
A METHOD FOR PREDICTING FRACTURE-ENHANCED 

PERMEABILITY IN REGIONS OF 

"FLAT-LYING" .STRATA 

By 

LYLE GENE BRUCE 
II 

Bachelor of Science 
Ashland College 

Ashland, Ohio 
1972 

Master of Science 
Ohio State University 

Columbus, Ohio 
1974 

Submitted to the Faculty of the 
Graduate College of the 

Oklahoma State University 
in partial fulfillment of 

the requirements for 
the degree of 

DOCTOR OF PHILOSOPHY 
May, 1990 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Olaalioma State Univ. Library 

C 0 P Y R I G H T 

by 

Lyle Gene Bruce 

May, 1990 

1375SG7 



A METHOD FOR PREDICTING FRACTURE-ENHANCED 

PERMEABILITY IN REGIONS OF 

"FLAT-LYING" STRATA 

Thesis Approved: 

Dean of the Graduate College 

ii 



ACKNOWLEDGEMENTS 

I wish to express sincere appreciation to my wife 

and children for adj~sting their schedule to £it mine, 

and for living with a bear instead of a father for the 

last three years. Without their support, this 

dissertation would not have been, possible. My wife, 

Nancy, deserves special thanks for her long hours of 

boring proof reading. 

I wish to express sincere appreciation to Dr. 

Wayne Pettyjohn, Dr. John Vitek, and tbe rest of my· 

research committee for their guidance in my research· 

and for their efforts in proof reading and improving my 

communication skills. Without their involvement, there 

would have been no research. 

A thank you goes to Mark Gregory for making an 

excellent Landsat interpretation, and to Trollinger 

~eological Associates for providing their photogeo

morphic interpretation of my. study area. Finally, a 

special thank you is due Gene Schmidt and Bob Hockman 

at Amoco Corporation for their support in this .~ffort .. 

iii 



TABLE OF CONTENTS 

Chapter Page 

I. INTRODUCTION 1 

8 II. LITERATURE REVIEW 

Fr,ctures . . . . . . . . . . . . . . . . 8 
Fracture Classification'and Origins 8 
Classification of Fractured Reservoirs 11 
Fracture Porosity and Permeability 12 
Direct Meas·ures of Fracture 

Permeabiliby ; . " . · . . . . · . . . 16 
Vertical Continuity of Fractures . . ,, 18 
Vertical Propogation of Fractures 19 
Aerial Variation of Fracture Sets . 20 
Fracture Density . . . . . . . . 22 

Remote Sensing . . . . 23 
Aerial Photography . 23 
Spac·e Imagery . . . . . . . 24 
Lineaments . . .. . . . . . . . . . . 25 

Surface and Subsurface Relationships . . . 28 
Lineaments .and Near-Surface Fractures. 28 
Lineaments and Deep Fractures . . . . . 29 
Lineaments and Subsurface Fracture 

Orientatidn ~ . . . . . . . . . . . 29 
Lineaments and Fracture Permeability . 30 
Surface Expression of Buried 

Structure's' . . . . . . . . . . . . 30 
Topographic Relief Patterns and 

Geologic Structures . . . . . . . . 31 
Subs'urface Structure, "and Sea Surface . 31 

Fractures and Streams . . . . .· .- . ; · . . . 32 
Evidence Against Fracture Influence 

on Drainage . . . · . . . . . . . 32 
Random Processes . . . . . . . '32 
River Trends versus Fractures 32 
Joint Oblique Valleys . . . . 33 

·Evidence 'For' Fracture Influence on 
Drainage . . . . . . . . . . . . 34 

Concept of Universal Tectonic 
Influence . . . . . . . . . 34 

·Fracture Trends and Drainage 
Maps . . . . . . . . . . . . 35 

Drainage Line Orientation and 
Geologic Structure . . . . . '35 

iv 



Chapter Page 
Relation Between Lineaments and 

Straight Line Stream Segments. . 35 
Correspondence Between Joint 

Orientation and Stream Networks. 36 
Lineaments, Surface Joint Trends 

and Stream Patterns . . . . 36 
Stream Orders and Fracture 

Domains . . . . . . . . . 37 
Basement Faults and Surface 

Drainage . . . . . . . . . . . . 37 
·Stream Patterns and Mid-Continent 

Stress Field . . . - . . . . . . . · 3e 
Linear Stream Segments in Uncon-
. · solidated Sediments . . . , . 38 
Groundwater Sapping . . . . .. , . . 39 
Summaz:y . . . . . . . 4 0 

III. METHOD It • • • • ' • • 41 

41 
42 

IV. 

