the Sappington as a member of the Three Forks. Gutschick,
Suttner, and Switek (1962) and McMannis (1962) continued to consider the
Sappington as a separate formation.

The exact placenent of the Devonian-Mississippian boundary in
Ssouthwestern Montana has been recognized and thoroughly discussed since
Peale's original work in 1893 (Robinson, 1963). As Robinson (1963, p.
34) stated, concerning the "Sappington Problem", questions on the age of
1 8 formation usually arise from a shortage of paleontologic evidence, but
in the case of the Three Forks, the age problem stems from an
OVerabundance of fossils.

Using measured sections and wells, the Sappington Member has been
found to pe equivalent with the subsurface Exshaw Shale in Alberta. The

Exs : .
haw, in turn, is equivalent to the lower black shale and middle
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giltstone units of the Bakken Formation. Thus the basal part of the

Sappington is a correlative of the Bakken Formation in the Williston

Basin (Sandberg, 1963).

In a biostratigraphic study (Sandberg and Poole, 1977), twenty-
seven conodont zones were recognized worldwide in the Late Devonian.
The distribution of these conodont zones have been used to interpret
depositional environments, and to indicate paleogeography,
paleotectonism, and sedimentation rates. No evidence to date has been
found to support a Mississippian age for the uppermost units of the
Sappington Member, and the age of the Sappington Member is ccnsidered to
be Late Devonian and Early Mississippian (?) (Sandberg and Poole, 1977).

The name Three Forks was extended into the Williston Basin by
Sandberg and Hammond (1958) and includes all strata between the
’underlying Birdbear Formation and the overlying Bakken Formation. As
stated previously, the interval in the Mobil Birdbear Well is considered
' to be the standard subsurface section of the Three Forks Formation in
~the Williston Basin with an approximate thickness of 265 feet (81
Meters). At this locality, the Three Forks consists of interbedded and
;interlaminated grayish-green and reddish~brown micrite and dolomicrite.
Many structural varieties of anhydrite are present throughout the
Section, as well as minor amounts of biomicrite.
In general, fossils are rare in the Three Forks in the subsurface.
:Thg Upper ten feet (3 meters) in the standard subsurface section may

Contain é@EQEQElié sp and Camarotoechia sp (Sandberg and Hammond, 1958).

At j
its type section, brachiopods, pelecypods, ammonocids, bryozoans, and

Ulariids have besn identified (Peale, 1893).
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Locally present along the Nesson Anticline is a coarse-grained

siltstone to fine-grained sandstone unit which has, in informal
williston Basin subsurface terminology, been referred to as the Sanish
Sand (Kume, 1963). 0il production in the Three Forks is due toc temsion~
fracture systems in the Sanish Sand (Murray, 1968).

In 1942, Kline first reported the occurrence of Devonian rocks in
northeastern North Dakota. Since the relationships of these rocks were
poorly known, no formation names were applied at that time. The
Devonian age assignment was dependent upon comparison of rock samples
from wells drilled in North Dagkota to known Devonian rocks in Manitoba.

The anhydritic character of the lower part of the Three Forks may
be due to an eastward-extending tongue of the Potlatch Anhydrite present
in northwestern Montana (North Dakota Geological Society, 1961; Sandberg
and Hammond, 1958). To the east, the distinctive lithology of the @, ;ﬁ

central basin grades into red dolomitic and anhydritic shale and

PR

GR fy WR
iR

_ siltstone, which was named the Lyleton Formation (Allan and Kerr, 1950).

-
i

E

Spanning the upper Birdbear into the lower Three Forks Formation,
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“the anhydritic facies reflects deposition in a restricted evaporitic
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- environment. The main evaporitic body is the Potlatch Anhydrite. The
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| UPper Three Forks represents deposition in a shallow sea under
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fluctuating normal marirne and restricted marine conditions. The redbed

facies, on the eastern margin, suggests deposition in a nearshore
- ®QVironment (North Dakota Geological Society, 1961). From west to east,
; vaporite deposition is replaced by clastic deposition. The redbed

faci
es to the east suggests that the environment prohibited the W

ac '
HeCumulation and preservation of anhydrite (Andrichuk, 1951).
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Bajllie (1955, p. 608) proposed the name Qu'Appelle Group to

jdentify the uppernost Devonian strata of the Williston Basin in
§askatchewan and Manitoba. In eastern Saskatchewan, Manitoba, and North
pakota, the Qu'Appelle Group consists of a single formation, the Lyleton
(Baillie, 1953). The Lyleton Formation, as used in North Dakota, refers
to the redbed facies present on the eastern margin of the Williston
Basin. The Qu'Appelle Group, the Lyleton Formation, and the Three Forks
Formation have all been applied to the same stratigraphic unit in the
Williston Basin (North Dakota Geological Society, 1961). The Lyleton
Formation has never been formally proposed nor adequately defined in
terms of contacts and type locality. Due to its equivalence to the
Three Forks Formation, Sandberg and Hammond (1958) recommended that the
term Lyleton be disregarded.

Time equivalent to the Three Forks Formation in Montana and North
Dakota is the Wabsmun Group in Alberta (Andrichuk, 1951) and the

Qu'Appelle Group in eastern Saskatchewan and Manitoba (Kents, 1959).

;Belyea (1955) has studied the stratigraphy and prepared cross-sections

of the Devonian formations in Alberta.
The Wabamun Group is subdivided into the Stettler Formation and the
. Big Valley Format:on. In western Saskatchewan, the Three Forks
Formation consists of the Stettler and Big Valley Members which are
8pproximately conf:inuous with those formations which bear the same name
4n Alberta (Kents, 1959). The Stettler Formation is equivalent to the

Potlatch Evaporite in Montana. Conformably overlying the Stettler is

She Big Valley Formation.
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In southern Saskatchewan, the Three Forks is given group status by

hristopher (1962). Christopher's subdivisions are, from bottom to top,
he Torquay, Big Valley, and Bakken Formations. The Torquay Formation
s equivalent to the Potlatch Evaporite and the Stettler Formation and
lember. The inclusion of the Bakken Formation is based on its

.orrelation to Peale's "upper shales" and the Sappington Sandstone of
jerry (Christopher, 13962).
There is little indication of an unconformity between the lower
shale member of the Bakken and the underlying Three Forks in the deeper
sarts of the Willistoa Basin (Fuller, 1956). In eastern Saskatchewan
and western Manitoba, the middle arenaceous member of the Bakken rests
>n the eroded surface of the Qu'Appelle Group (Fuller, 1956). After
deposition of the Big Valley Member, a period of uplift and erosion R

sccurred. This is indicated by the presence of a pebble bed which

intervenes between the base of the Bakken and the underlying unit T

(Fuller, 1956; Kents, 1959; Fuller and Porter, 1962). This pebble zone Y
s not present, however, in southern Saskatchewan, where the Big Valley
and Bakken interfinger (Christopher, 1962).

The term Three Forks is preferable for several reasons: 1) Since

1951 when 0il was discovered in the Williston Basin, the name Three

& rmo

Forks has\been in use; 2) The Three Forks Formation has been traced

sy s

from outcrops at its type section in Montana into the subsurface of the

Eilliston Basin by Sendberg and Hammond; and 3) The Three Forks
formatiog, having been described from core chips at its standard

8 L
ubsurface section, has been formally established in the basin (North

Pakota Geological Society, 1961).
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METHOD OF STUDY

The area of study was confined to the state of North Dakota. The

. pajor source of lithologic data came from cores housed at the Wilson M.
:Laird Core and Sample Library of the North Dakota Geoclogical Survey,
@rand Fo¥ks. Core distribution used in this study is shown in Figure 5.
Cores were slabbed, lithology described, and thin sections made
: wherever lithology or stratification changed. A 10% sclution of HC1 was
used to denote the presence of dolomite in core slabs by its lack of
affervescence. In thin section, dolomite was distinguished from calcite
by staining in a solution of Alizarin red S as described by Friedman
(1971). TFolk’s (1959) carbonate classification scheme was used for rock
- pames, the system of Maiklem et al. (1969) was used for anhydrite forms,
and the rock color chart developed by Goddard et al. (1948) was
utilized for indicating the color of core slabs.
Formation contact picks were compiled from gamma-ray, well logs,
which are on file with the North Dakota Geological Survey. From the
data collected, isopach and structure maps were generated to indicate
the extent, thickness, and structure of the Three Forks Formation. Well

Jogs were also used in constructing cross-sections acress varicus areas
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Figure 5. Location of Three Forks cores.
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STRATIGRAPHY

Type Section

In accordance with the work of Sandberg and Hammond (1958), the
tandard subsurface type section of the Three Forks Formation occurs in
the Mobil Producing Company No. 1 Birdbear Well located in SE1/4 NW1/4,
: c. 22, T. 149 N., R. 91 W., Dunn County, North Dakota, between the
epths of 10,076 and 10,310 feet. At this locality, core descriptions
yere based on detailed microscopic examination of chips whenever a major
bithologic change occurred. Sandberg and Hammond (1958) based their
ore descriptions on a clastic classification scheme. Since this
riginal description, the Three Forks Formation has continued to be
egcribed as interbedded and interlaminated greenish-gray and grayish-
d dolomitic siltstone and shale. In this study, however, a carbonate

rminology was found to be more appropriate.

Mechanical Log Characteristics

Data on the extent, thickness, and structure of the Three Forks
ermation were compiled from a study involving approximately 400 well
8s. Wherever possible, gamma-ray, well logs were used in making
ermation contact picks, because the greater deflection of the gamma ray
- shales is easily differentiated from the lesser deflection in
mestones, as in the Birdbear Formation. In some instances, electric

d sonic well logs were utilized when no gamma ray logs were available.
Pilation of data was based'on a density of one well log per township.
‘certain areas, such as along the Nesson Anticline and in the

omalous area in the northeastern part of the state (Figure 2),
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thickness and structure changes warranted tighter control and thus two

or three logs were used in each township.

The unique log response in this part of the Paleozoic rock section
ijn the Williston Basin is that shown by the shales of the Bakken
Formation. These shales display such high gamma ray responses that this
formation is widely used as a marker unit in the basin (Figure 1). Due
to these "hot" shale kicks, the contact between the Bakken and Three
Forks Formations can be readily recognized. The lower contact with the
Birdbear Formation is chosen where the gamma ray response becomes
"quiet" and the resistivity readings are high. The Three Forks
Formation produces a very low resistivity reading and a variable gamma
ray response. Higher gamma ray readings occur in those areas where
there is an increase in argillaceous content.

Fuller (1956), while working on cross-sections of the Qu'Appelle
Group in southeastern Saskatchewan, found that it was composed cf three
sedimentary cycles. Each cycle begins with iron-stained dolomitic
siltstones and, with increasing argillaceous content, terminates in
radioactive red shales. These cycles can be clearly seen on gamma-ray,
well logs (Figure 1). This writer found that it was possible, in North
Dakota, to delineate four cycles rather than three. It may be that the
uppermost cycle (D) is absent in Fuller's study area due to erosion or
non-deposition.

It was found in studying core, especially in the subsurface type
section (NDGS Weli 793), that the four cycles so readily visible on the
well logs are not evident in the rock section. These cycles cannot be

thought cf as representing different rock types or alternating rock
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types, as the majority of the Three Forks consists of micrite and
dolomicrize. Argillaceous content does vary throughout the section, but
this is noticeable only in thin section. The advantage of subdividing
the Three Forks into four members (A-D) is to indicate the truncation of
the units along the flanks of the basin and the angular unconformity

that occurs where the overlying Bakken is eroded.

Areal Extent and Thickness

In the North Dakota portion of the Williston Basin, the Three Forks

Formation reaches a maximum thickness of approximately 265 feet (81

; meters). It is thickest in the central basin, east and south of the
Nesson Anticline, and thins to zero along the eastern and southwestern

g flanks of the basin (Figure 2). An abnormal thickening of the Three

; Forks occurs in Bottineau County. This large increase in thickness is
probably due to solution and subsequent collapse of salts and evaporites
in the Middle Devonian Prairie Formation. In structurally lower areas,
such as this collapsed zone, the Three Forks should be thicker,and
correspondingly, should be thinner over structurally high areas which
were active during the time of depositionm.

The Cedar Creek Anticline is the most significant feature affecting
formation thickness. As the anticline is approached, a thinning of the
formation sccurs (Figure 2). In general, the Nesson Anticline had
little effact on deposition, since only minor thinning of the Three
Forks .occurs in this area. The one effect of the Nesson Anticline on
the formation is the area of thickness on its eastern flank. Other

areas of thickening may be due to erosion of the Birdbear or the result

of further salt collapse in the Prairie Formation. The thickening in
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gtark County cannot be explained by salt collapse since the limit of

galt deposition lies to the north. As indicated on the isopach map, the
depocenter of the Three Forks is poerly develeoped and extends over much
of west-central Nerth Dakota. Dunn, McKenzie, and Mountrail Counties
are the areas of greatest accumulatien.

On the isopachous map (Figure 2), a long arcuate area of thinning
extends along the eastern margin of the basin. Sandberg (1961, p. 122)
suggested this rerresents a buried anticline or possibly a Late Devonian
hinge line. The west side of this area delineates the zero edge of the
Three Forks, while the east side is the limit of the Birdbear Formation.
The preservation of the Birdbear may be due to a syncline paralleling

the anticlinal feature (Sandberg, 1961). The isopach map alsc shows the

effects of channe’ . ling in the northeastern part of the state. One major
channel and one m:nor one have removed approximately 30-40 feet (9-12

s

meters) of the Thiee Forks.

Structural Configuration

The structure contour map (Figure 6) on the top of the Three Forks
AFormation clearly indicates the geometry of the basin and the Nesson and
Cedar Creek Anticlines. The deepest section of the basin is located in
ARorthern McKenzie County, just west of the Nesson Anticline, while the
hallowest is in Rolette and Towner Counties.

The absence of the Three Forks Formation over the Cedar Creek
ticline may be due to pre~Mississippian erosion or non-deposition
Figure 2). Along the Nesson Anticline, thinning and absence of beds at
1€ top of the Three Forks indicates that thinning was both erosional

depositional (Sandberg, 1961; Figure 7).
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gure 6. Structural map on the top of the Three Forks Formation in . sg
Dakota.
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Underlying Units

In North Dakota, the Three Forks Formation is everywhere underlain
by the Birdbear Formation. Consisting of fossiliferous limestone and
dolomitic limestone, the Birdbear Formation is approximately 120 feet
(37 meters) thick. The contact between the Three Forks and Birdbear is
general.y conformable in the deeper portions of the basin and becomes
ynconformable nearing the basin flanks. The Three Forks is less
widespread than the Birdbear, and probably experienced more intense
erosion due to its stratigraphic position.

The relationship between the Birdbear and Three Forks is best seen
on the well log cross-sections (Figure 7). The structural attitude of
the members of the Three Forks parallels that of the Birdbear. Due to
this paralleling of attitudes, a conformable contact with the Birdbear
is infer:red. Along the flanks of the basin, the Three Forks rests
unconfornably on the erosional edge of the Birdbear. The contact with
the Birdbear can only be inferred from well logs, since no contact was

ever found in the seventeen cores which were used in this study.

Overlying Units

Within the study area, the Bakken Formation of Late Devonian and
Early Mississippian age is everywhere underlain by the Three Forks
Formation. The Bakken consists of two radiocactive black shale becs
separated by a fine-grained sandstone. The contact between the Bakken
and Three Forks is conformable in the deeper portions of the basin and
unconformable on the basin flanks as seen on well logs {Figure 7).
8ince the Bakken is less widespread than the Three Forks, the Lodgepole

Limestone of the Madison Group (Mississippian) unconformably overlies
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Devonian rocks. As with the Birdbear, the Bakken also has a structural

attitude parallel to the members of the Three Forks, and thus again a
conformable zontact is inferred.

The Thrze Forks-Bakken contact can be observed in a core taken from
% é the deeper portion of the basin (NDGS Well No. 9351). A probable
unconformity is indicated by the presence of small light brown to beige
intraclasts and lag deposits of fossil debris occurring at the contact.
The contact (s undulatory, perhaps due to soft-sediment deformation.
Along the Nesson Anticline, the Bakken overlies a coarse-grained

siltstone which has been informally referred to by workers in the

Williston Basin as the "Sanish Sand”. Kume (1963) states that the
erratic occurrence of the Sanish Sand might be indicative of beach sand

deposits or shallew water sand bars.

Age and Paleontology

In the l.ogan, Montana area, the Three Forks Formation is considered

to be Late Devonian and Early Mississippian in age. This age assignment

was determined by studies of fossil fauna, specifically, brachiopods,
mollusks, bryozoans, and conulariids, by Berry (1943), Sandberg and
Hammond (1958), Robinson (1963), and Sandberg (1965). Fossils
indicating an Early Mississippian age are found mainly in the Sappington
Sandstone Member (Sandberg and Hammond, 1958). Other workers (Sloss and
Laird, 1947; Peale, 1893; Raymond, 1909) have included this sandstone
member in the lower shale member of the Three Forks. In a more recent
study, Sandberg and Poole (1977) used conodonts to give an age
designation of Late Devonian and Mississippian (?) to the uppermost

units of the Sappington Member.
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The Three Forks in the Williston Basin is assigned to the Upper

Devonian since the age of the Bakken Formation and its surface
equivalent, the Sappington, is given as Late Devonian-Early
Mississippian. On the southern margin of the basin, the Three Forks is
overlain by beds correlated with the Early Mississippian Englewood
Limestone (Sandberg and Hammond, 1958). Where the Bakken is not present
on the eastern margin, the Three Forks is overlain by the Lodgepole
Limestone of the Madison Group of Mississippian age. Thus, in North
Dakota, the Three Forks is assigned a Late Devonian age, specifically
Famennian, due to its stratigraphic pesition between the Bakken and the
Frasnian Birdbear Formation. Fossils are rare in the Three Forks in
North Dakota, but brachiopods are present in the standard subsurface
section (Sandberg and Hammond, 1958). The Three Forks is also, in part,

equivalent to the Stettler and Big Valley Formations of the Wabamun

Group of Late Devonian age in southern Alberta.
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LITHOLOGY AND SEDIMENTARY STRUCTURES

Introduction
The majority of previous work done on the Three Forks Formation has
considered this unit to be of detrital origin. In this core study, the
use of a clastic élassification scheme did not, in itself, seem
adequate. Several rock samples were analyzed, by the use of acid baths,
to indicate the variation in clastic and carbonate quantities. Since
thin sections were used in this study, a better approximation of
micritic and argillaceous content was possible. Consequently, it was
decided to utilize a carbonate classification scheme while using clastic
modifers where appropriate.
As a result of this study, five lithofacies were found to
adequately describe the variability of the Three Forks Formation. These
are: 1) micrite; 2) argillaceous micrite; 3) dolomicrite; 4)
argillaceous dolomicrite; and 5) argillaceous biomicrite. i
From the study of core samples and detailed petrographic analysis
of thin secticns (see Appendix B), each lithofacies was recognized and
its extent determined. Each lithofacies was distinguished by various
criteria. Major criteria used in categorization were fossil biota, non- K
skeletal particles, calcareous or dolomitic content, and terrigenous or ot
argillaceous content. :
This study utilized both core and thin sections, and consequently
Folk's (1959) carbonate classification scheme best represented both
description types. The term micrite describes those rocks which consist
of microcrystalline calcite and contain less than 1% allochems.

Dolomicrite refers to those rocks which consist of microcrystalline
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dolomite and again, contain less than 1% allochems. Argillaceocus

micrite and crgillaceous dolomicrite describe the microcrystalline
calcite and colomite rocks which contain clays. Argillaceous biomicrite
is used to describe those rocks which contain varying amounts of fossil
material. Tre term argillaceous is used wherever clay is present, and
is not intenced to describe the abundance of this material.

The vertical succession of lithofacies is similar from one core to
another. Throughout the study area, however, the Three Forks exhibits
extreme lateral and vertical variability, thus making correlation within
the formatior. a difficult process. In general, the dolomicrite and
argillaceous dolomicrite are the most widespread and abundant facies
throughout tle study area. These are followed, in abundance, by the
argillaceous micrite and micrite facies. The argillaceous biomicrite
facies is present only in eastern McKenzie, northwestern Dunn, and
southwestern Mountrail Counties. Only in NDGS Well 793 in Dunn County
is the entire Three Forks cored, although the upper and lower contacts
were not reccvered. No contact with the Birdbear Formation was ever
located, and the only upper contact with the Bakken Formation is in NDGS
Well 9351 in Billings County.

Anhydrite is a very common comnstituent in the Three Forks Formation
and occurs ir a variety of forms. Structural types of anhydrite are
based on the classification introduced by Maiklem et al. (1969). A
total of eight structural types are present in these rocks. These are:
1) nodular; ) distorted nodular; 3) bedded nodular; 4) distorted bedded
nodular; 5) cistorted nodular mosaic; 6) bedded nodular mosaic; 7)
distorted mosaic; and 8) bedded massive. Figure 8 illustrates five of

the most prominent structural types.

