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ABSTRACT
Borehole data, seismic modeling, and reflection 

seismic data are used to detect and delineate porosity 
in the Red River Formation of western Williston Basin.
One- and two-dimensional seismic modeling of porosity 
configurations in the Red River C-cycle shows the 
development of a trough in the corresponding zero phase, 
normal-polarity seismic signature. Amplitude increases 
on the order of 30 to 70 percent are present in this 
trough and in the lower Red River peak and Winnipeg reflec­
tor below corresponding to a porosity change from 6 to 
18 percent in a Red River C-cycle porosity zone. Reflection 
seismic data show waveform characteristics similar to 
the modeling in that an interpeak trough develops and 
the amplitude of the Winnipeg reflector increases with 
the addition of a cumulative porosity thickness of 
50-70 ft with a porosity value of at least 6 percent in 
the Red River C-cycle. Mapping of zones with stacked 
porosity from the reflection data shows a definite associa­
tion of porosity with a structural nose. An increase in 
the porosity-foot value of 20 percent corresponds to an 
interpeak amplitude increase of 50 percent on the reflection 
seismic data. These results are best shown on 12 fold data
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with processing designed to preserve amplitude and fre­
quency. Pseudo-structures on the reflection data at 
the Winnipeg level can occur depending on the configuration 
of Red River porosity zones above.

iv



T-2535

TABLE OF CONTENTS
Page

ABSTRACT................      ± ±±

TABLE OF CONTENTS  .......................  v
LIST OF FIGURES  ................   vii
LIST OF TABLES.....................   ix
LIST OF PLATES.............................  x
ACKNOWLEDGEMENTS...................................  xi
INTRODUCTION........................................  1

Purpose of Investigation .........  . . . .  1
Area of Study............................. ... 2
General Geology......................  5

Tectonic and Depositional History. . . 5
Stratigraphy of the Red River Formation 7
Oil Characteristics and Occurrence in 
the Red River F o r m a t i o n .....  8

METHOD OF S T U D Y ...................................  11
Well Analysis........................  11
Synthetic Seismogram Modeling...... 13
Seismic Reflection Data and its Relation 
to Well Analysis and Synthetic Seismogram 
Modeling.............................  20

RESULTS AND DISCUSSION............................  27
Well Analysis......................... . 27

Porosity From Sonic L o g s .....  27
Lithology Determination - FDC/CNL Logs 30
Lithology Determination From
Resistivity and Sonic Logs...  34

Depositional Environment . . . . . . .  37

v



T-2535

TABLE OF CONTENTS (continued)
Page

Synthetic Seismogram Modeling..............  39
Comparison of Synthetic Seismograms. . 39
One-Dimensional Modeling .........  . . 45
Two-Dimensional Modeling ..............  49
Comparison of Findings With 
Literature................    54

Seismic Reflection Data and its Relation 
to Well Analysis and Synthetic Seismogram 
Modeling...................................... 59

Localized Waveform and Amplitudes
of Seismic D a t a ..................... . 60

General Data Analysis................ .. 72
ALTERNATIVE INTERPRETATIONS  ..............  84
SUGGESTIONS FOR FUTURE W O R K .....................  85
SUMMARY AND CONCLUSIONS   87
REFERENCES CITED................    90
APPENDIX A .......................................... 96
APPENDIX B .......................................... 99

vi



T-2535

LIST OF FIGURES 
Figure Page

1 Location of Study A r e a .............  3
2 Representative Geology and Seismic Data

of the A r e a ......................... 4
3 Example of Red River Log Interval. . . .  6
4 Isopach Map of C-Anhydrite ..............  9
5 Location of Wells, Seismic Lines, and

Sonic Porosity Cross-Sect i o n s .... 12
6 Location of Lithologie Cross-Sections. . 14
7 Pulse-II Analysis for a Portion of Line A 22
8 Scor Analysis for a Portion of Line A. . 24
9 Porosity-Ft Map of Total Red River

C-Cycle Porosity....................  29
10 FDC/CNL Porosity Crossplot, Well #4. . . 31
11 FDC/CNL Porosity Crossplot, Well #6. . . 32
12 Resistivity vs Sonic Crossplot Porosity

for Known L i t h o l o g i e s...........   35
13 Synthetic Seismograms From Four Wells

Using the Sonic Log Only........... 40
14 Synthetic Seismogram for Well #5 Using

Different Frequency Filters ...........  44
15 Modeling Three Zones in the Red River

C - C y c l e .............................  46
16 Modeling Three Zones in the Red River

C-Cycle Without the Merged Log.... 48
17 Two-Dimensional Model................ 50

vii



T-2535

LIST OF FIGURES (continued)
Figure Page

18 Schematic Diagram Showing Modeled Zones
and Reflection Coefficients Used in
the Two-Dimensional Model in Figure 17. 51

19 Waveform Character in the Red River
Interval Between Wells #5 and #6. . . . 61

20 A Portion of Line A With Different
Attributes Enhanced by Color...........  63

21 Scales Used for Color P l o t t i n g .........  65
22 Waveform Character in the Red River

Interval for Well #2. .    67
23 Color Plots for Seismic Lines Intersecting

at Well # 2 ................................  69
24 A Comparison of Pseudo Structures Caused

by a Porosity Change..................... 71
25 Structure Map of the Top of Red River

F o r m a t i o n ................................  73
26 Isochron Map of Greenhorn-Winnipeg

Interval................................... 74
27 Isochron Map of Dawson Bay-Winnipeg

Interval................................... 75
28 Map of Magnitude of the Winnipeg Reflector 77
29 Map of Magnitude of the Winnipeg Reflector

Expressed as a Ratio..................... 79
30 Average Interval Velocity Map Including

the Red River Interval..................  80
31 Area Distribution of Porosity Derived

From Plates 5 - 9  ..................... 82

viii



T-2535

LIST OF TABLES
Table Page

1 Velocities and Densities Used for
One-Dimensional Porosity Modeling. . . .  17

2 Velocities and Densities Used for
Two-Dimensional Model.......................... 19

ix



T-2535

LIST OF PLATES
Plate
1 Cross-Section A -A'
2 Cross-Section B - B T
3 Cross-Section C-C'
4 Cross-Sect ion D-D T
5 Line A, Interpreted
6 Line B, Interpreted
7 Line c, Interpreted
8 Line D, Interpreted
9 Line E, Interpreted

10 Line A, Not Interpreted
11 Line B, Not Interpreted
12 Line c, Not Interpreted
13 Line D, Not Interpreted
14 Line E, Not Interpreted

x



T-2535

ACKNOWLEDGEMENTS 
I am grateful to the Anschutz Corporation in Denver, 

Colorado, particularly Paul Denny, for the opportunity 
to do this work and for their financial support. I 
would also like to thank Tom Davis, Terry Young, Jim 
Applegate, and L.T. Grose, the members of my graduate 
committee, for giving support and guidance in writing 
this paper.

xi



 

 

 

 

The original material for this dissertation includes a significant 
number of oversized pages.  The full text can be viewed by 

accessing the supplement file. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