Problem Statement . 
Procedure . . . ~- , . . 

STUDY AREA . . . . . . . 
Location . . . . . . . 
Surf·icial Geology-. . . 
Structural Geology . . . . . . 
Topography and Drainage . . . . 
Hydrogeology . . . . . 
Minerals ·. . . . . . 
Subsurface Geology . . . 

V. PETROLEUM GEOLOGY ......... . 

VI. 

VII. 

Sooner Trend , . . .~ ·. . . . . . . . 
Meramec-Osage in the Sooner Trend 
Southwest Enid A~ea . . . . 
Petroleum Production History 
Summary . . . . . . . . 

SUBSURFACE ANALYSIS .. - ......... . 
Data . . . . . . . . . . . . . . . , . . . . 
Subsurface Mapping . . . . . . . 

Production Maps . . . . . . . . . 
General Geologic Maps . . . . . . 

Analysis of Production- Maps . . . . . . . . 
Total Production Isopach . . . . . . . 
Meramec-Osage Production·'lsopach ... 

Analysis of General Geologic Maps . 

SURFACE ANALYSIS - REMOTE SENSING . . . . . 
Remote Sensing Data . . . . . . . 

Lineament Map of Northcentral 
Oklahoma . . . . . . . . . . . . . . 

v 

44 
44 
44 
46 
49 
58 
58 
58 

62 
62 
63 
63 
64 
68 

69 
69 
71 
74 
77 
77 
77 
81 
81 

85 
86' 

86 



Chapter Page 

VIII. 

Lineament Map of Nemaha Uplift Region. 87 
Regional Lineament Map . . . . . . .>. 87 
Photo-Geomorphic Evaluation Map . . . 87 
Lineament Map from Landsat Data . . . 88 
Drainage Lineame~t Intersection Map 88 

Analysis of Remote Sensing Data . . . . 100 
General Geologic Comparison . . . 100 
Comparison with Production Data . . . 100 
Analysis of Shoup's Lineament Map 100 
Analysis of Burchett,s Map . . . . . . 102 
Analysis of TGA's' Photo-Geomorphic Map 105 
Analysis of Regional Lineament Map 108 
Analysis of Lineament Map from 

Landsat Data . . . . . . . . . . . . . 109 
.Analysis of Drainage Lineament Maps . . . . 111 

Map Development . . . . . . . 11~ 
Basic Drainage Map . . . . . . . 111 
Drainage Lineament Criteria 112 
Mapping Procedure . . . . . . 113 

Statistical Analysis . . . . . . . 119 
Linear Correlation Coeficients 119 
ANOVA . . . . . . . . . . . . 122 

Central-Area . . . . 123 
Urban· Area · . . . . . . . . 125 

"t" Test 'of Correlation. 127 
Central Area . . . . . . . 128 
Urban Area . . . . . . . . 129 

Summary of Sta'tistical Analysis 130 

SUMMARY AND CONCLUSIONS ... ·. . . . ... 
Correlation.Between Deep Subsurface Frac-

tures-and Drainage .......... . 
Causes for the Correlation . . . . . . 
Restrictions and.Pittfalls 
Applications . . . . . . . . . . . . . 
Advantages . . . . . . . . . . . . 
Possible Improve~ents . . . . . . . . . 
Additional Research . . ·. · . . . . . 
Remote ·Sensing and Subsurface Structure 

132 

132 
134 
135 
138 
138 
139 
140 
141 

LITERATURE CITED .. 142 

vi 



Chapter 

APPENDIXES 

APPENDIX A - Core Descriptions 

Page 

155 

156 

APPEND'IX.B Southwes-t Enid Area-Well Data 163 
• 

APPENDIX C--~Stati~tical Equaiions 

APPENDIX D - Quadrat Data 

' ' 