LT
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Figure 8. Anhydrite structural types. A) Nodular anhydrite in
argillaceous dolomicrite. Core slab 793-10238. B) Distorted nodular
anhydrite in argillaceocus dolomicrite. Core slab 793-10243. C) Bedded
nodular anhydri:ze in argillaceous dolomicrite. Core slab 793-10211.







Figure 8. {Continued) Anhydrite structural types. D) Distorted
bedded nodular snhydrite in argillaceous dolomicrite. Core slab

793-10243. E) Listorted nodular mosaic anhydrite in argillaceous
dolomicrite. Ccre slab 793-10248.
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The anhydrite nodules range from 2-56 mm in longest dimension, with
the average size being 15-17 mm. The color of the nodules varies from
white to reddish-orange, though pale orange is the most common. In thin
gection, the anhydrite nodules are composed of blocky, felted, or lath-
shaped crystals. Stringers of dark carbonate or clay can be found

within or surrounding the nodules, producing a "chicken-wire" anhydrite.

Micrite

Rocks of the micrite lithofacies range in color from grayish-green
to pale yellowish-brown. These rocks are usually interbedded, with the
pale yellowish-brown showing either laminations or cross-laminations.
Brecciation is a common feature which is, in part, responsible for
producing irtraclasts. Some micro-faults are also present.

Laminations vary from 1-2 mm in width, while entire beds range from
1.5-2.5 cm in thickness, though 7~-cm-thick c¢ross-laminated units are
common also. Intraclasts are found associated with water escape
structures, which may be responsible for occurrences of micro-faulting.

Minor features in this facies are burrowing and the presence of
anhydrite and pyrite. Burrows are most obvious in thin section and are
infilled with quartz grains and muddy sediments. In several instances
where burrows have terminated, stylolites have formed. Anhydrite is
rare and is of the distorted nodular variety (0.7-2.5 cm). It also
forms in 1 mn long nodules and more closely resembles birds-eye dolomite

than aphydrite.
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Argillaceous Micrite

Argillaceous micrite varies in coler from yellowish green, dark
yellowish to dusky brown, or olive to dark gray. Structurally, this
facies is very s:milar to the micrite facies. In addition to
interbedded and cross-laminated units, this facies is highly mottled
(Figure 9) and displays cryptalgal laminations (Figure 10). In NDGS
Wwell 793, sedimerts rich in intraclasts and clays have accumulated in
deposits 20 feet (6 meters) thick.

Laminations are approximately 1 mm thick, with entire beds ranging
in thickness from 0.5-1.0 cm. Clays and pyrite grains also contribute
to the distinctness of laminations. Cross-laminated units may be as
thick as 9 cm. Intraclasts are a common allochem and vary in size from
0.5-2.5 cm.

Secondary features are anhydrite, micro-faulting, and water escape
structures (Fig. 10 and 11). Some structures in the Three Forks
Formation occur oaly once, for example, pattern dolomite formation,
felted, lath, and blocky anhydrite, pyrite, glauconite, and hematitic
clays are alsoc prasent. Microspar and pseudospar occur sporadically and
indicate a diagenz2tic change in micritic material.

Evidence for microspar, according to Folk (1965), is uniformity of
fine crystal size, translucent crystals, and occurs as patches in
otherwise unaltered micrite. Pseudospar evidence includes curved
intercrystalline boundaries and thus a low percentage of enfacial angles

between crystals, and impure crystals in which silt, clay, or organic

matter is trapped
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Figure 9. Mcttled structure in argillaceous micrite lithofacies.
Core slab 2967-1(329.

Figure 10. Water escape and cryptalgal structures in argillaceous
micrite lithofacies. Core slab 2967-10303.
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Figure 11. Micro-faulting in argillaceous micrite lithofacies.
Core slab 793-10207.
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Dolomicrite

Rocks of the dolomicrite lithofacies are interbedded, laminated,
and mottled, and range in color from grayish green and brown to olive
gray and pale yellowish brown. Intraclasts are the dominant allochem,
and result freom mottling and brecciation. Stylolitization was also
responsible for the formation of intraclasts (Fig. 12), which vary in
size from IZ.0-53.5 cm. Of lesser importance is micro-faulting and water
escape strictures.

Other features include pyrite, quartz silt, and calcite
replacement. TFigure 12 also illustrates two varieties of pyrite found
in this facies. Nodular pyrite ranges in size from 3-6 mm, while minute
(less than 1 mm) black pyritic grains are disseminated throughout the
rock. Quartz silt is a common constituent and in some instances has e

been replazed by calcite. At the Bakken-~Three Forks contact, the quartz

N

grain-size difference between the formations is well illustrated as in
Figures 13 and 14 which also illustrate the possible unconformable

contact between the formations.

Argillaceocus Dolomicrite

Argillaceous dolomicrite is the most common lithofacies within tﬁe S
Three Forks Formation. Color varies from grayish blue green and pale
yellowish brown to olive gray and grayish brown. Common sedimentary 3
Structures include interbedding, cross-lamination, mottling,
brecciation, and cryptalgal laminations. Other features consist of
stylolitiization which has produced intraclasts, micro-faulting caused by
anhydrite formation, water escape and tepee structures, and mudcracks

(Fig. 15 and 16).



Figure 12.
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Stylolites producing intraclasts, and nodular and

disseminated pyrite in dolomicrite lithofacies. Core slab 105-7604.
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Figure 13. Photomicrograph of Bakken-Three Forks contact in

polarized light. Quartz grains (Q). Thin Section 9351-10469.5. T
Dolomicrite lithofacies. Width of area shown in photograph is about 4 -

mm (0.16 inch). £ .‘f]
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i Figure 14. Photomicrograph of Bakken-Three Forks contact in plane :‘ T

polarized light showing conodonts (C) and quartz grains (Q). Thin - o
section 9351-1)469.5. Dolomicrite lithofacies. Width of area shown in .

photograph is about 4 mm (0.16 inch). o
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Figure 15. Cross-stratification in argillaceous dolomicrite o .
iithofacies. Core slab 607-10634. o
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Figure 16. Mudcracks in argillaceous dolomicrite lithofacies. Core

slab 793-10097.

Figure 17 Presumed storm deposit in argillaceous dolomicrite
lithofacies. Core slab 793-10165.
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This facies is unique for two reasons: 1) thick deposits of

intraclast-rich sediments (Fig. 17); and 2) it contains the eight
varieties of anhydrite structural types listed previously (Fig. 8). In
addition to cryptalgal laminations, oncolite formation has also
occurred. Common throughout the Three Forks are gradational color
changes srom reddish brown to grayish green (Fig. 18). This change is
probably diagenetic in origin, as discussed below in the section on
diagenes:s. Features visible in thin section consist of cross-
laminations accentuated by hematitic clays, microspar, quartz and
calcite replacement, sucrosic dolomite, anhydrite, glauconite, and

mudcracks (Fig. 19-22).

Argillaceous Biomicrite

The argillaceous biomicrite facies varies in color from dark brown
to mediumr to dark gray. This facies is mottled, interbedded, and
laminated. Bioturbation and to a lesser degree, stylolites are common oy
in this facies. Stylolites have produced intraclasts which vary in size .

from 0.75-2.0 cm. Large geopetal-infilled brachiopods (1 cm) are shown

<1

in Figure 23. Other large fossil fragments include echinoderms which

s

consist cf ossicles and longitudinal fragments and vary in size from 1-4
rom .

In thin section, numerous fossil fragments, stylolitization and
other compaction features, and diagenetic changes can be observed.
Fossil fragments include partially micritized crinoid ossicles,
brachiopods, bryozoans which show compaction, ostracodes, and gastropods

(Fig. 24-26). Geopetal infilling is common in the brachiopod fragments.

Both shelter porosity (Fig.27) and megascopic geopetal structures show
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lithofacies. Core slab 793-10238.
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Figure 18. Gradational color change in argillaceous dolomicrite : B
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Figure 19. Photomicrograph of quartz (Q) replacement followed by
calcite {C} replicement in polarized light. Thin section 956-10686.5.

Argillaceous dolomicrite lithofacies. Width of area shown in photograph
is about 1 mm (0.04 inch).

Figure 20. Photomicrograph of calcite-filled (C) ostracode in
polarized light. Thin section 511-8949.7. Argillaceous dolomicrite

lithofacies. Wicth of area shown in photograph is about 1 mm (0.04
inch).
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Figure 21. Photomicrograph of sucrosic dolemite in polarized light
with quartz (Q) grains. Thin section 956-10687.1. Argillaceous
dolomicrite lithofacies. Width of area shown in photograph is about 1
mm (0.04 inch).

Figure 22. Photomicrograph of glauconite (G) and quartz (() grains
in sucrosic dolomite in polarized light. Thin section 511-8949.7.
Argillaceous dolomicrite lithofacies. Width of area shown in photograph
is about 1 mnm (0.04 inch). o
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Figure 23. Ceopetal infill in brachiopod shell in argillaceous
biomicrite lithofacies. Core slab 607-10607. G

Figure 24. Fhotomicrograph of crinoid ossicle showing micritization
in polarized ligtt. Thin section 527-11287.2. Argillaceous biomjicrite Y
lithofacies. Wicth of area shown in photograph is about 4 mm (0.16 sy
inch). s
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Figure 25. Photomicrograph of brachiopod fragment infilled with
micrite in pclarized light. Thin section 527-11287. Argillaceous
biomicrite lithofacies. Width of area shown in photograph is about 4 mm

(0.16 inch)}.

Figure 2¢. Photomicrograph of bryozoans showing compaction with
stylolites ir. polarized light. Thin section 527-11287. Argillaceous
biomicrite lithofacies. Width of area shown in photograph in about 1 mm

(0.04 inch).
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Figure 27. Photomicrograph of shelter porosity, now infilled with
caleite (C), ia a brachiopod fragment in polarized light. Thin section
607-10608.2. Argillaceous biomicrite lithofacies. Width of area shown
in photograph is about 4 mm (0.16 inch).

Figure 28. Photomicrograph of compaction features; broken ostracode
(0) valves and minor realignment of fossil fragments in polarized light.
Thin section 617-10608.2. Argillaceous biomicrite lithofacies. Width
of area shown in photograph is about 2.5 mm (0.10 inch).
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calcite rz2crystallization. Broken ostracode valves and the realignment
of fossil debris attests to the fact that compaction occurred (Fig. 28).

Diagenetic occurrences are the most common in this facies and
Figures 29 and 30 display several of these features. These are: 1)
calcite recrystallization of fossil fragments; 2) recrystallization of
sparry cal.cite (micrite) to pseudospar; 3) chalcedony replacement of
fossils; and 4) calcite recrystallization of fossil fragment to

pseudospar followed by micritization.
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Figure 29. Photomicrograph showing calcite (C) recrystallization to
pseudospar which in turn is being replaced by chalcedony (Ch) in
polarized light. Thin section 1606-10965.7. Argillaceous biomicrite
lithofacies. Width of area shown in photograph is about 4 mm (0.16

inch).

Figure 30. Photomicrograph showing recrystallization of brachiopod
fragments in pclarized light. Thin section 527-11287.2. Argillaceous
biomicrite lithofacies. Width of area shown in photograph is about 4 mm

(0.16 inch).







DEPOSITIONAL ENVIRONMENTS AND DIAGENESIS

Introduction

Envirommental interpretations of the lithofacies within the Three

Forks Formation are the result of a detailed core and petrographic study

%ﬁ,? of Three Forks rocks. The facies model selected best represents the
data accumulated in this study as compared with information published on
modern and ancient carbonates. Deposition of sediments which comprise
the Three Fo:iks occurred in an epeiric sea which extended throughout
North Dakota and into surrounding areas. In the past, shallow seas

covered much of the continental interiors (Hallam, 1981, p. 90). Since

no epeiric seas exist today, marginal marine settings are used as the

standard in :nterpreting data, even though these environments may have

been very different. ‘ i
The most obvious difference between epeiric and marginal seas is R

dimension, and hence facies extent. Epeiric seas had dimensions of an

;’ f entirely different order of magnitude; Shaw (1964, p. 4) stated that

epeiric seas had an extent which was some multiple of that found in
marginal seas. TFrom the foregoing statement, it would be reasonable to E
assume that rocks of the same sedimentary type would be deposited over o

vast areas. Consequently, facies within epeiric seas would not only be

of great arezl extent, but would develop in broad lateral bands (Shaw,

1964, p. 13).

Another dissimilarity between epeiric and marginal seas is the
difference ir bottom slope. Shaw (1964, p. 5) in assuming that epeiric
sea depths of the past reached 90 feet (27 meters) over thousands of

square miles (thousands of square kilometers), calculates the average

69
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slope woulc range from 0.1 to 0.3 feet per mile (0.02 to 0.06 meters per
kilometer). These values range well below those of marginal seas which
are 2 to 10 feet per mile (0.4 to 2.0 meters per kilometer). The
steepuess of the slope of the bottom surface thus limits the water
depth. Because of low overall bottom slopes envisioned for epeiric
seas, even small irregularities in topography would have
disproportionately large effects on water depth and also on
sedimentation.

Currents, such as those in open oceans, could not exist in epeiric
seas. The shallowness of the seas would dissipate the energy due to
friction on the bottom surface. "Epeiric-size" currents would have been
created by winds. These prevailing winds, if persistent enough, would
have a mark:d effect on orienting sedimentary structures (Shaw, 1964, p.
10). Even currents and waves generated some distgnce offshore would
dissipate their energy before reaching the shore. Thus vast expanses of
sediment would be subject to little, if any, disturbance due to waves
generated in distant areas. The only effective water energy in epeiric
seas would be that of locally generated wind waves (Hallam, 1981,p. 91).

Tides generated in the open ocean, and thus affecting the epeiric
sea connected to it, would probably not be sufficient encugh to
influence the entire extent of an epeiric sea, to its shoreline. Thus
in a similar manner as currents, tides would be reduced by friction with
the bottom sirface and dissipate their energy a great distance from
shore (Shaw, 1964) or, if extensive encugh, that the tidal range would
be reduced almost to zerc at the shorelines remote from the open ocean
(Hallam, 1981).

From a study done in Florida Bay, Ginsburg (1956) notes that, due

ki
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to shallowness, there is an area which is out of range of tidal
influence. In this restricted area, tides are caused by the piling-up
of waters due to the influence of the wind. Shaw (1964, p. 7) states,
that due to shallow water conditions in an epeiric sea extending much
further inlaad than do the waters of Florida Bay, that tides would not
exist except for the piling-up effects of wind. It is possible that
resonance alone would guarantee some tidal activity in an epeiric sea,
but this would cause the most shoreward zone to be very narrow or non-
existent (Hallam, 1981, p. 94). In general, tidal activity in an
epeiric sea would be limited by friction, and would thus create a zone
of impingement behind which a large expanse of sea would be limited to
the influence of wind-induced waves.

In an epeiric sea setting, the existence of tides is questionable.
Hedgpeth (1957), in dealing with terminology used in classifying marine i

environments. stated that terms such as supratidal, intertidal, and

subtidal inferred the presence of tides. Even though these terms are
presently used in carbonate writings, this writer agrees with Hedgpeth
that tidally-related terms should not be used when discussing

depositional environments and sedimentation in epeiric seas. Since

wind-driven waves and currents are the probable major influence in

epeiric seas, the terms supralittoral, littoral, and sublittoral will be

utilized in this paper. ™
The supralittoral zone is considered to be that area above the

average high position of the strandline and which encounters marine

waters only curing storms. Since sediments in this zone are subaerially

exposed the najority of the time, common features are desiccation

cracks, evapcrites, and cryptalgal laminations. The littoral zone is
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that area between the normal high and low fluctuations of the
strandline. Due to the low angle of the bottom slope, this zone could
have been meny miles wide. Sediments in this zone would be reworked by
waves and ary fauna which was present, thus making laminations a less
common featire. Between the lowest supralittoral and highest littoral
zones would lie the littoral flat complex. Seaward of the lowest
;ittoral zore and constantly submerged is the sublittoral zone (Shinn,
1983). As it is less influenced by terrigenous influx and of more
normal salirity than landward areas, a normal marine fauna could exist
in this zone. TFeatures of the sublittoral facies are dependent upon
their stratigraphic position relative to average wave base. Low-energy
conditions would affect those sediments below average wave base, while
sediments above average wave base would be affected by higher energy
conditions.

Envirormental interpretations of the aforementioned lithofacies s
will be discussed in the order in which they were described. Due to
fluctuations in water depth and thus of the influx of terrigenous
material during low water levels, or as a result of shoreline migration,

it is not possible to discuss these facies in a stratigraphic sense or

in order from deepest to shallowest environments, as fluctuation of the it
water depth has produced an interbedded succession of these five i

lithofacies types. ™
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Environmental Interpretations

Micrite

The depositicnal environment of the micrite lithofacies is

interpreted as a predominantly low-energy environment. Characteristic

of this facies are thin, smooth, flat to very gently undulating,

parallel to sub-parallel laminae. The lighter-colored laminae are more

silty than the darker-colored laminae, and form cross-beds.

Cross~stratification is indicative of substantial hydraulic flow.
The degree of steepness in bedding planes also implies significant water

energy. The concentration of water energy within channels of the

littoral zone or within the littoral flats could be sufficient enough to

produce cross-stratification. Regardless of depth, all channels will

become shallower in a landward direction until they disappear (Shinn,

1983, p. 193).

Sheetwash on littoral flats or in the littoral zone produces

horizontal stratification. Wind-induced waves or storm-induced flooding

are both capatle of producing sheets of water (Hardie and Ginsburg,
1977). Algal mat surfaces are excellent collection sites for sediments
and form lamirations, but these are not present in this lithofacies.

Burrowins; and bioturbation are probably responsible for the absence

of lamination: in some parts of this facies. The almost complete

absence of anhydrite is also an indication that this facies was not

formed in a subaerially exposed environment.
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Argillaceous Micrite

Rocks of the argillaceous micrite lithofacies are similar to rocks
of the micrize lithofacies, except that this facies displays cryptalgal
laminations and thick deposits of intraclast~rich sediments. These
constituents suggest that deposition occurred in a littoral flat

;[ complex.

Deposition within the highest littoral to lowest supralittoral zone

fi would allow for the formation of cross-stratification within runoff
channels, for the deposition of storm deposits, and for the formation of

cryptalgal laminations. As a result of intense storms, surges of water

coming in toward the shore could easily tear up the bottom surface of an

epeiric sea. As the storm surge would again impinge upon the bottom, it

would disrupt the sediment producing rip-up clasts and lag deposits.
Algal mats act as collection sites for sediments carried in by waves.
Thin horizontal laminae form when sediment becomes entrapped in the

mucilaginous secretions of algae (Wilson, 1975, p. 82). In arid

climates, algal mats can form in the upper littoral zone and extend into

the supralittoral zone (Shinn, 1983). Many criteria are used in
recognizing cryptalgal laminations (Aitken, 1967). Probably the most
important cbaracteristics are that the laminations are not explainable
as due to settling of sediment and that there is an encrusting
relationship between the laminae and the underlying surface.

Characteristic of high littoral and low supralittoral environments

are desiccation features, such as mudcracks and birdseye dolomite (Shinn

et al., 1969; Lucia, 1972). These features are absent within this

lithofacies of the Three Forks. According to Kinsman (1969) and Hardie

and Giosbury (1977), intraclasts are common within this depositional
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zone. The formation of anhydrite is further evidence for deposition
within the supralittoral zone (Butler, 1969). In the Persian Gulf,
evaporites also form in the upper littoral zomne, largely preventing
burrowing by organisms (Shinn, 1983).

Thus, tle evidence which points to deposition within the littoral
flat complex is the presence of cross-stratification, cryptalgal
laminations, anhydrite, and the paucity of fauna. The occurrence of
intraclast-rich sediments would indicate storm deposits or periods of

intense energy.

Dolomicrite

The dolomicrite lithofacies is interpreted as having been deposited -
»

; in a supralittoral environment. Along the Trucial Coast, in the Persian

Gulf, Butler (1969) found carbonate mud, subsequently altered to

dolomite, to se a dominant feature in the supratidal environment. The

Manlius Formation (Lower Devonian) of New York is considered by LaPorte
(1967; 1969) :o be indicative of a supratidal enviromment, based on the s

presence of non~fossiliferous, laminated, dolomitic carbonate mudstone.

Shearman (1973, p. 9) also noted that supratidal sediments consist of %E
aragonite muds that are washed in from the lagoonal area by high spring ?
tides or storms. In the Persian Gulf, studies have shown that aragonite
mud in lagoons did not originate from abraded skeletal material, but i
that blue-green algae were responsible for precipitation of non-skeletal
aragonite (Kendall and Skipwith, 1969).