' ' 

vii 

196 

198 

-~ 

i 
'· 



LIST OF TABLES 

Table Page 

I. Information Gathered for Each Well 70 

II. Linear Correlation Poefficients .. '• .... 120 

III. Anova for Central Area Single-Zone Meramec-
Osage . . . . . . . . . . . . . . . . . . . 123 

IV. 

v. 
Anova for Central Area Total Production 

Anova for Orban Area Single-Zone Meramec 
Osas-e · . . . . . . , . . . . . . . . . . 

VI . Anova for Urban Area Total Production,, 

viii 

124 

125 

126 



LIST OF FIGURES 

Figure 

1. Joint Sets and Joint Systems 

2. Examples of Angle "a" 

3. Location Map of Study Area 

4. Surface Geologic Map .. " . . ' 

5. Quaternary Lacustrine Sediments 

6. Orthogonal Joints at Outcrop 

7. Creek Drainage Basins· ... 

8. Drainage Map of Southwest Enid Area 

9. Gently Rolling Plains 

10. Natural Straight Channel along.Cut Bank 

11. 

12. 

13. 

Soils Map 

Geologic Column 

Oil and Gas Well Control . . 

Page 

. . 10 

15 

45 

47 

48 

50 

. 51 

52 

54 

. 55 

. 57 

60 

. . . 65 

14. Map of Wells with Well Logs Available 72 

15. Isopach of Total Oil ~nd Gas _Production Per . 
Section . . . . . . . . . . . . . . . . . . . 73 

16. Isopach of Cumulative Oil & Gas Production from 
Single-Zone Meramec-Osage (Pre-1977 wells) ... 75 

17. 

18. 

19. 

Structure Top Meramec 

Structure Top Woodford Shale . 

Meramec-Osage Isopach 

20. Meramec-Osage Porosity Isopach . 

ix 

. . 76 

. 78 

79 

. . 80 



Figure Page 

21. "String-of-Beads" Linear Trends from Maramec-
Osage Single-Zone Production .... ·. . . . 82 

22. Area Covered by Lineament of Northwest Oklahoma 
by 'shoup ( 1980} . . . . . . . . . . . . . . . . 89 

23. Shoup·~ (1980) Lineament~·in Southw~st Enid Area. 90 

24. Area Covered by Burchett et al. (1985) . 91 

25. Lineaments by Burchett et al.' (1985) in Southwest 
Enid Area . . . . . . . . . . . .. . . . 92 

26. . - 93 

27. . . . 94 

28. . . 95 

29. . . 96 

30. TGA Photogeomorphic Map of Southwest Enid Area . 97 
' ' 

31. Lineament Map by Gregory (made for this stud~) . 98 

32. Drainage Linea~ent ~nteraection Map 99 

33. Generalized·"Unrestricted" Stream Lineaments . .115 

34. "6-Mile" (10 Kilometer) Lfneament Map 
' ' ' 

.116 

35. Isopach of Drainage Lineament Intersections .117 

36. Quadrat Areas 

37. Scatter Diag~ams . . - . 

X 

.118 

.. 121 



CHAPTER I 

INTRODUCTION 

The ability to map and ~redict ~eologic fractures in 

the subsurface is of great importance to the world eco

omic community and to understanding the environment. For 

example, natural fractures are.beneficial in the extrac

tion of certain resources because they enhance the permea

bility of rocks. Fractures are essential to reservoir 

permeability in oil and gas .fields such as the giant Agha 

Jari field in Iran, and the Spraberry and Sooner Trends in 

the United States (Nelson, 1985). 