Seawater which washes in during spring tides and storms is

concentrated by evaporation and precipitates evaporite minerals, such as

gypsum and anhydrite. This precipitation causes the Mg /Ca ratic to



76

increase, which in turn, causes the dolomitization of pre-existing

aragonite and calcite by the reaction (Butler, 1969, p. 71):

2cacoy + Mgttt = CaMg(C0,),  + ca™

sedinent brine dolomite brine

The reason for the lack of evaporite minerals, such as anhydrite, in
this lithofacies is unclear, although the argillaceous dolomicrite
facies is characterized by abundant anhydrite of numerous anhydrite
types.

Other feztures are intraclasts, which are common in supralittoral
zones (Kinsman, 1969; Hardie and Ginsburg, 1977; Shinn, 1983), and

quartz silt. Silt-size quartz particles were procbably transported into

this environment by air currents. Heckel and Witzke (1979, p. 104)
state that th: great amount of guartz silt found in Devonian carbonates
may have been carried in by the trade winds from the emergent part of
: the craton.

In summary, sediments of the dolomicrite lithofacies were probably
deposited in the supralittoral environment. Evidence includes non-
fossiliferou:, laminated, dolomitic carbonate muds. Intraclasts are the

dominant allochem, and are probably, at least in part, due to

brecciation.
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rather than enlargement of existing crystals. The crystals are usually
lath~shaped, having a sub-parallel alignment (Shearman, 1978, p. 16).

With compaction, distorted and bedded varieties of anhydrite occcur.

Argillaceous Biomicrite

This lithofacies, composed mainly of dark gray, thick bedded to
passive micrite with fragmented and disarticulated remains of a variety
of fossils, represents the sublittoral environment. Argillaceous
material is extremely abundant, suggesting the absence of strong current
or wave action which would remove fine particles. However, the presence
of abraded and disarticulated fossil remains may indicate that they were
brought in from a more seaward environment.

There is abundant bioturbation and mottling throughout the facies,
and the absence of laminations is indicative of burrowing organisms. In
the supralittoral environment, algal mats and the settling out of
sediment produces stratification, which is preserved because of the
absence of burrowing organisms. Current action in the littoral
,environment., having a greater effect than the reworking by organisms,
results in the preservation of stratification. The relatively higher
rate of burrowing in the sublittoral facies obliterates any
stratification formed by wave or current action (LaPorte, 1967, pp.
86-87), or any storm-deposited layers {(Shinn, 1983, p. 179).

Brachiopods, bryozoans, and echinoderms comprise a fauna which is
indicative of a sublittoral environment of normal salinity (Heckel,
1972, p. 224). This fossil assemblage has a restricted salinity and
temperature tolerance. Ostracodes and gastropods possess a greater

tolerance for fluctuations in salinity and temperature and are found in

o T

"
e}
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many environnents (Heckel, 1972).

A major problem of environmental interpretations from fossil
assemblages is that of fossil transport. According to Heckel (1%72, p.
235) transporst of large fossils is indicated by broken and abraded
fragments. Jisarticulation does not necessarily suggest transport,
since disarticulation can occur in quiet water environments. On the
other hand, nicrofossils are much more difficult to fragment and abrade.

Disarticulation which has occurred, is evidenced by single
ostracode valves, crinoid, and echinoderm fragments. The abundance cf
argillaceous material and both microscopic and megascopic geopetal
structures again indicate deposition inm a quiet water environment.

Since the majority of fossils in this facies represent a normal salinity
environment, this facies is interpreted as having been deposited in a
low-energy sublittoral environment. The dark grayish color of this
facies is also similar to the sediments in the subtidal lagoons along
the Trucial Coast (Reading et al., 1978; Shinn, 1983).

Heckel (1972, p. 237) devised a modern distribution scheme of major
nonvertebrate groups relative to water depth. The distribution of the
+aforementiocned fossils fall within the subtidal water depth as given by
Heckel. Both the gastropod and ostracode fauna can range over a variety
of environments, according to this scheme, indicating their adaptability

to temperature and salinity fluctuations.

sl
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Depositional Model

Tidal flats and their lagoonal counterparts, according to Hardie
(1977), are subject to the widest range of envirommental conditions, and
consequently display the widest variety of sedimentary structures and
diagenetic feawures found in carbonate rocks. These deposits are
sensitive to many variables; the sedimentary record indicates that no
two tidal flat deposits, either ancient or modern, are very similar.
This point is clearly stressed in a casebeok of modern and ancient
siliciclastic and carbonate tidal flats edited by Ginsburg (1975). This
dissimilarity Is emphasized in modern tidal flats that are protected by
barrier islands producing interbedded sequences of mud and sand
(Reineck, 1972}, and those marginal to river deltas forming interbedded
silt and clay sequences (Thompson, 1975). Kahle and Floyd (1971, pp.
2092-2093), working with Cayugan (Silurian) tidal flat carbonates in
OChio, demonstrated the overlapping of diagnostic features of specific
tidal flat sub-environments, especially supratidal and intertidal.

Evidence ‘rom modern carbonate environments, such as the Bahamas,
Shark Bay, and the Persian Gulf, is useful when studying ancient
carbonate envi‘onments. Numerous authors (Braun and Friedman, 1569;
Clifton, 1983; LaPorte, 1967; 1969; Lucia, 1972; Matter, 1967; Roehl,
1967; Wilson, (975) list criteria which are indicative of supralittoral
{Table 1), lit:oral (Table 2), and sublittoral (Table 3) environments.
Models for tidal flat deposition have been used to recognize ancient
tidal flat deposits and to estimate paleotidal range (Kleim, 1971).

Studies of modern tidal flat sediments indicate that the smallest

differences in environmental conditions are recorded in the sediment




Table 1. Criteria indicative of supralittoral environments.
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Supralittoral Environment

Roehl (1967) laminated dolomite
algal mats

laminated, dolomitic carbonate muds
mudcracks

scarcity of fossils

birdseye structures

algal mat laminations

possible burrows

LaPorte (1967;196%)

Braun and Friedman (1969) mottled and laminated dolomite
birdseye textures
undulating stromatolitic structures

absence of fossils

Lucia (1972) irregular laminations
lithoclasts
desiccation features
quartz silt
scarcity of fossils




praswiT s

83
Table 2. Criteria indicative of littoral environments. 1
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Roehl (1967)

2 LaPorte (1967;1969)

Braun and Friedman (1969)

Lucia (1972)
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Littoral Environment

argillaceous burrows

pelletal carbonate muds

few fossil types, but abundant individuals
cross-stratification

organo-sedimentary structures (algal
stromatolites)

few mudcracks

thin bedding

quartz silt and argillaceous partings

few burrows

mottled, dolomitic muds
mudcracks

cross-bedding

shale stringers

sporadic birdseye texture
abundant fossil fragments

distinct burrows

wispy-mottled structures

quartz silt

algal stromatolites

fractures

few fossils

cross-stratification (in channels)




Table 3.

C-iteria indicative of sublittoral environments.
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Sublittoral Environment

Roehl (1967) churned rocks
bioclastic rocks

LaPorte (1967;19693) skeletal, pelletal, carbonate muds
diverse fossil biota
abundant burrow-mottling
absence of stratification

Braun and Friedmaa (1969) biomicrite
abundant skeletal fragments
intraclasts

Tucia (1972) burrowed, churned rocks
abundant fossils
cross-stratification (in channels)
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record. Minor surface elevation differences in these environments

result in major differences in frequency of exposure and in sedimentary
structures such as laminations, mudcracks, and burrows (Ginsburg et al.,
1977). This would be consistent with sedimentary facies distributions
related to water energy and water circulation within shallow epeiric
seas (Figure 31).

Variaticias in sedimentary facies patterns in epeiric seas are the
result of many factors, of which one is fluctuating water levels. The
finer fractiocns of allochthonous sediments can be easily transported
into epeiric s3eas. Rivers may have been the transporting mechanism for
argillaceous waterial in the Three Forks, though it is more plausible
that prograda:ion caused by a fluctuating strandline is responsible. If
the supply of argillaceous material were great enough, allochthonous
sediments cou..d be easily spread across an extensive area of an epeiric
sea.

Dominant water movement in the beginning of flood tides is
essentially perpendicular to the shoreline (Evans, 1965, p. 213). 1If
tidal influence or resonance did extend to the shoreline in the form of
piled up waves, then argillaceous material could easily be transported
back into the deeper portions of the epeiric sea as the waves receded.
In the littorcl zone of epeiric seas, channels are created by water flow
and these may be responsible for bringing argillaceous material from
more landward areas into deeper water zones. Kent (1964, p. 66) stated
that the source of argillaceous material for the Three Forks Formation
and equivalent strata is the Cambridge Arch and Transcontinental Arch.

The lateral and vertical variability of lithofacies in the Three Forks
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Figure 31. Mechanical energy in an epeiric sea and resultant
sedimentary facies (Modified after Shaw, 1964).
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is thus due to water fluctuation and progradation which makes detailed

correlation a difficult task.

Consequently, the depositional model for the Three Forks Formation
consists of the development of supralittoral and littoral zones and a
low-energy sublittoral zone in an epeiric sea setting (Figure 32). The
lateral shifting of these environments and thus the resultant vertical

succession of rock is caused by a fluctuating strandline. As the water

depth would decrease, a regressive sequence would form and progradation
of the shoreline would bring in argillacecus material. As the water
level would rise, transgressive conditions would occur and the influx of
argillaceous material would cease. This model allows for the formation
of evaporites on the periphery of the basin and carbonates within the
% deeper portions. It is similar to the depositional enviromment of the
Devonian Stettler Formation in Canada, in that limestones formed in the
basin center and evaporites on the periphery, and it alsc has a modern

‘i analog in the Arabian Gulf (Fuller and Porter, 1969).

Characterized by a high argillaceous content, the sublittoral zone
was a quiet water, low energy environment. The abundance of clay
-particles and di:sarticulated fossil remains indicates that low energy
conditions prevailed in this environment (argillaceous biomicrite
lithofacies). Gastropod shells comprise the only intact fossils, though
this may be due to their small size. The lower littoral zone, a
slightly higher energy environment, would allow the formation of cross-
stratification in channels and thin, mainly flat, laminae elsewhere.

Higher energy conditions may be responsible for the absence of

argillaceous matecrial, though terrigenous influx would probably not have




Figure 32.
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Depositional model for Three Forks Formation.
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occurred during transgressive conditions (micrite lithofacies).
Sediments deposited in the high littoral and low supralittoral areas
(argillaceous micrite lithofacies) display cryptalgal laminations,
intraclasts, cross-stratification, and paucity of fauna. A decrease in
water depth is interpreted from increased clay content. Higher energy
conditions are .ndicated by channel cross-bedding and intraclasts.
Rocks of the supralittoral environment (dolomicrite lithofacies) are
non-fossiliferous, laminated, dolomitic muds. Intraclasts, a common
feature, are interpreted as having been brought in by storm waves which
could have covered a great expanse of the supralittoral zome. The
expanse to be covered by storm waves would have been increased since
water levels, during deposition of these sediments, were at or near
their highest pcsition. Intraclasts may have been derived from either
the littoral zone or from brecciation occurring on the supralittoral I
region. With arid conditions prevailing in the supralittoral
environment, evaporite minerals were precipitated. In sediments
deposited away from the strandline, desiccation features formed and ;
fossils were absent (argillaceous dolomicrite lithofacies). Intraclasts
are abundant and indicate high energy conditions for at least part of
the time. Algal mats formed, and argillaceous sediment could have been ‘
carried in by waves from the littoral zone or prograded in from more i
landward areas curing the fluctuating level of the strandline.

Of major imoortance in this depositional model are the extreme
fluctuations of the strandline. In response to changing positions of
the strandline, lateral migration of major environments occurred and

significant quantities of allochthonous material were brought in and
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dispersed over a vast region. This model allows for these lithofacies

to develop contemporaneously in laterally adjacent environments and yet
permits the vertical succession of rock to display both regressive and
transgressive qualities, based on the presence or absence of
argillaceous material.

There is a significant difference between depositional models for
tidal flat sediments accumulated in temperate regions and those in hot,
arid climates. In the geologic record, temperate tidal-flat deposits
can be distinguished by the predominantly sandy facies and negligibie
evaporite deposits (Thompson, 1975). Where barrier island development
is insignificant, tidal deposits would consist of silts and clays, and
include abundant evaporites due to the arid climate.

Sediments leposited in modern arid settings most closely resemble
those in the Three Forks Formation. The most obvious differences
between these two depositional settings and their resultant sediments
are (Thompson, 19753, p. 64): 1) silts and clays deposited from
suspension are found in the sublittoral and lower littoral zones, rather
than cross-bedded sands; 2) on the littoral flats, laminations and
’bedding are horizontal, rather than lenticular or flaser bedded; and 3)
due to the predominance of silt and clay, fining-upward sequences are
lacking.

Storm deposition is a characteristic feature of many wmodern
carbonate environments (Hardie and Garrett, 1977). Extremely high water
levels and onshore storms are the primary cause for inundation of
supralittoral areas. Studies have shown that littoral flat sediments

are derived from adjacent seaward environments (Shinn et al., 1869). In
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shallow epeiric seas, storm effects would have a significant effect on

sublittoral zones. As the storm waves impinge on the sea bottom, rip-up
clasts would be produced by the disruption of the sediment. These
intraclasts and suspended sediments would then be transported into the
littoral and supra.ittoral 2zones.

Storms play a major role in forming thin, coarse-grained beds in
fine-grained subtidal facies and also fining upward sequences in open-
shelf facies (Kreisa, 1981). In the Three Forks Formation, storm
deposits consist of small to large, angular intraclasts in a muddy,
argillaceous matrix. The occurrence of storm deposits like those in the
Three Forks suggesi high energy conditions (XKinsman, 1969).
Sedimentation by storms is a major depositional process across broad
shelf environments (Kreisa, 1981, p. 824) and probably also affected
sedimentation in shallow epeiric seas. In the Three Forks Formation
these storm-genera-ed features have accumulated and been preserved on
the littoral flat &nd supralittoral zones.

Another feature in the Three Forks is the occurrence of quartz silt
which may have beer transported into the environment by trade winds
coming off the emergent part of the craton. The quartz grains are
present throughout the Three Forks, but also occur as local
accumulations in western North Dakota, and have been informally named
the "Sanish Sand". These fine silts occur erratically and are not
continuous for any great distance. The presence of carbonate mud and
burrowing implies a low energy environment, and may indicate deposition

as sand bars in shallow water (Kume, 1963, p. 34).
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Depositional History

Introduction

Sedimentary environments and their resultant mosaic pattern of

lithofacies are influenced by tectonic elements and their relative
activity in the ssdimentary source and depositional areas (Dineley,
1979). As a result of plate convergence, epeirogenic warping of the
continents, and eistatic rise in sea-level, major transgressive and
regressive cycles occurred which controlled sedimentation on continental
margins and throughout the interior of the cratoms (Johnson, 1971).
These cycles of tiansgression and regression in epeiric seas between the
continental margius and cratonic centers produce sequences of strata
{i.e., the intracratonic sequences of Sloss, 1963) which are separated
by major unconformities. g

£ Throughout tie Devonian Period, the Canadian Shield was the exposed

cratonic nucleus cf the continent. One of the most prominent negative

elements of the craton during Paleozoic time was the Williston Basin

(8loss, 1950, p. 426). The Williston Basin area was connected with the

geosynclinal area by a narrow, east-west trending zone called the o

Central Montana trough. Local warping of the craton influenced sea- ¥

level changes, and in Late Devonian time the Kaskaskia transgression
i covered much of the continental interior (Dineley, 1979}. Thus from 5
: west to east there existed normal marine conditions in the Cordilleran

! geosynclinal area grading into very shallow water depths in epeiric

seas, producing carbonates, restricted conditions for evaporite

deposition, and leiving exposed areas to supply terrigenous sediments

(Sloss, 1953).




97
During the Early Devonian, renewed uplift along the

Transcontinental Arch tilted the Williston Basin northward, causing the
connection with the Elk Point Basin. The regional geologic setting
changed in late Middle to Late Devonian time. A seaward connection to
the Cordilleran geosyncline through the Central Montana trough was
established with the subsidence of the Transcontinental Arch (Gerhard et
al., 1982, p. 299; Figure 33). Thus, the initial transgression of the
epeiric sea cane from the westward connection to the Cordilleran
geosyncline. 1[It is this communication between the Williston Basin and
Cordilleran geosyncline that makes plausible the extreme fluctuatioms of
the strandline in the depositional model of the Three Forks and thus the
influx of argillaceous material on three sides. Occasional surges of
marine waters :through the Central Montana trough brought in nodules of
algal origin, oncolites, and crinoid and brachiopod debris (Gutschick, it

1964, p. 176). o

Depositional H:story ]

Epeiric seas extended far into continental interiors, were of large
areal extent, had low average bottom slopes, and extreme shallowness of i
waters which was sufficient to restrict or eliminate circulation (Shaw,
1964, p. 5; Irwin, 1965). These factors, along with tectonic activity /
and variations in local topography, controlled sedimentation in epeiric i
seas.

The average bottom slope in epeiric seas probably ranged from 0.1
to 0.3 feet per mile (0.02 to 0.06 meters per kilometers) (Shaw, 1964,

p. 5). Due to shallow water depths and gentleness of bottom slope, any
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Figure 33. Seaward connection of the Williston Basin to the
Cordilleran Geosyncline through the Central Montana Trough (Modified
after Gerhard et a’ ., 1982).
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change in local relief or subsidence would drastically influence
sedimentation. Shaw (1964) and Irwin (1965) predicted that sedimentary
facies, differ:ntiated into three major belts based on varying hydraulic
energy, would occur in an epeiric sea sedimentation model.

These threce energy zones are as follows (Irwin, 1965, p. 450;
Figure 34): 1) A wide, low energy zone occurring in the area farthest
offshore beneah wave depth, where currents form the only hydraulic
energy acting i1pon the bottom (Zone X); 2) A narrow, intermediate, high
energy zone beginning where waves first impinge on the sea floor,
expending kinetic energy, and extending landward to the limit of tidal
action (Zone Y); and 3) An extremely shallow, low energy zone extending
landward of Zone Y, having limited water circulation, and where the only
wave action is produced by storms (Zone Z). These three zones are
dependent upon depositional slope and magnitude of wave and current
agitation. Or:ented approximately parallel to the strandline, the width B
of these sedimentary environments, specifically Zone Z, would be
dependent upon the bottom slope. If the slope is gentle, Zone Z could N
extend hundreds of miles. The lithofacies within the Three Forks
Formation are thought to have been deposited sclely within Zone Z. X

The nearly flat slope of zone Z permits a wide expanse of very
shallow water. A consequence of such extreme shallowness is the
constraint placed on water circulation. In coastal areas where steeper
slopes are common, zone Z would be narrow and produce beach deposits
because of waves and tides extending to the shore. In epeiric seas, on

the other hand, waves would dissipate hundreds of miles from shore

prohibiting the formation of beach deposits (Irwin, 19653, p. 453).




Figure 34&4.

Comparison of Irwins (1965) model for the

of environmental zones in epeiric seas to the Three Forks

distribution
model.
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Binary System

Sediments within the Three Forks belong to two systems - an
autochthonous system that produced sediments within the basin, and an
allochthonous system which brought sedimentary particles into the basin
from outside its limits. The autochthonous sediments are derived from
the seawater itself through chemical precipitation, while sediments of
the allechthenous system may be scoured from the sea bottom, brought in
during inundation of the supralittoral zome or during progradation, or
derived in some manner from sources other than the chemical or biogenic
activities of the sea (Shaw, 1964).

During tramszressive conditions, the more basinward sediments would
onlap those sedimants deposited in more landward areas. The reverse
effect would be true in regressions. Allochthonous material would enter
the basin along its periphery and its distribution would be controlled
by varying transpo>rting mechanisms. Probabl§ the most effective
transporting agert for carrying sediment out across the sea bottom are
wind-induced currzants impinging on the shore (Shaw, 1964, p. 36). The
widespread nature of fine-grained sedimentary particles is dependent not
only on the transjsorting mechanisms, but alsoc on the extent of sea level
fluctuation. The degree of sea level fluctuation and thus progradation
envisioned for tha Three Forks Formation {Figure 32) could have allowed
for deposition of clays throughout the Williston Basin, as attested to
by the presence cof argillaceous material in core samples taken from the
westernmost regica of McKenzie County.

In latest Devonian time, the Williston Basin may have become oxygen

stratified (Lineback and Davidson, 1982). With these conditions,
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carbonate procuction would occur along the extreme shoreward areas,

greenish-gray mudstones would be deposited in shallow waters, and
organic-rich wlack shales would form in the basin center. If this is
the case, ther some facies of the Three Forks were deposited shoreward
of the Bakken Formation and the Lodgepcle Limestone was deposited on the
basin periphery (Lineback and Davidson, 1982, p. 130). This would cause
the Bakken to grade laterally into the Three Forks and the Bakken-Three
Forks to grade laterally into the Lodgepole. To some degree this is
apparent on cross-sections (Figure 7), but this appearance may be due to

the less widespread Bakken pinching cut against the Three Forks.

Carbonate Precipitation ﬁ

Carbonate production in modern enviromments is greatest in clear,

warm, shallow water and occurs in a zone between 30° N and 30° s
latitude. The increase in temperature promotes the precipitation of t
calcium carbonate, while also causing evaporation in dry climates
(Heckel and Witzke, 1979). 1In clear, warm water, invertebrates 0
precipitate thicker calcite and aragonite shells and calcareous algae
are abundant (W4ilson, 1975). Dilution of the carbonate-producing system e
by the influx of terrigenous material may inhibit carbonate formation. ‘W

Lime mud can be derived from several sources: from the death and
decay of calczreous algae, abrasion of larger carbonate particles to 3
micrite-size particles, and from direct precipitation from seawater. In

the Williston B8asin, photosynthetic or direct precipitation may have

been a source >f carbonate mud due to its association with large volumes

of evaporites (Gerhard, 1978, p. 39). 1In areas where green algae are
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rare (e.g., Trucial Coast of the Persian Gulf), lime mud precipitates

directly from seawater where the environments are warm and saline
(Heckel and Wwitzke, 1979). Heckel and Witzke (1979) have postulated
that the clirate during the Devonian was hot and dry, allowiné for
abundant lime mud and thick evaporite sequences to form. In Late
Devonian time, the Williston Basin was situated between the paleocequator
and 30° s latitude (Figure 35). Lithological characteristics (e.g.,
thick carbonate-evaporite sequences) are indicative of such a
paleclatitude. The great amounts of quartz silt present in Devonian
rocks were probably deposited by trade winds blowing from the Canadian

Shield; silt-size quartz can be transported over long distances by wind

(Wilson, 1975, p. 91), thus making the Canadian Shield a plausible

source.
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Figure 35. Position of paleoequator and direction of trade winds
during the Upper Devonian (Modified after Heckel and Witzke, 1979).

>

.
1ib

il







108
Diagenesis
Several types of diagenetic features occur within the Three Forks
Formation, of which dolomitization and anhydritization are of primary
concern. Of lesser importance is calcite recrystallization of fossil
fragments, recrystallization of micrite-size calcite to microspar and

pseudospar, :snd formation of authigenic pyrite.
Dolomite

Dolemitization has occurred in the dolomicrite and argillaceous
dolomicrite lithofacies. Both facies are interpreted as supralittoral

deposits and the occurrence of dolomite was penecontemporaneocus with

sedimentatior. Modern analogs to penecontemporaneous dolomite are given x?
by Illing et al. (1965) in the sabkhas of the Persian Gulf, and Shinn et =
al. (1965) from Andros Island, Bahamas. "
Evaporarion, high salinities, and high Mg++/Ca++ ratios are
involveé witl' dolomitization by near-surface brines. Buried algal mats T
form a permecbility barrier, preventing the brines from percolating into i
and dolomitiring underlying sediments (Bush, 1973). Replacing calcite
during and slortly after deposition, the resultant dolomite is genera.ly “$
fine-grained and may be finely laminated. The movement of near-surface =
brines to explain lateral and shallow subsurface (penecontemporaneous)
dolomitizaticn has been involved in the seepage refluxion model (Adams
and Rhodes, 1960; Deffeyes et al., 19653), in the evaporative pumping

model (Hsu ard Siegenthaler, 1969; McKenzie et al., 1980), and in the

capillary corcentration model (Shinn et al., 1965).
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Of those listed, the most appropriate for the dolomitization of the

Three Forks Formation is the evaporative pumping model. Three
hydrologic processes are involved in this dolomitization model: 1)
Flood recharge ;hich involves flooding of the supralittoral surface by
wind-generated waves or storms waves. The level of the water table
rises as available pore space is filled by seawater. This downward
groundwater movement lasts only a short time, since the groundwater
table will siak quickly to its original level before the flooding; 2)
Capillary evadsoration concentrates ions from evaporating seawater, and
causes the lowering of the water table; and 3) Evaporative pumping
maintains the level of the water table by the upward flow of groundwater
to replace water lost to evaporation.

As seawa:er is brought onto the supralittoral surface, it begins to
evaporate and form brine. With evaporation, ions become concentrated
and calcium carbonate and calcium sulfate begin to precipitate aragonite
and gypsum, raspectively. The removal of Ca++ ions causes the Mg++/Ca++
ratio to incrzase. As the Mg++ -rich brines sink into the supralittoral
sediments, dclomitization occurs. Inundation of the supralittoral zone
in an epeiric sea is infrequent since it is dependent on high wind- and
storm-generatasd waves. Consequently, the capillary evaporation process
is responsible for the continual supply of dolomitizing fluids being
brought to the surface. As the pore water moves landward, there is a
constant rise in the Mg++/Ca++ ratio to the point that the most landward

edge of the supralittoral zone would be nearly pure dolomite (Bathurst,

1975, p. 5257.

[
i
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Reduction Spots and Pyrite

Within the reddish~-brown argillaceous dolomicrite facies, irregular
subspherical greenish-gray spots are found. Ranging from 1 mm to 1 cm
in diameter, t:uese have been called "reduction spots" in the literature
(Morad, 1982, u. 53). Morad (1982) established that the reddish
sediments were characterized by hematite, which was probably derived
from the wind-blown sediments from the exposed craton to the northeast,
whereas the recduction spots were depleted of hematite. Three sediment
samples were examined by the Scanning Electron Microscope (SEM), X-ray
Diffraction (X*D), and X-ray Fluorescence (XRF) to determine iron
content. The »EM indicated that the FeD content of the greenish-gray
sediments was greater than the reddish sediments. Since this result did »
not seem‘plaus;ble, it was felt that contamination of the samples
occurred during the core slabbing process. After washing and drying the
samples, the XiF results indicated that the Fe203 (hematite) in the red g;
was 3.5% greater than in the green sediments. XRD results showed that g
the greenish sediments were dolomitic and pyritic, and that the reddish "
sediments were calcareous and hematitic.

Reduction spots indicate that local reducing conditions were
developed in the course of reddening of the sediments (Morad, 1982, p.
56). During oxzidation, the iron in the reddish sediments was oxidized
into hematite. The iron in the reduction spots was reduced to the
ferrous state and may have reprecipitated in the reddish sediments as
hematite {(Morad, 1982). In thin section, hematite is found in the

reddish sediments, however, pyrite is absent in the reduction spots.
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The presence of local concentrations of residual organic material
is related to these reducing conditions. The occurrence of authigenic
biotite, which corrodes detrital particles, have been found in reduction
spots. In the red host rock, the biotite is highly oxidized, whereas it
is chloritized in the reduction spots (Morad, 1982, p. 57). Small
amounts of pyrite in reduction spots would support the stronger local
reduction conditions, though this is not found in the Three Forks.
Pyrite is a common diagenetic feature and is found solely in the
greenish-gray sediments of the Three Forks. In low salinity waters, the
transformation of FeS to pyrite is prevented due to a deficiency of
sulfate (Berner et al., 1979, p. 1349). Abundant sulfate is present in
marine sediments, however, and pyrite can form in only a few years

1

(Berner, 1970, p. 22), and be used as paleosalinity indicators.

Anhydrite

Anhydrite is found almost sclely within the argillaceous
dolomicrite lithofacies, which is interpreted to have been deposited in
an arid supralittoral enviromment. Anhydrite is thought to form by
direct dehydration of gypsum (Butler et al., 1982), though replacement
evidence is lacking within the Three Forks. Aghydrite, typically
nodular and mosaic, characterizes supralittoral environments, is
diagenetically emplaced (Shearman, 1966; 1978; Kinsman, 196%; Butler,
1969), and may originate from brines by evaporative pumping (McKenzie et
al., 1980, p. 27-28). ©Nodular and mosaic anhydrite is also distinctive
in thin section, displaying a felted texture (Xinsman, 1969, p. 834).

Lath and blocky crystal form is common in later anhydrite.

.....
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Some workers (Wilson, 1967; Wood and Wolfe, 1969) have found
carbonate-evaporite cycles both in ancient (Duperow Formation of the

Williston Basin) and modern (Arab/Darb Formation of the Trucial Coast)

sedimentary environments. These cycles do not apply to the Three Forks,
however. As progradations or regressions occurred, the evaporative-
supralittoral belt moved progressively basinward, offlapping more
;' seaward sediments, while during transgressions, the seaward sediments
onlapped the more shoreward sediments. This caused a sequence of
! : carbonates and evaporites to be present throughout the stratigraphic

E section.

Calcite Recrystallization

k3

Both microspar and pseudospar are present in the Three Forks,and
indicate the occurrence of neomorphism. Neomorphism involves

recrystallization (calcite to calcite) where gross composition remains

constant (Folk, 1965, p. 21).

The transition from micrite to microspar to pseudospar is termed

. . . Cos o
aggrading neomorphism. For this transition to cccur, Mg ions must be

++ . .
removed from the system. Mg ions are easily lost in the subsurface

through dolomitization and by clay seizure (Folk, 1974). 1In a burial

:
environment, slow crystallization aids in the formation of coarser- E

grained calcite. ¥




CONCLUSIONS

1) Extending over the western two-thirds of North Dakota, the Three
Forks Formation attains a maximum thickness of 265 feet (81 meters). It
is thickest in the central basin, east and south of the Nesson

Anticline.

2) The Three Forks Formation, divided into five lithofacies, has
considerable vertical and lateral variability due to the degree of

onlap and offlap between adjacent depositional environments.

3) Three Forks rocks were deposited in supralittoral, littoral, and
sublittoral environments, probably in a hot, arid setting, in an epeiric

sea which covered most of North Dakota.

4) The initial transgression of the epeiric sea during Devonian time
came from the westward connection to the Cordilleran geosyncline through

the Central Montana trough.

5) Extreme sea level fluctuations and thus progradations are
responsible for the widespread nature of argillaceous material.
Allochthonous material entered the basin along its periphery and was

distributed by wind~induced currents and waves.

6) Repeated transgressions and regressions caused the lateral migration
of environments and the complex mosaic of lithofacies in the

stratigraphic section.

7) Diagenetic features within the Three Forks Formation include

dolomitization, which is probably eocgenetic in origin, anhydritization,

113
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calcite recrystallization (neomorphism), reduction spots and pyrite

formation.
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APPENDIX A

WELL LOCATIONS, LEGAL DESCRIPTIONS, FORMATION DATA,

AND KELLY BUSHING ELEVATIONS

Well information is arranged alphabetically by county and nu-
merically by North Dakota Geological Survey well numbers within
counties. Well locations are based on the standard Land Qffice Grid
System. In the appendix heading, QTR stands for the first and second
quarter of a section. SEC, T, and R stand for section, township
(north), and range (west) respectively. Kelly Bushing (KB) elevations
are in feet above sea level. Depths for the top and bottom of the
Three Forks are in feet below the Kelly Bushing. Formation thick-
ness is in units of feet and was determined by calculating the differ-
ence between the top of the Three Forks and the top of the underlying
Birdbear, where log depth was sufficient to penetrate the top of the
Birdbear Formation.
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ADAMS

Well Qtr Sec~T-R Operator . Three Forks

No. Well Name KB Top Bottom Thickness

6050 SWSW 30~129-98  Amerada Hess Corporation 2695 8040 8122 82
Holmquist #1

6322 NESW 7-130-91 Energetics, Incorporated 2453 7219 7343 124
Soelberg #23-7

7639 SEHNE 2-129-91 Crystal Exploration and Prod. 2429 6933 7041 108
Worley #42-2-X

7642 NWSE 28-130-95  Amoco Production Company 2804 8012 8119 107
Jacob Christman #1

6939 SESW 32-131-98  Amoco Production Company 2805 8485 8587 102
Hirsch #1

8091 NESW 7-129-94 Supron Energy Corporation 2648 7707 7817 310
Miller #1

BENSON

616 NESW 5-156~-68 Shell 0il Company 1584 - 2626 -
Betsy Jotrgenson #1

632 NWSE 31~-154-70 Calvert Exploration Company 1637 - 3203 -
John Stadum #1

683 NENE 2-154-~69  Shell 011 Company 1767 - 2979 -
H. R. Hofscrand #1

BILLINGS

859 SWNE 31-144~100 The Texas Company 2463 10660 10886 226
Government M.S. Pace #1

3268 NESW 10-139~101 Amerada Petroleum Corp. 2540 10190 10367 177

Unit 8

LT1




Sec-T-R

21-139-101

28-137-100

2-137-100

27-141-100

6-144-101

29~143-100

16-144-98

15-141-10}

36-143-98

34-139-100

22-142-99

10-142-100

2-143-99

23-142-98

2-140-100

Operator
Well Name

KB

BILLINGS (con't.)

Amerada Petroleum Corp.
USA Hodge #1

Pan American Petroleum Corp.

USA-Adah G. Macauley ''B" #1
Lone Star Producing Company
Alfred Schwartz "B" #1L
Southern Union Production
Burlington Northern #1-27
Supron Energy Corporation
Federal 6-144-101-#1
Tenneco 0il Company

B. N. #2-29

Gulf 0il Explor. and Prod.
State #2-16-4B

Jerry Chambers-0il Producer

Franks Creek State #1-15
Mosbacher Prod./Pruet 0il
State Oresz #1b-36-1
McAlester Fuel

ND Federal #34-14

W. H. Hunt Trust Estate
Hlebechuk #1

W. H. Hunt Trust LEstate
Gregory #1

Amoco Produccion Company
Hecker #1

Crystal Exlor., and Prod.
Kuntz #11-23

Conoco, Incorporated
Conoco Federal Saddle #2-1

2548

2864

2800

2641

2198

2647

2536

2436

2690

2705

2712

2782

2722

2648

2783

Three Forks
Bottom

Thickness

10253
10102
10139
10548
10460
10708
10994
10354
10991
10292
10988
10853
11154
10872

10890

10363

10268

10291

10737

10671

10933

11244

10545

11228

10458

11233

11070

11406

11102

11111

110

166

152

189

211

225

250

191

237

166

245

217

252

230

221

811



Operator Three Forks

-

Well Name KB Bottom Thickness

BILLINGS (con't.)

3-142-99 W. H. Hunt Trust Estate 2728
Baranko f#1
4-142-102 Diamond Shamrock Corporation 2557

Cenex~Federal 34-4

SWSW 19-143-101 Jerry Chambers Explor. Co. 2373
Blacktail Federal #3-19

NESE 33-141-98 Mosbacher Prod./Pruet 0il 2618
Volesky 33-1

NESE 8-142-101 Conoco, Incorporated 2523
Hanson-Federal 8-1

SESW 34-143-99 W. H. Hunt Trust Estate 2747
Damaniaw #1

NESE 30-141-102 Patrick Petroleum 2603
Patrick-Harris-Federal #1-30

NESW 15-144-102 Tenneco 0il Company 2173
Graham USA #1-15

SESE 13-143-102 Conoco, Incorporated 2344
Convco Federal Blacktail #13-1

NWSE 29-144-99  Amoco Production Company 2675
A. W. Thompson #B—~1A

NESE 24-138-100 Monsanto Company 2712
Gaylord #1

NWSE 6-144~101 Supron Energy Corp. 2203
F-6-144-101, #3

BOTTINEAU

31-160-81  The California Company
Blanche Thompson #1




Qtr. Sec-T-R Operator . Three Forks
Well Name KB Top Bottom Thickness

BOTTINEAU (con't.)

NWNW 23-163~75 Lion 01l Company 2205 4013 4054 41
G. A. Huss {1

SESW 2-163-77 Lion 011 Company 1669 3819 3880 61
Magnussen 1

SWSW 12-161-75 Cardinal Drilling Company 1603 3606 3640 34
Bennisen et al #1

SWSE 36-164-74  Ward Williston 2256 3727 3785 58
State #1

NWSW 34-164-78  Calvert Exploration Company 1539 3904 3973 69
Anderson #1

NWNW 14-162-76  Lion 0il Company 1683 3805 3854 49 —
Wallace #1 Pt

NWNW 1-159-82  Cardinal Drilling Company 1536 5250 5371 121
B. M. Keeler #1

SWNE 2-161-74 Cardinal Drilling Company 1664 3433 3475 42
Joseph Andrieux #1

NESW 23-163~74  General Crude 0il Company 2160 3768 3805 37
Martin Rude #1

SESW 6-161-79  The California Company 1494 3253 3409 156
Bert Henry #4

SENW 19-160-80 Phillips Petroleum Company i511 5009 5102 93
Brandt #1

SESE 20-162-78  Amerada Petroleum/Arex Corp. 1502 4200 4246 46
Lila Stark #1

NESW 9-163~-78 Cardinal-National Bulk et al. 1532 3957 4032 75
Ekrehagen Estate #l1-A

SESW 31-162-78  Amerada Petroleum Corp. 1486 4185 4325 140
Lillestrand #1

SESE 20-159-81 Union 0il Company of Calif, 1517 5381 5545 164

Steen #1




Stewart #1-63
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Qtr. Sec-T-R Operator Three Forks

Well Name KB Top Bottom Thickness
BOTTINEAU (con't.)

NENW 8-163-81 Lamar Hunt 1518 4493 4580 87
William Cranston #1

NENE 2-161-81 Union 0il Company of Calif. 1514 4851 4937 86
Huber #1-A-2

NWSW 34~160~81  Estate of William G. Helis 1503 5240 5324 84
E. Van Horn #1

SWNE 33-164-77  Gemini Corporation et al 1598 3752 3818 66
Carl #1-X

SESW 2-160-82 Hickerson 0il Company 1534 5246 5340 94
Streich #1

SENE 14-162-77 Champlin Petroleum Company 1552 3888 3931 43
Champlin~Bridyer #1 Dunbar

SWSW 24~161-76  McMoron Expleoration Company 1527 3785 3823 38
beraas #1

SWNW 27-161-82  Cities Service 0il Company 1553 5183 5291 108
Wiley Rice A #1

SWNW 36-163-80  Placid 0il Company 1499 4441 4505 64
Rosendahl 36-5

NENE 2-161-83  Shell 0il Company 1584 5260 5392 132
Greek #41-2

BORMAN

NWSW 13-132-102 Western Natural Gas Company 3074 9273 9343 70
Traux Traer #1

NWNE 25-131-102 International Nuclear Corp. 2922 8888 8210 22

121




Well Qtr. Sec-T-R Operator : Three Forks
No. Well Name KB Top Bottom Thickness
BOWMAN (con't.)

4922 SESW 5-130-100 Pel-Tex Incorporated 2944 8743 8813 70
Superior Landa #1

4952 SWSW 32-130-100 Pel-Tex Incorporated 2958 8574 8615 41
Supeirior-Boor #1

5227 NWSE 26~129-103  Depco I[ncorporated 2938 8161 8179 18
Greni #33-26

5347 NWNE 8-131-104 Depco Incorporated 3042 - 8798 -
Homquist #31-8

5402 NENW 28-129-101  FKenneth D. Luff et al 2889 8242 8290 48
Jett #1-28

5584 SESW 22-130-102  Kenneth D. Luff et al 2888 8398 8438 40
¥aris #1-22

5772 NWNW 5-131-100 True 0il Co., Incorporated 2892 8944 9028 84
Fisher #11-5

5888 NWSW 15-132-104  Kenneth D. Luff et al 3167 - 9115 -
Gundvalsen #1-15

5904 NWNE 34-131-103 Petrcleum Incorpovated 3043 8782 8806 24
Hilton #1

6074 SESE 2-129-102 Farmland Int'l Energy Co. 2857 8281 8320 39
Richards~Southland Royalty #1-2

6094 SESE 33-129-102  Kenneth D. Luff 2903 8071 8102 31
Fandrick #1-33

6370 SWNE 21-129-100 C, F. Braun 2787 8285 8339 54
Palczewski 1

6398 SWNE 7-130-102  Kenneth Luff, Incorporated 2951 8617 8657 40
Mrnak #1-7

6600 NESE 28-129-104 Petroleum Incorporated 3639 - 8270 -
Arithson "E" #1

6639 SESE 8-130~103  Florida Gas Explor. Co. 3051 8616 8635 19

Gross #1-8

(44!




Sec-T-R Operator Three Forks
Well Name Top Bottom Thickness

BOWMAN (con't.)