Part of the hydrologic cycle includes the storage and 

flow of water through the upper lithosphere. Except in 

very simple cases, this part of the cycle is complex and 

poorly understood. Flow through consolidated and semi

consolidated rocks is commonly affected by natural rock 

fractures. In some cases, fractures dictate the hydraulic 

characteristics of rock masses (Witherspoon et al., 1979) 

and control the migration of fluids through aquifers or 

reservoirs (Havranek and Smith, 1989). In some fresh 

water aquifers, high yield water wells are directly 

1 



related to fracture permeability in the subsurface 

(Parizek, 1975). 
Fracture permeability is not beneficial when a 

hydrologic confining bed is desired. The United States 

Environmental Prot~ction Agenci is involved with the safe 

emplacement of liquid wastes in subsur~ace formations. A 

major part of the environmental,suitability for under-, ·. ' 

ground injection is tied to the integrity of confining 

beds (Pettyjohn, 1987). An important concern is the 

potential migration of fluids. via faults or fractures. 

2 

Hydraulic conductivities of very low magnitudes can allow 

transfer of large volumes of li9.uids across a "confining 

bed" when calculated over large areas such as square miles 

(Pettyjohn, 1987). Permeability through confining beds, 

such as shales, is commonly provided by fractures. 

When estimating velQcity and direction of contaminant 

transport in aquifers (non-confining beds), the effect of 

rock fractures should be considered. For example, the 

Lockport Dolomite (Middle Silurian) is a pathway for 

chemical migration to the Niagara River from waste dis

posal sites in the Niagara Falls area.of western New 

York. Vertical fractures consistent with prominent joint 

sets appear to control the velocity and migration paths of 

ground water and chemicals in the Lockport D9lomite 

(Yager, 1988) . 

Fluid migration along fractures is also a concern in 

the unsaturated zone. At the proposed Yucca Mountain 

nuclear repository in Nevada, the top of groundwater lies 



200 to 400 meters (700 to 1,400~feet) below the level of 

the proposed repository (Monastersky, 1988). This 

distance to groundwater through relatively low perm-

eability volcanic tuff is considered a safety buffer in 

the event of a contaminant release. The United States 

Geological Survey estimates.that travel time from the 

repository to the top of groundwater may take approx

imately 1,000 years given the current annual average 

rainfall (Monastersky, 1988).-The U. S. Government and 

3 

others are concerned about fluid migration along fractures 

and.faults (Monastersky, 1988) 'because they may reduce 

this travel time by orders of magnitude. 

Natural rock fractures can be classified as "tectonic 

fractures" and "regionalfractures" or joints (Nelson, 

1985). Regional fracture~ pr~dominate in areas of flat

lying strata and areas with few if any faults and folds. 

The ability to predict fracture-enhanced permeability from 

surface data in areas of "'flat-lying strata" is the 

subject of this investigation. 

Attempts to predict regional fracture orientation and 

density in the subsurface using surface data have yielded 

mixed results. Uncertainty exists over the depth to which . . 

regional fractures (joints) can be projected (Nur, 1982), 

disagreement whether they cari be proJected vertically 

through different rock formations (Hodgson, 1961; Overbey 

and Rough, 1971; St-earns, 1972; Nelson, 1975, 1985), and 

disagreement about the extent that they influence surface 

morphology (Melton, 1959; Maarouf, 1981; Pohn, 1983; 



Scheidegger, 1983). The validity of the assumption that 

hiah-intensity fracture zones at the surface·continue 

through the geologic section to depth is not completely 

known at this time (Nelson, 1985}. 

Rose diagrams of fraoture orie~tat~ons from·outcrops 

do not consi_stently agree with the, frequencies of linea-
' , 

ment orientations deriveq from remote sensing (Nelson, 

1975, 1985; Pointe et al. ·, 1985). I)iscrepancies occur 

because of preferred fracture orientations induced by the 

depositional fabric of some formations and by the differ-

ence in scale between outcr.op measurements and lineaments 

measured from air photos and, satellite data (Nelson, 

1975}. Error may b~- introduced by linear sampling bias 

caused by measurem·ents along "scan lines" , such as rock 

exposures, bore-ho~es, or tun~els that may be oblique to 

certain fracture trends (Pointe et al., 1985). In 

addition, many "flat-l'and"· areas have few rook exposures 

where fractures can, be measured. 