4-129-101 Consolidated 0il & Gas Inc.
Lewison Drilling Unit #1

31-130-103 Terra Resources lncorporated
T. Nygaard #1-31

5-130~104 Davis 0il
Voight #1

1-131-104  Anadarko Production Company
Bowman PFederal "A" #1

BURKE

SWSW 30-160-94 Hunt 0il Company
Carl Overlee #3

NENE 12~163-92 Mar-Win Development Company
R. M. Hanson #3-D

SWNE 7-161-90 Northern Pump Company
Peterson #1

SWSE 25-162-90 The Anschutz Corporation
Ormiston #1

SWNE 2-161-91 John B. Hawley Jr, Trust #1
Florence M. Ingerson #2

NWNE 33-164-90 Chandler and Assoc,, Inc.
Wilson #2-33

SESW 30~161-94 Home Petroleum Corporation
Sunflot Helrs #1

NENW 3-161090 Chandler and Assoc., Inc.
Ewing #3-3

NENE 5-161-94 North Central 0il Corp.
Priebe State #1




Sec-T-R

24-160-93

36~144-75

32-137-77

14~144-77

31-142-76

23~140-79

11-410-77

33-141-80

19-140~-80

9-139-76

17-141-76

Operator
Well Name

Three Forks
Bottom

Thickness

BURKE (con't.)

Brownlie, Wallace et al.
Western Investment Co. #24-12

BURLELGH

Caroline Hunt Trust Estate
University Land #1

Caroline Hunt Trust Estate
Robert Nicholson #1
Caroline Hunt Trust Estate
Anton Novy #1

Caroline Hunt Trust Estate
Soder Investment Company #1
Caroline Hunt Trust Estate
Paul Ryberg #1

Calvert Drilling Inc. et al,
Patterson Land Company #1
Tom Vessels and Perry Bass
Helen Bourgois #1

E. C. Johnston Jr.

Edwards #1

Tom Marsh

Funston f#1i

Sunmark Exploration Company
Thorson #1




Operator
Well Name

Three Forks
Bottom

Thickness

7-163~102
13-160-98
20~162~95
20~161-97
26-162-101
21-163~101
12-160~100
29-161-95

3~160-95
10-160-98
23~163-99

31-164-95

26-162-103

13-162-100

36-160-96

DIVIDE
Carter 0il Company

b. Moore #1

Hunt Petroleum Corporation
Joseph Thvedt #1

Calvert Drilling & Prod. Co.
Legein #1-A ‘

Texaco Incorporated

R. W. Redlin (NCT-1) #1

Pan American Petroleum Corp.
Orville C. Raaum #1
Petroleum Incorporated

Ole Hellen #1

Miami 011 Producers, et al.
Roy Hagen #1

Ashland 01l and Refining Co.
Fenster #1-29

H. L. Hunt

A. B. Ericson #1-A

0il Development Co. of Texas
Rogers #1

Edward Mike Davis

Mathews #1-23

W. A, Moncrief

Keba 0il and Gas #31-1

W, H., Hunt Trust Estate
Skabo #1

Tipperary 0il & Gas Corp.
Olsen #1

Chapman Exploration

State #1-A




Sec~T-R Operator
Well Nane

T —

Three Forks
Bottom

Thickness

DIVIDE (con't.)

30-160-102 W. H. Hunt Trust Estate
Nelson #1

25-161~103 Mosbacher Prod./Pruet 0il
George €. Anderson f#1

3~161-101 Patrick Petroleum Company

Johnson #1

16-162-96 Shell 0il Company
State Rindel #43-16

24-169-99 Terra Resources
Simle Federal #1-24

DUNN

6-141-94 Socony Vacuum
Dvorak F-32~6-p

24~149-93  Mobil Producing Company
Kennedy F-32-24-p

22-149-91 Mobil Producing Company
Sclomon Birdbear #1

15-145-91 Pan American Petroleum Corp.
Jack Huber #1

15-148-96  Amerada Petroleum Corp.
Signalness Unit VA" #1

27-143-92 Amerada Petroleum Corp.
Marie Selle Tract 1, #1

36-146-96 Helmerich and Payne Inc.
ND State {1

24~148-97  Kathol Petrol.-Tidden Petrol.
Little Misscuri #1-24

2296

2146

2092

2212

2383

2200

2435

2373

9838

10956

9666

11075

11200




Well

No.

4957

5621

6034

6105

6148

6251

6448

6464

6477

6489

6530

6591

6828

6887

7584

£ 0SB N B P A T

Qtr.

NWNW
NENW
NWNW
SWNW
SWSW
SWSW
NWNW
NWSE
SESW
NENE
SENE
NWNW
NENE
SWNE

NENW

Sec-T-R

8-147-93
23-142-07
32-145-97
11-146~-906

2-141-56

6-145-97
24-146-94
19-147-95

2-142-95
30-144-96
18-141-95
35-143-94

8~-145-94
35-146-95

8§-145-95

Operator
Well Name

DUNN (con't.)

Miami 0il Producers Inc.
Hairy Robe Estate #1
Mesa Petroleum Company

Roshau #1

Gulf Energy & Minerals Co.

P. Marinenko #1
Amoco Production
William C. Lubke
Amoco Production
Andrew N. Heiser

Gulf Energy & Minerals Co.

Biackburn #1-6

Company
Unit #1
Company
#1

Smokey 0il Company

O'Neil #11-24

Gas Prod, - Al Aquitaine

19-147-95-B.N. #1

Amoco Production
Ficek #1

Amoco Production
Roy F. Karey #1
Amoco Production
Wolberg #1

Amoco Production
Anderson #1
Amoco Production
Merrill Unit #1
Amoco Production
Richardson #1
Amoco Production
Roshau #1

Company
Company
Company
Company
Company
Company

Company

Three Forks

KB Top Bottom Thickness
2212 10537 10766 229
2583 10674 10871 197
2518 10958 11203 245
2673 11260 11489 229
2615 10518 10720 202
2574 11096 11338 242
2256 10640 10874 234
2526 11168 11397 229
2287 10330 10552 222
2310 10736 10989 253
2594 10399 10598 199
2130 10007 10229 222
2337 10710 10931 221
2324 10776 11005 229
2322 10840 11075 235

Lzt




Well Qtr. Sec-T-R
No.

7107 NESW 35-145-93
7745 NENE 10-147-92
7760 SESW 24-146-93
7978 NWSE 17-145-91
8095 SWNW 17-149-93
8107 SWNE 23-147-96
8115 NESW 24~142-92
8235 SESE 36-144-92
8374 NENE 4-144-96
8394 SESE 14-146-93
8396 SENE 15-141-97
8491 NESW 30-142-96
8536 SWSE 7-144-93

Kling #1-7

Operator Three Forks

Well Name KB Top Bottom Thickness
DUNN_(con't.)

Terra Resources Incorporated 2257 10303 10536 233

Borth #1-35

011 Development Co. of Texas 2048 10136 106373 237

Young Bear #1

Mosbacher Prod./Pruet 0il 2318 10463 10694 231

Thomas-Cook 24-1

Terra Resources Incorporated 2223 9912 10142 230

Tozier 1-17

Shell 0il Company 2330 10885 11121 236

Packineau 12-17

Amoco Production Company 2538 11184 11415 231

Engvold 1-A

Keldon 0il Company 2277 9551 9757 206

Dressler #1

Santa Fe Energy Company 2258 9746 9981 235

State Coyote Creek 1-36

Adobe 0il and Gas Corp. 2435 10957 11207 250

Federal Killdeer 41-4

Anr Production Company 2417 10589 10815 226

FLB Askew 1-14A

Puma Petroleum Company 2546 10588 10801 213

Hecker #1-15

Vanderbilt Resources 2635 10681 10881 200

Bullinger #1-30

Terra Resources Incorporated 2251 10271 10503 232

1A




Operator
Well Name

Three Forks
Bottom

Thickness

35-133-75

35-133~76

8~-132-78

30-134~75

10-132-76

13-136-75

15-140-105

9-138-105

27-141-105

22~137~106

12-144~104

23-144-105

4-135-105

EMMONS

Northern Ordnance Corp.
Franklin Investment 1
Roeser and Pendleton Inc.
Weber #1

Peak Drilling Company
Ohlhauser #1

Mobil Producing Company
Kruse F-22-30-p

Keldon 01l Company
Horner #3

Chevron et al.

Rambough #1

GOLDEN VALLEY

Blackwood and Nichols
Gilman #1

Amerada Petroleum Corp.
Ramona Waldron #1

Texas Gas Exploration Corp.
Guy M. Brown et al. #1
Shell 0il Cowmpany

Kremers #21X-22R

Terra Resources Incorporated
Federal #1-12

Tenneco 0il Company

Rose Gasho #1-23

Shell 0il1 Company

Smith #31-4




Sec~T-R

Operator

Well Name Top

Three Forks
Bottom

Thickness

26-143-103

18-144-103

7-141-104

28-137-~103

32-142-105

31-141-103

26-133-83

1-133-90

27-131-88

23-130-88

5-134-90

27-132-86

7-132-86

GOLDEN VALLEY (con't.)

Diamond Shamrock Corporation
Williamson Federal #42-26
Terra Resources Incorporated
Mosser #1-18

Moran Exploration Inc,
Kunick #1

Bass Enterprises

Bullion Butte Federal 28-1
Moran Exploration Inc.
Stecker #1

Jake L. Hamon

Tescher #3

GRANT

Youngbloed and Youngblood
Kelstrom #1

Cardinal Petroleum et al.
Bierwagen #1

Helmerich and Payne Inc,
Burlington Northern #J-27-1
Helmerich and Payne Inc.
Burlington Northern "L #23-1
Wainoco Incorporated

Krause #22-5

Gas Prod.-Al Aguitaine
Burlington Northern #]
Marshall R. Young 0il Co.
Burlington Northern #1




Sec-T~R

5-137-88

24~134-96

12-135-92

15-136-912

35-136-93

21-133-92

19-136~97

26-133-93

22-134-93

23~-133-96

14-136-96

31-134-96

16-132-93

3

Uperator
Well Name

KB

GRANT (con't.)

Texas Pacific 0il Co,, Inc.

William St

eckler #1

HETTINGER

2342

Socony Vacuum Pegasus Div.

Jacobs F-1

4-24~P §#1

Pubco Petroleum Corporation

Haberstroh
W. H., Hunt
Valentine

#12-2

Senn #)

Farmers Union Central Exch.

Grosz #2-3

5

Energetics Incorporated

Harsch-Meh

rer #44-~21

Wexpro Company

Jirges #1

Amoco Production Cowmpany

Charles Ro

kusek #1

Diamond Shamrock Corporation

Blickendor

{ #24-22

Amoco Production Company

Redetzke #

1

Amoco Production Company

Kenny #1]

Gulf 0Oil Explor. & Prod. Co.

Zenker 1-3

1-28

Supron Energy Corporation

Alexander

State 1-16

Top

Three Forks
Bottom

Thickness




Sec-T-R (perator

Well Name

Three Forks

Bottom Thickness

3-157-78

17-153-77

14-154-78

26-156-77

34-159-79

34-157-76

16-158-75

34-158077

31-155-77

12-145-96

21-152-94

13-148-98

28~148~104

17-152-94

McHENRY

Hunt 0il Company

Shoemaker #1

Hunt 0il Company

Peter Lenertz #1

Calvert Exploration Company
Fred and Signa Wright #1
Lion 0il Company

ED #1

smerada Petroleum Corp.

Ted Pfau #1

McMoran Exploration Company
State #1

McMoran Exploration Company
State #2

McMoran Exploration Company
Fairbrother #1

Asamera 0il Incorporated
Larson #1

McKENZIE

Amerada Petroleum Corp.
Ben Homer Risser #1
Stanolind 0il and Cas
Woodrow Starr #1

The California Company
Rough Creek Unit #1

Gulf ¢il Corporation
Bennie-Pierre Federal #1
Northern Pump Company
Cilbert T. Rohde #1

10938

10322

11273

10659




B et o, S i ) i . | a B o ST o o=

Well Qtr. Sec~T-R Operator Three Forks
No. Well Name KB Top Bottom Thickness
McKENZIE (con't.)

1606 NESW 35-150-97 Amerada Petroleum Corp. 2334 10962 11195 233
H. H. Shelvik #1, Tract #1

1886 NWSE 33-153-94  Amerada Petrroleum Corp. 2259 10721 - -
John Dinwoodie #1

2169 NESE 3-152-96  Texaco Incorporated 2320 10317 10527 210
L. Wisness #2

2226 SWNW 18-153-94  Amerada Pervoleum Corp. 2134 10595 10824 229
U.S.A. Thomas #1

2326 SWSE 14-154~-96  Amerada Petroleum Corp. 2144 10158 10384 226
Harry Mendenhall #1

2602 SENE 6-153-95 Texaco Incorporated 1983  9B04 10026 222 o
S. A, Garland #5 b

2820 NWSW 5-151-95 Texaco Incorporated 2416 10650 10863 213
F. P. Keogh f4

2967 NWSE 3-152-96  Texaco, Incorporated 2317 10314 10519 205
A. S. Wisness #2

3387 NWRW 7-152-94  amerada Petroleum Corp. 2190 10287 10476 189
Antelope Unit ~ F #1

4061 NWNW 16-152-93 Mobil 041 Corporation 2020 10520 10759 239
Grady Heirs F-11-16-1

4095 SESE 34-151-96 Amerada Petroleum Corp. 2432 10805 11622 217
Signalness - Tank Unit #1

4264 NENW 3-153~95 Texaco - Amerada - et al. 2193 10036 10244 208
A - (NCT-2 Well #3)

4439 NESE 18~151~103 J. H. Moore, et al. 2200 10697 10893 196
Olson #1

4594 NWNW 10-151-94  Petrel 0il Corporation 1956 10421 10634 213
Dragswolf #1

4723 SENE 23-151-101 Consolidated 0il & Gas Inc. 2048 10730 10955 225

Federal Land Bank #1




Well Qtr. Sec~T-KR Operator Three Forks
No. Well Name KB Top Bottom Thickness

McKENZIE (con't.)

5182 SENW 27-148-101 True 0il Company 2165 11319 11426 107
Burlington Northern #22-27

5345 NENE 27-150-103 Chandler and Associates 2248 10822 11004 182
Federal #1-27

5727 SESW 33-154-95  Amerada Hess Corporation 1923 9756 9964 208
Federal #33-1

5821 SWSW 31-149-104 Shell 0il Company 2128 10349 10512 163
USA #34X-31-1

5866 NWSW 11-149-99 Kerr-McGee Corporation 2194 11054 11304 250
Robert Peterson #1 —

5936 NWNE 29-149-95 Ashland Exploration Company 2294 10949 11188 239 ®
Melson #1-29

6049 SESE 8-148-102 FKerr-McGee Corporation 2446 11007 11201 194
Florence Hinnman #1

6122 NWNE 24-145-98  Gulf Energy & Minerals Co. 2578 11070 11310 240
Pete Glovatsky #1-24

6207 NWNE 27-153-95 Hunt 0il Company 2375 10378 10588 210
Haugen #1

6501 NESW 6-152-101 Gulf 011 Explor. & Prod. Co. 2214 10794 10999 205
Eckert Foundation #1

6544 SENE 29-145-103 Terra Resources Incorporated 2466 10684 10804 120
BN RR #1-29

6616 NENW 26-153-101 Mosbacher & Pruet 0il Co. 2100 10662 10868 206
F. L. B. #1-26

6710 SWNE 33-148-104 Pennzoil -~ Depeco 2278 10582 10756 174
Federal - #33-32

6790 SWNW 35-152-102 Superior 01l Company 2276 10867 11076 209
Donald Link #1

6826 SWNE 19-149-97 Samedan 011 Corporation 2244 11130 11376 246

Kelly #1 i




Opérator

Well Name Top

11-150-104
15-146~101
3-147~104
30~145-99
10-147-101
11-151-97
16-153-97
25~145-101
24-145-104
21-146-99
33-151-99
4-149-104
24-148~103
31-150-102

20-150~94

Three Forks
Bottom

Thickness

McKENZIE (con't.)

Shell 0il Company

U.S.A. #43-11

Pennzoil Company
Pennzoil-Depco #15-44-BN
Brownlie, et al.

Federal #3-22

Ladd Petroleum Corporation
Duncan Federal 30-24
Pennzoil Company

Federal #10-41

Supron Energy Corporation
Rolfsrud #1

ettty 0il Company

Tobacco Garden #16-12

Belco Petroleum Corporation
Sheep Creek BN #16-25

Shell 0il1 Company

USA #42-24A

Pennzoil Explor. & Pred. Co.
Grassy Butte Federal #21-21
Texaco Incorporated
Torstenson #1

Shell 0ii Company

USA #44-4

Shell 0il Company

USA #22-24

Tenneco 0il Company

Buder USA #1-31

Helmerich and Payne Inc.
Matthew #1-20




Sec~T-R Operator

Well Name

Three Forks
Bottom

KB

Top Thickness

34-147-99

23-150-98

5-150-95

22-149-100

23-145~-99

1-145-100

34-150-99

6-152-95

3-146-102

25-147-98

6-146-103

8-152-102

18-146-104

24-149-101

8§-147-1013

McKENZIE (con't.)

Pennzoil Explor. & Prod. Co.
Slawson #34-12

Gulf 0il Explor. & Prad. Co.
Shafer State #1-23-38
Texaco Incorporated

Loomer #11

Champlin Petroleum Company
State - Rogness #1

Amoco Production Company
Hamre #1

Amnco Production Company
Storm #1

Alpar Resources Incorporated
Rogness #1-134

Amerada Hess Corporation
Grimestad #4-6

Pennzoil Exploration et al.
Covered Bridge #3-22 BN
Gulf 0il Explor. & Prod. Co.
Mormon Butte Federal #1-25-3C
Shell 0il Company

USA #43-6-117

Gulf 0il Explor. & Prod. Co.
Rehberg #1-8-2D

Shell 0il Company

U.S.A. #33-18-123

Traverse 0il Company
Nygaard #1-24

Shell 0il Company

Usa #42-8




Operator
Well Name

34-151-102

26~150-100

29-150-101

17-145-102

34-149-103

22-149-96

3-146-98

32-149-102

28-150-80

2-146-81

1-150-90

7-148-89

McKENZIE (con't.)

H. N. G. 0il Company
Link #34-1

Mobil 0il1 Corporation
Rogness #1

Texas Gas Explor. Company
Nygaard #1-29

Pennzoil Company

$ix Creek #27-13-BN
Patrick Tetroleum Corp.
Winter Federal #1-34
Apache Corporation
Federal #22-1

W. H. Hunt Trust Estate
Brockmier #1

W. H. Hunt Trust Estate
Cross #1

ﬁpLEAN

Stanolind 0il & Gas Co.
Mclean County #1

Herman Hanson Oil Syndicate

N. E. Hanson #1

Home Petroleum Coumpany
Tribal 1-1

Apache Corporation
Solcum #1

Three Forks
Bottom

Thickness

10847

11160

10970

10493

10892

11069

11277

10967




Sec-T-R

28-142-89
10-144~-88
25-146-90
13-143-90

29-144-90

30~139-86
27~-139-90
34-135-83
34-137-83

5-138~83
18-136-81
26-140-88
19-1138~85

6-138-85

Operator
Well Name

MERCER

F. F. Kelly

¥, Leutz #1

Williston 0il and Gas Co.
Boeckel et al. #1
Continental 0il Company
Gust Schuh #1

True 0il Company

Hauck #13-13

Caonoco

Conoco Entze #29-1

MORTON

Deep Rock 0il Company

Hilda Johnson "A" #1

Pan American Petroleum Corp.
Raymond Vetter #1

Amerada Petroleum Corp.

James Meyer #1

Austral 0il Company, Inc.
John J. Leingang Unit 6524 #1
Campbell and Partners

Picha #1

Mouston 0il and Minerals Corp.
Haider et al. #1

Amoco Production Company
Richter #1

Amoco Production Company

Olin #1

Amoco Production Company
Karch #1

KB

Top

Three Forks

Bottom

Thickness

s




>

Sec~T-R Operator Three Forks
Well Name Bottom Thickness

MORTON (con't.)

14~137-87  Texas Pacific 0il Company
Bachler #1
5-140-89  Amoco Production Company
Wehri #1
19-138-86  Amoco Production Company
Olsen #1
1-137-87  Sunmark Exploration Company
Jacob Larson Sun #1
17-140-82  Shell 0il Company
Vogel 22-17
2-134-83  Pennzoil Company
Railroad Bend #2-24

MOUNTRAIL

NWNE 25-157-89 William Herbert Hunt 2271 8674
Anderson #1

NENW 9-150~92  Hunt Petroleum Corporation 2115 10691
Josephine Dancing Bull #1

SENW 4-150-93  Texaco, Inc. - Skelly 0il Co. 2198 10975 :
Fort Berthold - Allottees #1-A

NENE 22-158-94 Anerada Hess Corporation 2367 10000
Erickson #2X

NENW 35-156-93  Shell 0il Company 2409 10536
Shell - Texel #21-35

NWSW 34-151-90  McCulloch 0il Corporation 2223 10012
Wahner #1-34

SWSE 9-157-94 Brownlie, Wallace, et al. 2325 9909
Jorstad #9-34




10-155-91
14-157-90
2-155-90
16-153-88
9-155-94
28-156-94
3-152-90

17-157-91

3-141~81
14-142-85

24~142 85

QOperator
Well Name

MOUNTRAIL (con't.)

Thomson Petroleum lnc.
Barstad et al, #1

True 011 Company
Halvorson #43-14

Donald C. Slawson

Kuamme 2-1

Marathon 0il Company
Olson State #1

Kissinger Petroleum Corp.
Grondale #1-9

Kissinger Petroleum Corp.
Ortloff #13-28

Lear Petroleum

School District #3, Well #1
True 0il Company

Kuster #14-17

OLLVER

Youngblood and Youngblood
Wachter #1

Sunray DX 0il Company
Henke #1

General American 01l Co.
Henke #1-24

9595

8769

9062

8746

10234

10382

9225

9381

Three Forks
Bottom

Thickness




435

538

706

716

780

3920

5576

1689

64136

6466

6504

6624

6684

SWNE

NESE

SESE

NWNE

NWSW

SESE

SWSHW

NENW

SESE

SWHE

SWNE

SENW

NENW

Sec T-R

12-158-69
17-154-72
23-157-70
3-158-70
3-157-73
23-152~-74

34~152-73

7-158-81
5-163-87
3-163-87
1-162-87
1-161-85

2-161-85

Operator
Well Name

KB

Top

Three Forks
BRottom

Thickness

PIERCE

Elbert Jackson Brown
Brown Heckman #1
Calvert Exploration
Ranberg #1

Shell 0il Company
Gifford Marchus
Shell 011 Company
Joseph Bacher #1
Earl F. Wakefield
Christianson #1

A. J. Hodges Industries
Martin #1

Getty 0il Company
Ludwig Vetter #1

Anschutz Drilling Company
Einar Christianson #1
Shell 0il Company

Duerre #43-5

Shell 011 Company

Mott #32-3

Stone 011 Company

Ones #1

Shell 0il Company
Osterberg #22X-1

Shell 0il Company

Dennel - Osterberg #21-2

1589
1566
1652
1608
1486
1605

1579

1532
1822
1734
1716
1715

1713

2567

29613

2794

3396

5442

6019

5846

6069

5838

5839

2580

3528

2992

2822

3442

3973

3838

5552

6210

6033

6261

6003

6001

13

29

28

46

110

191

187

192

165

162

1




-

Well Qtr. See~T~R Operator Three Forks
No. Well Name KB Top Bottom Thickness
RENVILLE (con't.)

7577 SWNW 15-160~-86 Shell 0il Company 1842 6540 6733 193

Dewing #12-15
ROLETTE

83 SENW 23-161~73 Lion 0il Company 1627 3268 3301 33
Sebelius #1

316 NWSW 23-160-~70  Evans Production Corporation 1691 2785 2823 38
Johnson #1

553 NWSW 16~-163-69 S. D. Johnson 1868 2594 2628 34
Lawston #1

579 SWSE 3-163-70 S. D. Johnson 1902 2763 2802 39
Tinglestad ~ State #1

615 SENE 20-~162-69  Sun 0il Company 1807 2658 2695 37
William Wayne #1

702 SESW 10-159-71 Shell 0il Company 1599 2974 2997 23
Ella M. Amble #1

754 SWSW 18-161-70 British American 0il Prod Co. 1734 2925 2953 30
S. Grenier #1

806 NESE 14-163-73 British American 01l Prod Co. 2180 3565 3611 46
H. Dietrich #1

917 NESE 22-160~72  Lion 0il Company 1602 3060 3095 35
Nelson #1

981 SENE 26-163-72  Lion Oil Company 2218 3445 3491 46
Lion #1 Danielson .

1630 NWSE 19-161-~72  General Crude 0il Company 1633 3214 3248 34

A. Higgens #1

(44!




Operator
Well Name

Three Forks
Bottom

Thickness

15-148-76

1-147-75

19-146-76

16-146-74

29-131-80

27-129-85

28-129-84

21-134~-105

18-135-103

33~133-101

10-135-101

SHERIDAN

Caroline Huut Trust Estate
John Waltz Sr. #1
Caroline Hunt Trust Estate
Julius R. Matz #1
Caroline Hunt Trust Estate
Walter E. Bauer i1
Caroline Hunt Trust Lstate
C. A, Pfieffer #1

S10UX

The Ohio 0il Company

Sranding Rock Sioux Tribal #1
Unichem International Inc.
Jacobs #1

Chevron - Sonat

Mortenson #1

Sun 0il Company

Greer - Federal #1

Amerada Petroleum Corp.
Ivan Mitchell #1

States OlL1 Company

Sedevie #1

Jerry Chambers-0il Producer
William Rabe #1




Well
No.

5933

6412

6855

7016

7132

7548

7850

7987

344

3515

5143

5255

6243

Qrr.

SESW

NWNE

SENW

SESW

SWSE

SENE

SENW

NWSE

SWNE

NWNW

NENW

NESW

SENW

Sec~-T-R

9-133-102
34~-136-101

4~136-102
23~133-100
22-136-99
22-133-106
23~134-100

17-135-98

11-137-98
9-140-93
9-137~-97

22-137-95

26-137-92

+

Operator
Well Name

SLOPE (con't.)

Jerry Chambers-0il Producer

Burke #1

Fatrick Peiroleum Company

Federal #1

Gulf 0il Explor.
Federal Doty #1
Ladd Petroleum Corporation
Sanders #23-~24

Terra Resources Inc,

Witman #1-22

Terra Resources Inc.

Wang #1-22

Gulf 0i1 Explor. & Prod. Co.
Gulf-Pogo-Narum 1-23-1C
Cities Service Company

Schmitt B i1

STARK

Plymcuth Oil Company

I'. Fischer #1

Continental 0il Company

Stoxen #1

Lone Star Producing Company

Wanner #1

Continental 0il Company
Feimer - Anger #]
Energetics Incorporated
Martin - Kilzer #22-26

& Prod Co.

KB

2897

2751

2658

2879

2686

2828

2955

2870

2798

2292

2688

2717

2357

Top

9250
§765
9788
9198

9671

9527

9630

10042

9436

9862

9550

8534

Three Forks
Bottom

9300

9871

9905

9305

9820

8893

9641

9783

10228

9613

10089

9752

8722

Thickness

50

166

117

107

149

114

153

186

177

227

202

188

791



21-138-99
8-139-97
16-139-92
26-138-98
30-139-96
5-140-95
28-141-93
9-139-99
21-138-92

36-140-95

35-161-68
3i~158~-66

24~160-67

Operétor
Well Name

KB

STARK (con't.)

Impel Energy Corporation
Beaudoin #10-21

Anadarko Production Company
Kastelecky #1

W. H. Hunt Trust Estate
Rummel State #1

Suprun Dnergy Corporation
privratsky #1

Shell 0il Company
¥ostelecky #31-30

Hunt Energy Corporation
Barta #1

Mobil 0il Corporatiom
Bernhardt #1

Monsanto Company

Froelich #1

Gulf 0i! Explor. & Prod. Co.
Leviathan #1-21-1B

Supron Energy Corporation
Lawrence f1

TOWNER

vnion 0il Co. of Catlif.

A. Saari #1

National Bulk Carriers Inc.
Idna Louise Hild #1

Midwest Exploration Corp.
U. C. L. 1. Amann #!

Top

Three Forks

Bottom

10213

10039

9217

10090

9938

10115

9474

10421

8841

9818

10401
10212
9379
10278
10118
10344
9655
10632
9009

10047

Thickness




Well
No.

434

3980

4976

4979

6372

47

52

105

126

392

588

656

4923

Qrr.

NWNW

SWSE

SWNE

SWSW

NESE

SESW

NENE

SWNE

SWSE

SWSW

SWSE

NWNE

NWNE

Sec~T-R

27-163-68

7-162-68
22-163-65
24-163-67

11-158-66

23-155-81
24-156-85
2-153~85
33-156-83
21-157-85
33-152-82
13-155-82

5-156-81

Qperator
Well Name KB

Top

Three Forks
Bottom

Thickness

FOWN@EV(con’t.)

Midwest Exploration Company 1713
Juntunen #1

National Assoc. Petroleum 1761
Keith Dunlop #1

Eagle 01l Company 1634
Elmer Cole #1

James T. Wamsley, Trustee 1542

Wamsley #1 Johnson
Hawn Brothers & Gragg Drill. 1480
Rader et al. #1

WARD

Herbert Hunt Trust < 1596
Wald #1

Wanette 0il Company et al. 1839

M. 0. Lee #1

Stanolind 0il & Gas Company 2175
W. Waswick #1

Quintana Production Company 1772
Chris W. Linpertz #1

Sam G. Harrison 1875
J. E. Anderson #1

W. H. Hunt 2087
F. €. Neumann

W, H. Hunt 1632
Guy Almy #1

Union 0il Co. of Calif. 1573

Olson #1-B-5

2292

2461

1921

5730

6764

7576

6388

6997

6815

6042

5679

2329

2497

1530

2010

5848
6954
7797
6560
7190
6973
6177

5809

37

36

118

190

221

172

193

158

135

130



Well Qer. Sec~T-R Operator Three Forks
No. Well Name KB Top Bottom Thickness
WARD (con't.)

4990 NWSW 22-156-84 Anschutz Corporation et al. 1788 6605 6778 173
Musch #1

4992 NESE 2-156-82 Union 0il1 Co. of Calif. 1618 5831 5982 151
Harold Anderson #1-1-2

51065 NWNW 28-152-86  General Crude 0il Company 2120 8146 8360 214
Jerome Jensen #1

5158 NENW 13-153-85 Union 0il Co. of Calif. 2117 7551 7758 207
Hanson #1-C-13

6540 NENE 30-153-84  Koch Exploration Company 2123 7540 7740 200
Jacobsen Federal #1-30

7612 SESW 15-155-87 Marathon 0il Company 2219 8151 8357 206
Berg #15-24

WELLS

207 SESE 27-146-73  Continental 0i} Company 1933 - 4256 -
Lueth #1

609 SWSE 14-148-71 Caroline Hunt Trust Estate 1612 - 3392 -
George Leitner #1

642 NWNE 32-150-70 Caroline Hunt Trust Estate 1599 - 3293
Obed Larson #1

689 NENE 31-147-171 Caroline Hunt Trust Estate 1702 - 3622 -
Norris Thormodsgard #1

WILLIAMS
2828 NWNYW 15-154-98 Texaco lncorporated 2233 11142 11370 228

L. J. Hovde #1

%1




Operator
Well Name

20-159-103

12-159-96

19-159-95

26-158~95

2-154-95

18-157-103

21-154-103

21-158-103

26-156-96

29-157-95

3-157-95

32-156-103

18-155-95

35-155-96

Three Forks
Bottom

Thickness

WILLIAMS (con't.)

Hunt 0il Company

Isabelle Legpe #1

Co-op Refinery Association
Goetz #1

Calvert Drilling and Prod.
F. E. McCoy #1

Amerada Petroleum Corp.
Hjalmer Ives #B-1

Pan American Petroleum Corp.

Clifford Marmon #1

Miami 0il Producers, Inc.
Nellie Miller #1

Sam Boren

Rooke #1

Universal Resources Corp.
Agnes Burns #1

Amerada Hess Corporation
BLDU D-311

Tiger 0il Company

Olson {#1-29

Texacota Incorporated

H. Borstad #1

True 0il Company

Aafedt #22-32

Amerada Hess Corporation
Marvin Iverson #23-18
Amerada Hess Corporation
Capa Deep Unit 31-35 #1

2001

2317

2367

2460

1972

2293

2223

2192

2357

2313

2468

2433

2305

2032




Well Qtr. Sec-T-R Operator Three Forks
No. Well Name KB Top Bottom Thickness

WILLIAMS (con't.)

6687 SWNE 16-154-95 Amerada Hess Corporation 2300 10104 10315 211
State £ 32-16 #1

6702 NWSW 30-157-101 Union Texas Petroleum 2383 10366 10556 190
Melvin Anderson #1

6723 NESW 2-157-96  Apache Corporation et al. 2423 9996 10194 198
Delaney #1-2

6745 SESW 10-159-97  Hunt Energy 2317 9685 9889 204
Halvorson f#1

6806 NWNE 8-155-101 Tenneco 0il Company 2192 10580 10764 184
Bouke #1-8

6847 SWNE 10-158-101 W. H. Hunt Trust Estate 2033 9547 9732 185 —
Tangen #] 5

6896 NESE 22-157-100 W. H. Hunt Trust Estate 2075 10186 10380 194

. KNOS #1

6915 SWSW 26-156-95 Kissinger Petroleum Corp. 2411 10216 10447 231
Olson #13-26

7004 NESE 30-155-100 Lamar Hunt 1898 10532 10725 193
Treffry #1

7054 NENW 14-156-102 Patrick Petroleum Company 2151 10280 10461 181
Fedje #1

7063 SWNW 22-157-97 Hunt Energy Corporation 2339 10524 10734 210
Johnson #1

7330 NENE 33-159-100 W. H. Hunt Trust Estate 2011 9463 9650 187
Dragseth #1

7405 SWNE 8~155-99 Al Aquitaine Explor. Ltd. 2116 10779 10982 203
R. B. Brown #1-8

7470 NESE [-153-99  Northwest Explor. Company 2342 11266 11479 213
Long Creek #2

7632 SWNW 25.153-104 Gulf Vil Explor. & Prod. Co. 2172 10567 10756 189

Nordell #1-25-'1D




Well Qtr.
No.

7665 SESE
7712 SWsW
7848 NWSE
7870 SWSE
7931 NWSE
8239 SWNE
8256 SWSW
8316 SWSE
8413 SENW
8423 SESW
8441 NENE
8571 SWNW

Sec-T-R

10-158~96

21-155-98

2-158-100

4-158-103

33-155-97

17-158-97

13-154-100

18-155-102

14-156-97

9-154-102

1-153-100

§-155-102

Operator Three Forks

Well Name KB Top Bottom Thickness
WILLIAMS (con't.)

Northwest Explor. Company 2372 9840 10047 207

sundhagen #2

Shell 0il Company 2248 11076 11281 205

Kirk Patrick #14-21

Depco Incorporated 2140 9735 9927 192

Smith #33-2

Donald C. Slawson et al. 2146 9352 9523 171

T. M. Tribal #4-1

Mapco lncorporated 2124 10809 11028 219

NCGA #14-33

Lear Petroleum 2298 10057 10253 196

Qase {1

Samedan 0il Corporation 2241 11002 11192 190

Soc Minerals #1

pPepco Incorporated 2157 9248 9429 181

Fischer #34-18

Depco Incorporated 2255 10259 10452 193

Whittrock #22-14

Gulf 0il Explor. & Prod. Co. 2155 10614 10818 204

Alfson #1-9-4C

Mapco Production Company 2313 11165 11360 195

Tofte #1-1

Al Aquitaine Explor. Ltd. 2309 10581 10764 183

Jorgenson #1-9,

051




APPENDIX B

CORE AND THIN SECTION DESCRIPTIONS h

Cores and thin sections are arranged alphabetically by county
and numerically by North Dakota Geological Survey (NDGS) well num~
bers within counties. Core and thin section depths are recorded from
core~box labels as filed with the NDGS Wilson M. Laird Core and
Sample Library. Core descriptions are given in intervals listed
on the left side of the page. Thin section descriptions are in-
dented, and are listed by depth below the Kelly Bushing. Each core
descriprion is preceded by a legal description which includes
well number (NDGS), location (section, township, and range), well
operator, and well name. The elevation of Kelly Bushing (KB) in
feet above sea level is included in the legal description.

Core description format is as follows: Rock name; color; fos-
sil content; bedding structures; mineralogy; and miscellaneous
features. Thin section description format is as follows: rock
name; color; fossil content; bedding structﬁres; mineralogy; and
miscellanecus features. Standard terminology used in the descrip-
tions have been proposed by the following authors: Folk (1959),
rock name; Goddard et al. (1948), color; and Maiklem et al. (1969),
anhydrite morphology and structures. :
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BILLINGS COUNTY

NDGS #9351
LEGAL: Supron Energy Corp./F-6~144-101, #3 NWSE 6-144-101 KB: 2203

Core depth Core description

Thin section depth Thin section description

10469.5 Dolomicrite: grayish-brown (5 ¥R 3/2) with grayish-olive
green (5 GY 3/2) stringers; wavy laminations; intra-
clasts; pyritic; unconformable contact with Bakken For—
mation.

10469.5 Dolomicrite; grayish~brown; conodonts; intra-
clasts, spar calcite, dolomite, pyrite; uncon-
formable contact with black shales of Bakken
Formation.




NDGS #505

LEGAL: Socony Vacuum/Dvorak F-32-6P  SENE 6-141-94  KB: 2296 ‘

Core depth

10116~
10126

10126~
10132

16132-
10145

10145~
10154

10154~
10159

10159~
10169
10169~
10174

10174~
10183

10183~
10190

10190~
10199

DUNN COUNTY

Core description

Thin section depth Thin section description

Dolomicrite; olive gray (5 Y 3/2) and pale yellowish~brown
(10 YR y/2); interbedded; quartz silt; micro-~faulted.

Dolomicrite; grayish-olive green (5 GY 3/2) and pale
brown (5 YR 5/2); interbedded, cross-laminated; guartz
silc.

Argillaceous Dolomicrite; grayish-brown (5 YR 3/2);
slightly mottled; pale orange (10 YR 8/2) nodular anhy-
drite.

Argillacecus Dolomicrite; light olive gray (5 Y 53/2) and
olive gray-(5 Y 3/2); mottled; very pale orange (10 YR
8/2) to grayish-orange pink (5 YR 7/2) nodular anhydrite;
micro—~faulted.

10153.3 Argillaceous Dolomicrite; olive gray; gastro-—
pod, ostracode (?7); mottled; intraclasts,
microspar, dolomite, quartz silt, anhydrite;
micro-faulted, fractured.

Dolomicrite; grayish-brown (5 YR 3/2) and pale yellowish-
brown (10 YR 6/2); interbedded; quartz silt.

Dolomicrite; lignt olive gray (5 Y 5/2) and grayish-brown

(5 YR 3/2); interbedded; very pale orange (10 YR 8/2)
distorted bedded nodular anhydrite.

Missing
Dolomicrite; light olive gray (5 Y 5/2) and light brown
{5 YR 5/6); mottled.

Argillaceous Micrite; dusky brown (5 YR 2/2); laminated;
intraclasts.

Argillaceous Micrite} gravishn-brown (5 YR 3/2); lami-
nated.
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10199~ Micrite; grayish-olive green (5 GY 3/2) and dark reddish-
10205 brown (10 R 3/4): interbedded; hematitic.

10205~ Argillaceous Micrite; grayish-brown (5 YR 3/2) and grayish-
10215 olive green (5 GY 3/2); mottled; grayish-orange pink (5

YR 7/2) distorted modular mosalc anhydrite.

NDGS_#607

LEGAL: Mobil Producing/Kennedy F-32-23~-P  SWNE 24-149-93 KB: 2146

Core depth Core description

Thin section depth Thin section description
10602~ Argillaceous Micrite; dark gray (N3); structureless to
10604 mottled.
10604~ Missing
10607
10607~ Argillaceous Biomicrite; medium (N5) to dark gray (Ne);
10610 brachiopod; mottled; pyritic; bioturbated; geopetal in-

i1l
10607.5 Argillaceous Biomicrite; dark brown; brachio~

pod, echinoderm, and ostracode fragments;
gilicification; mottled; dolomite, quartz
silt, blocky anhydrite, pyrite; organic part-
ings, stylolites, burrowed.

10608 .2 Argillaceous RBiomicrite; dark brown; brachio—
pod, bryozoan, echinoderm, and ostracode frag-
ments; mottled; spar calcite, pseudospar, dolo~
mites; organic partings, styvlolites.

10609.3 Argillaceous Riomicrite; dark brown; brachio~
pod, bryozoan, gastropod, echinoderm, mollusk,
and ostracode fragments; mottled; spar cal-
cite, pseudospar, dolomite, anhydrite, pyrite;
stylolites, geopetal infill.

10610~ Argillaceous Dolomicrite; moderate blue-green (5 BG 4/6)

10612 and pale yellowish-brown (10 YR 6/2); interbedded, cross-
laminated; quartz silt.

10612 Dolomicrite; grayish-brown (5 YR 3/2); brecciated; quartz

10613 silt, intraclasts, pyritic; micro-faulted.

10613~ Dolomicrite; pale yellowish~brown (10 YR 6/2); cross-—

10615 laminated; guartz silt.




10615~
10616

10616-
10622

10622~
10625

10625~
10627

10627-
10628

10628~
10631

10631~
10633
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Argillaceocus Dolomicrite; grayish-blue green (5 BG 5/2)

and pale yellowish-brown (10 YR 6/2); interbedded, brec-
ciated; intraclasts; micro-faulted, water escape struc-

tures.