4 

A need exists for direct comparisons of remote 

sensing interpretat,ions with subsurface data. Most 

studies that have incorporated subsurface data with remote 

sensing (Berger, 1986, 1988; ·Maarouf, 1981; Overbey and 

Rough, 1971) have either used gravity and magnetics as the 

subsurface source, or have used widely scattered sub-

surface data points, which are adequate for defining 

general structures, but do not yield detailed permeability 

information. 



5 

This study uses subsurface data from a heavily 

drilled area of the Sooner Trend oil and gas field in 

Oklahoma to infer fracture orientation and areas of 

relatively high and low fracture permeability in the 

Mississippian Meramec-Osage, reservoir. Subsurface data 

are systematically cpmpared to surface data from different 

interpreters arid different remote sensing techniques. 
' . 

Surface linear, textural; toppgraphic, and drainage trends 

are assessed with Landsat MSS (multi-spectral scanner) 

satellite imagery, air photos, commercial geomorphic maps, 

and topographic maps. Various computer techniques are 

used to enhance the satellite images. The goal is to 

evaluate various types of surface data and interpretation 

techniques to ascertain if a relationship or correlation 

exists between surface phenomena (such as topographic, 

drainage, or textural patterns) and fracture density and 

orientation in rocks at deptn~· between 2,000 and 2,500 
' ' 

meters (£,500 to 8,000 feet). 

The null hypothesis is that no relationship exists 

between fracture density in 'the deep subsurface ('2,000 m) 
' ' ' 

and surface phenomena in the study ··area. The null hypo-

thesis may be true because a) of differences in bed 
<I t 

thickness, lithology, and depositional fabric between the 

surficial Permian clast'ics ~nd 'the bur.ied Mississippian 

carbonates; b) of tectonic events that occurred between 

Mississippian time and the present (such as the formation 

of the Anadarko Basin) changed stress orientations and 
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fracture patterns; c) of changes in regional orientation' 

resulting from continental drift; d) fracture sets were 

preferentially "healed" in some formations because of 

geothermal or hydrodynamic conditions or e) unconformities 

between the Mississippian and Permian mask older struc

tural fabrics. 

The alternative hypothesis is that ~ relationship 

does exist between fracture density in the deep subsurface 

and surface phenomena such as drainage patterns and 

topography. This relationship may exist 'because a) 

regional joint fabrics tend to persist through space and 

time, perpetuated by minor tectonic adjustments 

(seismicity); b) surface mo!phology is influenced by deep 

structures such as basement knobs or faults despite 

intervening unconformities and hydrodynamic conditions; or 

c) current stress conditions affect jointing in rock 

formations as deep as 2,500 meters. 

Attention wili be given to fract~re orientation, 

density, and length, all of which may effect fracture 

porosity or permeability. Where practical, statistical 

tests such as analysis of variance (ANOVA), linear arid 

polynomial correlation coefficients, and t-tests will be 

applied. Observations will be deemed significant if the 

alpha limit fo~ type I error is .Of or less. In other 

words, if a surface-subsurface relationship is indicated 

and the appropriate statistical tests indicate 99% 



probability or better that .the correlation is not caused 

by random variations, the null hypothesis will be 

rejected. 

7 



CHAPTER II 

LITERATURE REVIEW 

To predict areas of relatively high and low fracture 

permeability using remote ,sensing techniques, one must 

first identify' the element,s, that control fracture porosity 

and permeability. Because this,study deals with regional 

fractures, one must ascertain the nature of regional 

fractures in the crust. Once this has been done, one may 

investigate the'types of"phenomena detected by remote 

sensing and compar,e these phenomena with surface and 

subsurface fracture data. This literature review will 

follow the sequence of classifying fractures, defining 

fracture porosity and perme~bility, investigating aspects 

of regional fractures, de~ini~g remote sensing, and 

reviewing relationships between remote sensing data and 

subsurface phenomena~ 

Fractures 

Fracture Classification and Origins. 