10615.5 Argillaceous dolomicrite; grayish-blue green
and dark yellowish-brown; interbedded, brec-
ciated, wavy laminations; intraclasts, dolomite,
quartz silt, blocky and lath anhydrite, pyrite;
organic partings, water escape structure.

Argillaceous Dolomicrite; grayish-blue green (5 BG 3/2)
and pale vellowish-brown (10 YR 6/2); interbedded, cross-—
laminated, mottled; quartz silt; micro-faulted.

Argillaceous Dolomicrite; grayish-blue green (5 BG 5/2)
and pale vellowish-brown (10 YR 6/2); interbedded, brec-
ciated, cryptalgal (?); quartz silt, intraclasts, pyritic;
water escape structure.

Argillaceous Dolomicrite; grayish-blue green (5 BG 5/2)
and pale yellowish-brown (10 YR 6/2); interbedded, brec-
ciated, cross-laminated, cryptalgal; quartz silt, bio-
turbated.

10625.7 Argillaceous Dolomicrite; grayish~blue green
and yellowish-brown, ostracode fragments; inter~
bedded, mottled, brecciated, cross~laminated;
dolomite, blocky anhydrite, pyrite, hematite;
organic partings, micro-faulted.

Argillaceous Dolomicrite; grayish-blue green (5 BG 5/2);
mottled.

Argillaceous Dolomicrite; grayish-blue green (5 BG 5/2)
and pale yvellowish-brown (10 YR 6/2); interbedded,
mottled, brecciated, cross-—laminated; quartz silt, py-
ritic.

10629.3 Argillaceous Dolomicrite; olive gray and
yellowish-brown, interbedded, mottled, brec-
ciated, cross-laminated; intraclasts, spar
calcite, dolomite, gquartz silt, blocky
anhydrite, pyrite, hematite; organic part-
ings.

Argillaceous Dolomicrite; grayish-~blue green (5 BC 5/2)
and pale vyellowish~brown (10 YR 6/2); brecciated, wavy
laminations; incraclasts, pyritic; micro-faulted.
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10633~ Argillaceous Dolomicrite; grayish-blue green (5 BG 5/2)

10634 and pale yellowish~brown (10 YR 6/2); interbedded,
mottled, cross-laminated; quartz silt, pyritic; mud-
cracks (7).

10633.4 Argillaceous Dolomicrite; bluish-green and
vellowish~brown; interbedded, cross-laminated;
microspar, dolomite, quartz silt, blocky anhy-
drite, pyrite; organic partings, fractured,

mudcracked.
10634~ Argillaceous Dolomicrite; grayish-blue green (5 BG 53/2)
10637 and pale yellowish-brown (10 YR 6/2); interbedded, mottled,
cross—-laminated; quartz silt.
10637~ Argillacecus Dolomicrite; grayish-blue green (5 BG 5/2)
10640 and pale yellowish-brown (10 YR 6/2); mottied, brecciated,

oncolite; intraclasts, pyritic; stylolites, wmicro~faulted,
water escape structures.

10637.7 Argillaceous Dolomicrite; olive gray; mottled,
brecciated; dolomite, anhydrite, pyrite.

10638.2 Argillaceous Dolomicrite; yellowish~brown;
ostracode fragments; mottled, dolomite, quartz
silt, blocky anhydrite, pyrite; organic part-
ings, stylolites, burrowed.

10640~ Missing
10651
10651~ Argillaceous Dolomicrite; olive gray (5 Y 3/2) and grayish-

orange pink (5 YR 7/2); mottled; carbonaceous streaks;
micro-faulted.

NDGS #793

LEGAL: Mobil Producing/Birdbear #1 SENW 22-149-91 KB: 2092

(Core and thin section depths disagree by approximately 10 feet with
the mechanical log and have been adjusted accordingly.)

Core depth Core description
Thin section depth Thin section description
10078~ Micrite; dark gray (N3); laminated; quartz silt.

10085
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Argillaceous Dolomicrite; dark gray (N3) and light olive
10091 gray (5 Y 5/2); mottled; quartz silt, intraclasts, py~
ritic; bioturbated, micro-faulted.

10088.7 Argillaceous Dolomicrite; light brown; mottled;
intraclasts, dolomite, quartz silt, blocky P
anhydrite, pyrite; organic partings, biotur- i :
bated.

10089.5 Argillaceous Dolomicrite; brownish-~gray; brachio-
pod fragment; mottled; dolomite, quartz silt,
blocky and replacement anhydrite, pyrite; bio- L
turbated. T

10090.5 Argillacecus Dolomicrite; yellowish-brown;
mottled; spar calcite, dolomite, quartz silrc,
blocky anhydrite, pyrite; slightly bioturbated.

10091~ Argillaceous Dolomicrite; pale yellowish-brown (10 YR 6/2)

10115 and olive gray (53 Y 3/2); interbedded, cross-laminated,
cryptalgal; quartz silt, intraclasts; micro-faulted, water
escape structures, tepee structure, mudcracked.

10091.3 Argillaceous Dolomicrite; olive gray and yel-
lowish-brown; mottled; intraclasts, dolomite,
quartz silt, blocky anhydrite, pyrite.

10093 As above; dark vellowish-brown; intraclasts,
replacement anhydrite.

10¢93.8 As above; olive gray; fracture~filling anhydrite;
stylolites. .
10097 Argillaceous Dolomicrite; yellowish-brown and

olive gray, interbedded, laminated; intraclasts,
dolomite, quartz silt, blocky and fracture-
filling anhydrite, pyrite; organic partings,
stylolites, water escape structures, fractured. ‘

10098.7 As above; wispy laminations; spar calcite.
1012 As ahove ?
10115~ Argillaceous Dolomicrite; pale brown (5 YR 5/2); cross- '
i 10126 laminated, cryptalgal; quartz silt, intraclasts; water

egeape structures.

10115.6 Argillaceous Dolomicrite; dark yellowish-brown;
massive bedded; intraclasts, dolomite, quartz :
silt, blocky and replacement anhydrite. ;




10126~
10135

10135~
10155

10155=
10165

10165~
10185

10185~
10188

10188~
10201

10201~
10207

10207~
10211
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10124.3 Argillaceous Dolomicrite; vellowish-brown
and olive green; interbedded, laminated;
jintraclasts, dolomite, quartz silrt, blocky
anhydrite, pyrite; organic partings, stylo-
lites, water escape structure.

Argillaceous Dolomicrite; olive gray (5 ¥ 3/2) and pale
yellowish~brown (10 YR 6/2); massive bedded; intraclasts,
stylolites.

Argillaceous Dolomicrite; pale yellowish-brown (10 YR 6/2)
and grayish—-green (5 G 5/2); interbedded, mottled; quartz
silt, intraclasts; micro—faulted.

10152.7 Argillaceous Dolomicrite; yellowish-brown and
grayish-green; ostracode fragments; mottled,
laminated; intraclasts, Spar caleite, dolomite,
quartz silt, blocky anhydrite, pyrite; stylo-
lites.

10154.8 As above. A

Missing

Argillaceous Dolomicrite; dusky brown (5 YR 2/2) and
olive gray (3 Y 3/2), mottled; intraclasts; micro-faulted.

10165- Argillaceous Dolomicrite; olive gray; mottled; ’
10185 intraclasts, spar calcite, dolomite, quartz

(position silt, blocky anhydrite, pyrite; organic part-

in box ings, stylolites.

unkrnown)

Missing

Argillaceous$ Micrite; grayish—brown (5 YR 3/2); mottled;
intraclasts.

Argillaceous Micrite; grayish-brown (5 YR 3/2) and grayish-
olive green (5 GY 3/2); interbedded, cross—laminated;
quartz silt, intraclasts; micro-faulted, muderacked.

10205 Argillaceous Micrite; gravish-olive green;
mottled:; intraclasts, microspar, dolomite,
blocky anhydrite, pyrice; stylolites.

Argillaceous Micrite; grayish-olive (10 Y 4/2) and gravish~
olive green (5 GY 3/2); slightly mottled, laminated;
quartz silt; micro~faulted.
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10210.8 Argillaceous Micrite; grayish-olive green;
ostracode (?7) fragments; laminated, graded

bedding; intraclasts, microspar, dolomite,

quartz silt, anhydrite, pyrite; micro-faulted.

Argillaceous Dolomicrite; grayish-brown (5 YR 3/2) and
grayish-olive green (5 GY 3/2); interbedded, mottled,
finely laminated; light bluish-gray (5 B 7/1) and very pale
orange (10 YR 8/2) distorted nodular anhydrite.

10215.1 Argillaceous Dolomicrite; grayish-brown and
grayish—olive green; mottled:; intraclasts, spar
calcite, dolomite, quartz silt, blocky and
felted anhydrite, pyrite, hematite; stylolites.

10217.8 As above; laminated; intraclasts.
10219.6 As above; intraclasts, spar calcite.

Argillaceous Dolomicrite; grayish-=brown (5 YR 3/2); wavy
laminzations; white (N9) distorted mosaic anhydrite, intra-

clasts; micro—faulted.

10222.3 Argillaceous Dolomicrite; grayish-brown; wavy
laminations; intraclasts, spar calcite, dolo-
mite, quartz silt, felted anhydrite, pyrite,
hematite, stylolites.

10222.8 As above; ostracode fragments; intraclasts,
blocky anhydrite; stylolites.

10227.6 As above; yellowish-brown; ostracode (?)
fragments; wispy laminations; intraclasts,
blocky anhydrite.

10228.7 As above; grayish-olive green; massive bedded:
intraclasts, blocky anhydrite.

10230.1 As above; massive bedded; intraclasts, blocky
and felted anhydrite; stylolites.

Argillaceous Dolomicrite; grayish-brown (5 YR 3/2) and
grayish-olive green (5 GY 3/2); interbedded, wavy lamina-
tions, cryptalgal; very pale orange (10 YR 8/2) distorted
nodular anhydrite; stylolites.

10238.2 Argillaceous Dolomicrite; grayish-brown grad-
ing into grayish-olive green; ostracode frag-
ments; mottled; intraclasts, spar calcite,
dolomite, quartz silt, blocky anhydrite,
pyrite, hematite; micro-faulted.
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10243~ Argillaceous Dolomicrite; grayish-brown (5 YR 3/2);
10248 slightly mottled; very pale oramge (10 YR 8/2) distorted
bedded nodular anhydrite;j stylolites.

10243.2 Argillaceous Dolomicrite; grayish-brown; ostra= .
code (?) fragments; massive bedded; intra-
clasts, dolomite, quartz silt, blocky anhydrite,
hematite.

10246.1 As above; mottled; microspar, fracture~£filling
anhydrite.

10248~ Argillaceous Dolomicrite; grayish-green (5 G 5/2)
10253 mottled, wavy laminations; very pale orange (10 YR 8/2)
distorted bedded nodular anhydrite, intraclasts, stylo-
lites.
10248.2 Argillacecus Dolomicrite; grayish-green;

mottled; dolomite, quartz silt, felted and lath
anhydrite, pyrite.

10253~ Missing =
10255 ?
10255~ Argillaceous Doleomicrite; dusky brown (5 YR 2/2) and gravish-

10269 olive (10 Y 4/2); interbedded; light bluish-gray (5 B

7/1) and very pale orange (10 YR 8/2) distorted modular
anhydrite, intraclasts; stylelites, mudcracked. ;

10256.5 Argillaceous Dolomicrite; yellowish-brown;
massive bedded; dolomite, quartz silt, aligned-
felted anhydrite, pyrite.

10265 As above; grayish-olive; mottled; intraclasts,
spar calcite, blocky anhydrite, hematite;
organic partings.

10269~ Argillaceous Micrite; dusky brown (5 YR 2/2); slightly

10277 mottled; intraclasts.

10277~ Argillaceous Micrite; dusky brown (5 YR 2/2) and olive

10280 gray (5 Y 3/2)3 mottled; very pale orange (10 YR 8/2) dis- )
torted bedded nodular anhydrite. %!
10279.1 Argillaceous Micrite; dusky brown; gstracode P

fragments; mottled; intraclasts, microspar,
dolomite, quartz silt, blocky anhydrite, py-
rite, hematite; stylolites.
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10279.2 As above; dusky brown and olive gray; inter-
laminted, wisphy laminated; intraclasts, gpar
calcite, felted anhydrite; organic partings,
stylolites, micro-faulted, fractured.

10280~ Argillaceous Dolomicrite; dusky brown (5 YR 2/2); faintly
10283 laminated; very pale orange (10 YR 8/2) massive anhydrite.
10281.6 Argillaceous Dolomicrite; dusky brown; ostra=-

code (?) fragments; wavy laminations; dolo-
mite, felted anhydrite, hematite.

10283~ Argillaceous Micrite; olive gray (5 Y 3/2) and grayish-

10292 brown (53 YR 3/2); interbedded, laminated; quartz silt,
light bluish-gray (5 B 7/1) and very pale orange (10 YR
8/2) distorted nodular anhydrite, intraclasts; micro-

faulted.

10283.4 Argillaceous Micrite; olive gray; slightly
mottled; intraclasts, microspar, dolomire,
felted anhydrite.

10286.2 As above; intraclasts, lath and blocky anhy-
drite, pyrite; stylolites.

10288.5 As above; spar calcite, replacement anhydrite,
pyrite, glauconite.

102289.38 As above; grayish-brown; ostracode fragments;
intraclasts, microspar, quartz silt, pyrite,
hematite, glauconite; stylolites.

10292~ Argillaceous Micrite; dark yellowish-brown (10 YR 4/2);
10296 wavy laminations; very pale orange (10 YR 8/2) distorted

nodular anhydrite; carbonaceocus streaks,

10292.3 Argillaceous Dolomicrite; dark yellowish-
brown; ostracode fragments; mottled; dolomite,
felted anhydrite, pyrite; stylolites.

10296- Argillaceous Micrite; dusky brown (5 YR 2/2); wavy lamina-
10298 tions; pale vellowish~brown (10 YR 8/6) nodular anhydrite;
carbonaceous streaks.

10296 Argillaceous Micrite; yellowish-brown; ostra-
code fragments; structureless; spar calcite,
replacement anhydrite, pyrite; organic part—
ings, stylolites.

10297.4 As above; laminated; spar calcite, dolomite,
blocky anhydrite; stylolites.




10302
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Argillaceous Dolomicrite; grayish-brown {5 YR 3/2); wavy
laminations, cryptalgal; white (N9) distorted nodular
anhydrite, intraclasts; carbonaceous streaks.

10298.6 Anhydrite, felted to aligned-felted; white;
wavy laminations; pyrite, argillaceous;
organic partings, stylolites.

10301.5 Argillaceous Dolomicrite; grayish-brown;
wispy laminations; dolomite, felted and blocky
anhydrite, pyrite; organic partings, stylo-
lites.




8932~
8938

8938-
8944

8944~
8949

8949~
8950

NDGS #511

LEGAL:

Core degth

HETTINGER COUNTY

Socony Vacuum/Jacobs #1 ~ SWSW 24-134-96  KBr 2616

Core description

Thin section depth Thin section description
Argillaceous Micrite; grayish-brown (5 YR 3/2) and dusky
yellow green (5 GY 5/2); interbedded, mottled; intra-
clasts.

8936.2 Argillaceous Micrite; grayish-brown; ostra-
code and gastropod (?) fragments; mottled;
intraclasts, microspar, dolomite, felted
nodular anhydrite, hematite, glauconite.

Argillaceous Micrite; dusky brown (5 YK 2/2) and grayish-
olive (10 Y 4/2); interbedded, mottled, faintly lami~
nated; moderate reddish-orange (10 R 6/6) distorted
bedded nodular anhydrite; micro~faulted.

8942 Argillaceous Micrite; olive gray; ostracode
fragments; mottled; spar calcite, dolomite,
felted nodular anhydrite, pyrite, hematite,
glauconite.

Argillaceous Dolomicrite; light olive gray (5 ¥ 5/2) and
olive gray (5 Y 3/2); mottled; light bluish-gray (5 B 7/1)
distorted bedded nodular anhydrite; carbonaceous streaks,
micro-faulted, water escape structures.

8947.3 Agrillaceous Micrite; olive gray; wavy lamina~
tions; intraclasts, spar calcite, dolomite,
quartz silt, felted nodular anhydrite, pvrite,
hematite; organic partings, stylolites.

8948 Argillaceous Micrite; olive gray; wavy lamina-
tions; spar calcite, dolomite, quartz silt,
felted nodular anhydrite, pyrite, glauconite;
organic partings, stylolites, fractured.

Argillaceous Micrite; dusky yellowish-green (5 GY 5/2)
and dark vellowish-brown (10 ¥R &4/2); interbedded; light
bluish-gray (5 B 7/1) distorted bedded nodular anhydrite;
carbonaceous streaks.
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8949.2

8949.7
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Argillaceous Micrite; yellowish~brown; ostra-
code fragments; mottled; intraclasts, micro-
spar, dolomite, quartz silt, felted nodular

anhydrite, pyrite, glauconite.

Argillaceous Dolomicrite; yellowish-brown;

ostracode fragments; mottled; dolomite, quartz

silt, felted nodular anhydrite, hematite;
lites, fractured.

stylo-




McKENZIE COUNTY

NDGS #33

LEGAL: Amerada Petroleum/Risser #1 SWSE 12-149~96 KB: 2438

Core depth Core description
Thin section depth Thin section description
11022~ Argillacecus Dolomicrite; dark yellowish-brown (10 YR 4/2)
11042 and olive gray (5 Y 3/2); interbedded, laminated; intra-—
clasts.
11042- Argillaceous Dolomicrite; dark yvellowish-brown (10 YR 472} ]
11057 and pale yellowish-brown (10 YR 6/2); mottled.
11057~ Argillaceous Dolomicrite; pale brown (5 YR 5/2) and light

11079.5 olive (10 Y 5/4); interbedded; grayish-orange pink (5 YR
7/2) bedded nodular mosaic anhydrite. ]

11079~5~- Argillaceous Micrite; light olive gray (5 Y 5/2); wavy ;,

11082 laminations; intraclasts. |

11082~ Argillaceous Micrite; olive gray (5 Y 3/2); finely lami-

11093 nated.

11093~ Argillacecus Micrite; grayish-olive (10 Y 4/2) and dark ‘

11103 gray (N3); interbedded, glightly mottled, brecciated. i
11099.7 Argillaceous Micrite; grayish-olive; wavy .

laminations, brecclated; intraclasts, micro-
spar, dolomite, quartz silt, anhydrite, hema-
tite.

11103~ Argillaceous Micrite; olive gray (5 Y 3/2) and pale

11107.5 yellowish-brown (10 YR 6/2); interbedded, wavy laminations;
light bluish-gray (5 B 7/1) distorted bedded nodular
anhydrite.

11107.5~ Argillaceous Micrite; olive gray (5 Y 3/2) and dark ;
11112 reddish-brown (10 R 3/4); interbedded, wavy laminations;
water escape structures, nmudcracked.

i B e

11108.3 Argillaceous Dolomicrite; olive gray; ostra-
code fragments; wavy laminations; intraclasts,
dolomite, felted nodular anhydrite.

11110.1 Argillaceous Dolomicrite: olive gray and yel-
lowish-brown, ostracode fragments; interbedded,
contorted laminations; delomite, blocky anhydrite.
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11112-
11115

11115~
11138

11138~
11142

NDGS_#527

LEGAL: Califormnia Co./Rough Creek Unit #1 NWNE 13-148-98 KB: 2472

Core depth

11286~
11292

11292~
11295

11295~
11298

11298~
11304

166

Argillaceous Dolomicrite; grayish-olive (10 Y 4/2); wavy
laminations; grayish-orange pink (5 YR 7/2) distorted
nodular anhydrite.

Argillaceous Dolomicrite; grayish-olive (10 Y 4/2) and
graylsh-brown (5 YR 3/2); interbedded, finely laminated;
light bluish-gray (5 B 7/1) and very pale orange (10 YR
8/2) distorted bedded nodular anhydrite, intraclasts.

Argillaceous Dolomicrite; grayish-brown (5 YR 3/2) and
grayish—~olive green (5 GY 3/2); interbedded, finely lami-
nated; lighe bluish-gray (5 8 7/1) and grayish~orange pink
(5 YR 7/2) bedded nodular mosaic anhydrite.

Core description

Thin section depth Thin section description

Argillaceous Riomicrite; dark gray (N3); brachiopod;
mottled; pyritic; bioturbated, geopetal infill.

11287 Argillaceous Biomicrite; dark brown; brachio-
pod, bryozoan, echinoderm, and ostracode
fragments; mottled; spar calcite, anhydrite,
pyrite; organic partings, stylolites, geo—
petal infill.

11287.2 Argillaceous Blomicrite; dark brown; brachio-
pod, bryozoan (7), and echinoderm fragments;
mottled; spar calcite, anhydrite, pyrite;
organic partings, stylolites, geopetal inrill.

11290.3 Argillaceous Biomicrite; dark brownish-gray;
brachiopod and ostracode fragments; mottled;
dolomite, quartz silt, blocky anhydrite,
pyrite; organic partings, stylolites,
burrowed.

Micrite; pale yellowish-brown (10 YR 6/2); cross-
laminated; quartz silt, intraclasts, pyritic; fractured.

Dolomicrite; grayish-~olive (10 Y 4/2) and dusky brown
(5 YR 2/2); interbedded; intraclasts.

Dolomicrite; grayish~green (5 G 5/2) and grayish~brown
{5 YR 3/2); mottled; fractured, mudcracked.
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11304~
11313

11313~
11316

11316~
11318

11319-
11325

11325-
113238

11328~
11331

11331~
11334

11334~
11337

11337~
11340

167

Argillaceous Micrite; grayish-green {5 G 5/2) and dark
yellowish-brown (10 YR 4/2); interbedded, laminated, cross-
laminated; quartz silt; micro~faulted.

Micrite; grayish-green (5 G 5/2) and pale yellowish-brown
(10 YR 6/2); interbedded, cross—laminated; quartz silt,
pyritic.

Micrite; olive black (5 Y 2/1); cross-laminated; grayish-
orange pink (5 YR 7/2) bedded massive anhydrite; water
escape structure.

Argillaceous Micrite; grayish-brown (5 YR 3/2) and greenish-
black (5 GY 2/1); interbedded, mottled:; micro-faulted,
mudcracked.

11320.4 Argillaceous Dolomicrite; grayish-brown;
mottled, wispy laminations; intraclasts, dolo-
mite, quartz silt, blocky anhydrite, pyrite,
hematite.

Dolomicrite; brownish-gray (3 YR 4/1); brecciated; micro-
faulted.

11327 Dolomicrite; brownish-gray; ostracode frag-
ments; slightly mottled; microspar, dolomite,
blocky anhydrite, hematite.

Argillaceous Micrite; grayish-brown (3 YR 3/2) and dark
yellowish~brown (10 YR 4/2); interbedded, cross~laminated;
quartz silt; micro~faulted.

11329.5 Argillaceous Micrite; grayish-brown; mottled;
intraclasts, microspar, dolomite, quartz silt,
blocky anhvdrite, hematite.

Dolomicrite; dark greemish-gray (5 CY 4/1); mottled;
grayish-orange pink (5 YR 7/2) bedded nodular mosaic
anhydrite.

Dolomicrite; blackish-red (5 R 2/2) to grayish-brown
(5 YR 3/2); intraclasts.

Argillaceous Dolomicrite; dark gray (N3); wavy lamina-
tions; carbonaceous streaks.
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NDGS #9536
LEGAL: Gulf 0il/Federal #1 NWSW 28-148-104 KB: 2339

Core depth Core description

Thin section depth Thin section description

10680~ Argillaceous Dolomicrite; dark gray (N3) and olive gray

10690 (5 Y 3/2); interbedded, mottled: light grayish-orange pink
(5 YR 7/2) bedded massive anhydrite, pyritic; micro-
faulted, fractured.

10686.5 Argillaceous Dolomicrite; yellowish-brown and
olive gray; mottled; dolomite, quartz silt,
pyrite.

10687.1 Argillaceous Dolomicrite; yellowish-brown and

olive gray; mottled; dolomite, quartz silct,
blocky anhydrite, pyrite; stylolites.

10690~ Dolomicrite; dark gray (N3) and grayish-olive (10 Y 4/2);

10696 interbedded; very pale orange (10 YR 8/2) fracture-filling
anhydrite and moderate orange pink (10 R 7/4) bedded nodu-
lar anhydrite; micro-faulted.

10696- Argillaceous Dolomicrite; light olive gray (5 Y 5/2) and
10698 dark gray (N3); interbedded, finely laminated.
10697.3 Argillaceous Dolomicrite; olive gray and

yellowish-brown; interbedded, laminated;
intraclasts, dolomite, quartz silt, anhy-
drite, pyrite.

10698~ Argillacecus Dolomicrite; grayish-olive (10 Y 4/2); wavy
10701 laminations; grayish-orange pink (5 YR 7/2) bedded
massive anhvdrite. '
10701~ Argillaceous Dolomicrite; grayish-brown (5 YR 3/2) and
10724 grayish—olive (10 Y 4/2); interbedded, wavy laminations.
10724~ Argillaceous Dolomicrite; grayvish-olive (10 Y 4/2) and
10727 pale vellowish~brown (10 YR 6/2); interbedded; quartz

silt, pyrite, hematite.

0725.9 Argillaceous Dolomicrite; grayish-olive aud
vellowish~brown; mottled; intraclasts, dolo-
mite, quartz silt, pyrite, hematite.




10727~
10728

10729~
10732

NDGS #1254
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Argillaceous Dolomicrite; grayish-brown (3 YR 3/2) and
pale yellowish-brown (10 YR 6/2): interbedded; quartz
silt; water escape structure.

10727.3 Argillaceous Dolomicrite; dark vellowish-
brown; cross—laminated; intraclasts, dolo—
mite, quartz silt, blocky anhydrite, pyrite,
hematite.

Argillaceous Dolomicrite; grayish-green (5 G 5/2) and
grayish-brown (5 YR 3/2); mottled; moderate orange pink
(10 R 7/4) bedded nodular mosaic anhydrite; micro-faulted.

LEGAL: Northern Pump/Rohde #1 SWSE 17-152-%4 KB: 2168

Core depth

10455~
10467

10467~
10475

10475~
10485

Core description

Thin section depth Thin section description

Dolomicrite; grayish-green (5 G 5/2) and grayish-brown
(5 YR 3/2); interbedded, cross—laminated; quartz silt,
pyritic; micro~faulted, water escape structures, frac-
tured.

Dolomicrite; grayish-green (5 G 5/2) and grayish-brown
(5 YR 3/2); interbedded, brecciated, cross—laminated;
pyritic; micro-faulted.

Dolomicrite; grayish-green (5 G 5/2) and grayish—brown
(5 YR 3/2); interbedded, cross~laminated; quartz sile,
pyritic; stylolites, water escape structure.

10482.5 Dolomicrite; grayish-brown; laminated; dolo-
mite, quartz silt, blecky anhydrite, pyrite;
stylolites.

LEGAL: Amerada Petroleum/Tract #1 NESW 35-150-87 KB: 2334

Core depth

10963~
10966

Core description

Thin section depth Thin section description

Argillaceous Biomicrite; olive black (5 Y 2/1); brach~
iopod; wmottled; pyritic.
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10966~
10969

10969-
10972

10972~
10996

10996~
10999

10999-
11003
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10965.7 Argillaceous Biomicrite; dark yellowish-
brown; brachiopod, bryozoan, echinoderm, and
ostracode fragments; mottled; microspar,
pseudospar, chalcedony, gquartz silt, anhy-
drite, pyrite.

Argillaceous Dolomicrite; dusky yellowish-brown (10 ¥R

2/2) and pale yellowish~brown (10 YR 6/2); interbedded,
brecciated, cross-laminated; quart2 silt, light bluish-gray
(5 B 7/1) nodular anhydrite, pyritic; micro=-faulted.

Argillaceous Dolomicrite; grayish-olive (10 Y 4/2) and
grayish-brown (5 YR 3/2); interbedded, cross—laminated;
quartz silt; micro-faulted, water escape structure.

Argillaceous Dolomicrite; grayish~green (5 G 5/2) and dark
yellowish-brown (10 YR 4/23; interbedded, brecciated,

finely laminated, cross—laminated; guartz silt, intraclasts,
pyritic; micro-faulted, water escape structures, mud-
cracked, ripple marked.

10982.3 Argillaceous Dolomicrite; grayish-green and
dark yellowish—brown; interbedded, wavy
laminations; dolomite, quartz gilt, blocky
anhydrite, pyrite, hematite.

10989.2 Argillaceous Dolomicrite; grayish-green and
dark vellowish-brown; interbedded, wavy lami-
nations; intraclasts, dolomite, quartz silt,
blocky anhydrite, pyrite, hematite; micro-
faulted, mudcracked.

10991 Argillaceous Dolomicrite; grayish-green and
yellowish-brown; mottled; intraclasts, dolo-
mite, gquartz silt, blocky anhydrite, pyrite.

Argillaceous Dolomicrite; grayish-olive (10 Y 4/2) and
pale yellowish-brown (10 YR 6/2)3 interbedded, brecci-
ated, cross-laminated; quartz silt, intraclasts, pyritic;
micro~faulted.

Argillaceous Dolomicrite; grayish-olive green (5 6Y 3/2)
and dark yellowish-brown (10 YR 4/2); interbedded,
brecciated, cross-laminated; gquartz silt, pyritic; micro-
faulted.




L —

NDGS #1886

LEGAL: Amerada Petroleum/Dinwocdie #1  NWSE 33-153-94 KB: 2259

Core depth Core description

Thin section depth Thin section description

10721~ Argillaceous Micrite; pale yellowish~brown (10 YR 6/2)
10735 and grayish-green (5 G 5/2); interbedded, brecciated;
pyritic; micro-faulted, water escape structures.

NDGS #2820

LEGAL: Texaco Inc./Keogh #4 NWSW 5-151-~95% KB: 2416

Core depth Core description
Thin section depth Thin section description

10650~ Argillaceous Dolomicrite; grayish-green (5 G 5/2) and dark

10653 vellowish-brown (10 YR 4/2): interbedded, cross-
laminated; quartz silt, pyritic; water escape structures.

10653~ Argillaceous Micrite; grayish-green (5 G 5/2) and pale

10660 brown (5 YR 5/2); interbedded, cross—laminated; quartz
silt,

10660 As above; pyritic.

10666

10666 Micrite; grayish-green (5 G 5/2) and dark yellowish-brown

10673 (10 YR 4/2); mottled; quartz silt, intraclasts, pyritic;
micro-faulted.

10673~ Argillaceous Micrite; grayish-green (5 G 5/2) and pale

10680 yellowish-brown (10 YR 6/2); interbedded, brecciated,
cross—laminated; quartz silt, intraclasts; water escape

structure,

10680~ Dolomicrite; pale yellowish-brown (10 YR 6/2) and dusky

10686 brown (5 YR 2/2); mottled; quartz silt, intraclasts,
pyritic.

10686~ Dolomicrite; pale olive (10 ¥ 6/2), moderate brown (5

10689 YR 3/4), and dusky brown (5 YR 2/2); mottled; pyritic.




NDGS #2967
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LEGAL: Texaco Inc./Wisness #2 NWSE 3-152-96 KB: 2317

Core depth

10301~
10303

103063~
10317

10317~
10329

10329~
10334

10334~
10338

10338~
10340

Core description

Thin section depth Thin section description

Argillaceous Micrite; grayish-green (5 G 5/2) and pale
brown (5 YR 5/2); intecbedded, cross-laminated, contorted
laminations; quartz silt, intraclasts; pattern dolomite,
burrowed, micro-faulted, water escape structures.

10302.7 Argillaceous Micrite; grayish-green; brachiopod
fragments; contorted bedding; dolomite, quartz
silt, pyrite; burrowed.

Argillaceous Micrite; grayish-green (5 G 5/2) and pale
brown (5 YR 5/2); interbedded, cross—laminated, cryptalgal;
quartz silt, intraclasts, pyritic; water escape struc-
tures.

10305.2 Argillaceous Dolomicrite; grayish-green and
pale brown; interbedded, laminated; intra-
clasts, quartz silt, pyrite; water escape
structure.

Argillaceous Dolomicrite; grayish-green (5 G 5/2) and pale
brown (5 YR 5/2); interbedded, cross-laminated, cryptal-
gal; quartz silt, intraclasts, pyritic; micro-faulted,
water escape structures.

10319.6 Argillaceous Dolomicrite; pale brown; wavy
laminations; intraclasts, dolomite, quartz
silt, blocky anhydrite, pyrite, hematite;
organic partings.

Argillaceous Micrite; dusky brown (5 YR 2/2) and light
olive gray (5 Y 5/2); interbedded, mottled, finely lami~

nated; intraclasts.

4S8 above; pyritic; micro-faulted.

Dolomicrite; grayish-olive (10 Y 4/2) and dark yellowish-—
brown (10 YR &4/2); interbedded, finely laminated; pyritics
fractured.
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NDGS #4264

LEGAL: Texaco-Amerada/NCT-2 #3  NENW 3-153-95 KB: 2193

Core depth Core description
Thin section depth Thin section description
10033~ Dolomicrite; pale yellowish—-brown (10 YR 6/2) and dusky
10036 brown (5 YR 2/2); interbedded, cross—laminated; quartz
silt, light bluish-gray (5 B 7/1) distorted nodular mosaic
anhydrite.
10036~ Missing
10038
10039- Argillaceous polomicrite; pale yellowish-brown (10 YR 6/2)
10045 and graylsh-brown (5 YR 3/2)3 interbedded; micro—~faulted,

water escape structures.

10040 Argillaceous Dolomicrite; pale yellowish~-
brown; wispy laminations; dolomite, quartz
silt, blocky anhydrite, pyrite.

10045~ As above; quartz silt, intraclasts.

10050

10050~ Argillaceous Dolomicrite; dusky brown (5 YR 2/2) and pale
10055 yellowish-brown (10 YR 6/2); interbedded, mottled; intra-

clasts, pyritic; micro-faulted.

10055~ Missing

10059

10059~ Argillaceous Micrite; grayish-green (5 G 5/2) and moderate
10061 wrown (5 YR 3/4); mottled, bhrecciated; micro-faulted.
10061~ argillaceous Dolomicrite; grayish-green (5 G 5/2) and
10066 moderate brown (5 YR 3/4); mottled, hrecciated; pyritic;

micro-faulted.

10066~ Dolomicrite; dark yellowish-brown (10 YR 4/2) and light
10069.5 olive gray (5 ¥ 5/2); mottled; intraclasts, pyritic.

10069 .5~ Argillaceous Dolomicrite; grayish-brown (5 YR 3/2)3 finely
10071 laminated; very pale orange (10 YR 8/2) bedded nodular
anhydrite.




MOUNTRAIL COUNTY

NDGS #4113

LEGAL: Texaco-Skelly 0il/Ft. Berthold #1-A SENW 4-150-90 KB: 2198

Core depth Core description

Thin section depth Thin section descryiption

10741~ Argillaceous Biomicrite; dark yellowish~brown (10 YR 4/2)
10745 and dark gray (N3); brachiopod; interbedded, mottled;
quartz silt, intraclasts, pyritic; bicturbated.

10743.5 Argillaceous Biomicrite; dark yellowish-brown;
brachiopod fragments; wispy laminations;
microspar, dolomite, quartz silt, blocky
anhydrite, pyrite; organic partings.

10744.8 Argillaceous Micrite; dark yellowish~browm and
moderate brown; interbedded, wavy laminations;
microspar, dolomite, quartz silt, pyrite,
hematite; organic partings; burrowed.

10745~ Argillaceous Micrite; grayish-green (5 G 5/2) and pale
10748 yellowish-brown (10 YR 6/2); interbedded, cross-laminated;
quartz silt; bioturbated.

10745.7 Argillaceous Dolomicrite; yellowish-brown;
mottled; intraclasts, dolomite, quartz silt,
blocky anhydrite, pyrite, hematite; organic
partings, burrowed.

10748~ As above; brecciated; intraclasts, pyritie; micro~faulted,

10752 water egcape structures.

10752~ Micrite; grayish-green (5 G 5/2) and pale yellowish-brown

10736 (10 YR 6/2); interbedded, brecciated, cross-laminated;
quartz silt, intraclasts; micro-faulted.

10756~ As above; white (N9) distorted nodular anhydrite, intra-

10760 clasts.
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WARD COUNTY

NDGS #105

LEGAL: Stanolind Cil/Waswick #1 SWNE 2-153-85 KB: 2175

? Core depth Core description

;

i Thin section depth Thin section description

i

é 7594~ Argillaceous Dolomicrite; grayish-green (5 G 5/2) and light
7597 olive gray (5 Y 5/2); mottled; intraclasts.
7597~ Micrite; yellowish~gray (5 Y 8/1) with few grayish-green
7604 (5 ¢ 5/2) mudstone partings; massive bedded, mottled;

quartz silt; stylolites.

! 7604~- Dolomicrite; dusky yellowish-greem (10 GY 3/2) and grayish-
7612 green (5 G 3/2); mottled; gquartz silt, large nodular
pyrite.

e — ok b i
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i LEGAL:

11142~
11152

: 11152~
§ 11156

: 11156~
i 11163

11163~
11167

11167~
11175

11175-
11182

NDGS #2828

Core depth

WILLIAMS COUNTY.

Texaco Inc./Hovde #1 NWNW 15-154-98 KB: 2233

Core description

Thin section depth Thin section desecription

Argillaceous Micrite; grayish-green (5 G 5/2) and pale
yellowish~brown (10 YR 6/2); interbedded, cross~laminated;
quartz silt, intraclasts, pyritic.

11142.6 Argillaceous Dolomicrite; grayish-green and
dark vellowish-brown; mottled; intraclasts,
dolomite, quartz silt, blocky anhydrite, py-
rite, hematite.

Argillaceous Dolomicrite; grayish-green (5 G 5/2) and
grayish-brown (5 YR 3/2); interbedded, wavy laminations.

Micrite; grayish-green (5 6 5/2) and pale yellowish-brown
(10 YR 6/2); interbedded, mottled, cross-laminated;
quartz silt, intraclasts, pyritic; water escape structures.

Argillaceous Micrite; pale yellowish-brown (10 YR 6/2)
with dusky brown (5 YR 2/2) partings; cross-laminated;
quartz silt, pyritic,

11163.4 Argillacecus Dolomicrite; dark yellowish-—
brown wavy laminations, intraclasts, dolo- i
mite, quartz silt, blocky anhydrite, pyrite,
hematite.

11161.1 Argillaceous Dolomicrite; pale yellowish-
brown; wavy laminations; dolomite, quartz silt,
blocky anhydrite, pyrite, hematite; organic
partings.

Dolomicrite; moderate brown (5 YR 3/4), pale yellowish—
brown (10 YR 6/2), and pale green (5 6 7/2); mottled,

Argillaceous Dolomicrite; light olive gray (5 Y 5/2) to
grayish-olive (10 Y 4/2); quartz silt, intraclasts.

11179.5 Argillaceous Dolomicrite; olive gray;
mottled; dolomite, quartz silt, blocky
anhydrite, pyrite.

176




b

11182~
11186

11186~
11190

NDGS #4340

LEGAL: Pan American patroleum/Marmon #1

Core degth

10010~
10012

10012~
10031

10031~
10034

10034~
10041

10041~
10044

10044~
10046

10046~
10049

10049-
10052

1

Argillaceous Dolomic
2/2) and moderate ye

Argillaceous Dolomicrite;

2/2) and olive gray
tionss intraclasts.

77

rite;

dusky yellowish-brown (10 ¥R

1lowish~brown (10 YR 5/4); inter=~
bedded, finely laminated.

dusky yellowish~brown (10 ¥R

(5 ¥ 3/2); interbedded, wavy lamina-

Corquggscrigtion

Thin section depth

Argillaceous Dolomic
brown (3 YR 2/2); mo

10011.1 Argillaceous Dolomicrite; olive
dusky brown; slightly mottled;

Thin section desqgigtion

SWSW 2~154-95 KB:

1972

rite; olive gray (5 Y 3/2) and dusky

ctled; pyritic.

gray and
dolomite,

quartz silt, blocky anhydrite, pyrite.

Micrite; grayish-olive (10 Y 4/2) and pale brown (5 ¥R

5/2); interbedded, cross—laminated; quartz silt, pyritic;

water escape structu

Dolomicrite; grayish
(5 YR 3/4); mottled.

Argillaceous Micrite
olive (10 Y 4/2); in
laminated; gquartz si
faulted, mudcracked.

Argillaceous Micrite
brown (53 YR 3/4); in
laminated; quartz si

Micrite; pale yellowish-brown
yellowish-brown (10 YR 2/2);

light bluish-gray (5

As above; brecciated

Argillaceous Dolomic
brown (5 YR 5/6), an
brecciated; pyritic.

re.

-olive (10 Y 4/2) and moderate brown

; pale brown (5 YR 5/2) and grayish-
terbedded, finely laminated, cross=
1t, intraclasts, pyritic; micro-

; grayish-green (5 G 5/2) and moderate

terbedded, finely laminated, cross-

lt; water escape structure.

B 7/1) nodular anhydrite,

rite; grayish-brown (5 YR 3/2), light

d grayish-green (5 G 5/2);

(10 YR 6/2) and dusky
interbedded; quartz silt,

pyrite.

mottled,
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10052~ Argillaceous Micrite; olive gray (5 Y 3/2) and light
10060 olive gray (5 Y 5/2); interbedded, finely laminated; intra-

clasts.
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