Many classification schemes have been developed for 

fractures and joints (Nevin, 1949; Billings, 1972; Nelson, 

1985). A joint is 'a type of fracture along which little 

8 
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if any movement has occurred (Nevin, 1949). A joint set 

consists of a group of more or less parallel joints 

(Figure 1). A joint system consists of two or more joint 

sets or of any group of joints with a characteristic 
-' 

pattern (Billings., 1972). Joints may be classed by type 

of stress, such as tension and shear joints (Nevin, 1949), 

by genesis, such as extension; exfoliation,- release, and 

shrinkage joints,· (Billings, 1972), 'by regularity, such as 

systematic and nonsystematic (N'evin·, 1949), by geometry, 

such as ortho-gonal or conjugate (Billings, 1972), by 

orientation to local strata, such as s~rike, dip, oblique, 

and bedding joints (Billings, 1,972 L or by aerial extent 

and orientation (Nelson, 1985). 

For this study I need·a simple classification system 

that defines fractures ~Y criteria that can, for the most 

part, be identified using remote sensing techniques. 
' -

Nelson (1985) proposed classifying natural fractures as 

tectonic or regional based'on aerial extent, orientation, 

and offset. Tectonic fractures are those whose origin 

can, on the basis of orientation J distribution J- and 

morphology, be attributed to or associated with a local 

tectonic event. Tectonic fractures may be fault-related 

or fold-related. 

Regional fractures are those that are developed over 

large areas of the crust with relatively little change in 

orientation, show no evidence of offset ac_ross the 

fracture plane, and are_always perpendicular to major 
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Map View 

A Joint Set A Joint System of Two Sets Orthogonal to Each Other 

Figure 1. Joint Sets and Joint Systems. 



Bedding surfaces. They may be considered as vertical 

joints. The lack of offset suggests a tensile origin 

(Billings, 1972; Nelson, 1985)4 Regional fractures are 

commonly developed in orthogonal systems (Stearns· and 

Friedman, 1972), i. .e ~, the fracture sets intersect at a 

90 degree angle in map view ( Fi~ure 1) . · _ 'J:'his study is 

concerned with regional fractures. 

Classification of Fractured Reservoirs.· 

11 

Fractured ·reservo'irs (and aquifers) may be classified 

by the effects ''fractures have on' porosity and permeability . - . 

(Nelson, 1985). Types of ·reservoirs (-or aquifers) in this 

system are: 

TYPE 1: 

TYPE 2: 

TYPE 3: - · . 

TYPE 4: 

Fractures provide the essential 

rese.rvoir (aquifer) porosity 

~nd permeability. 

Fractures provide the essential 

reservoir (aquifer) 

permeability. 

~ractures_assist permeability . 
in an-already :Producible 

rese.rvoir (aquifer). . ' 

-

Fractures provide no additional 
•' ' 

~orosity or permeability but 

create significant reservoir 

(aquifer.) 'anisotropy. 



Fracture Porosity. and Fracture PermeabilitY. 

The-effect of fractures on fluid flow through rocks 

is not uniform everywhere-and in all directions. The 

overall effect may depend on no~-fracture porosity and 

permeability in the host rock·and on fracture width, 
' ' 

length, density (or spacing), ~nd orientation (Nelson, 
-

1985; Long and Wi t·};\erspoon, , 1985). 

12 

Porosity is the pore space , or void space, in rocks 

and it is expressed as a fract1on or. percentage (e. g .. 23 

or 23%) of total ~olume (L~vorsen, 1967). The amount of 

porosity contributed by fractures depends upon the average 
' 

fracture width. (assuming the fracture is "o.pen"') and 

density (number of fractures per unit area). 

The amount 'of.'permeability contributed by fractures 

is more complex. Permeability is the measure of the ease 

with which fluids -may move through ·the interconnected 

pores of a rock (Levorsen,· 1967) and it- is usually 

measured in units called ~arcies (one -unit being a 

darcy). 

The first·_quantitative descripti.on of fluid flow 

through"porous media was by Darcy (1856). ~is equation 

concerned Newtonian flow.in a continuous, homogeneous, 

porous medium and is as follows: 

Q = K * A * dh/~1 (1) 
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where Q is the flow rate, K is the hydraulic conductivity, 

A is cross-sectional area, and dh/dl is the head gradient 

(drop in elevation from point to point in feet per foot or 

meters per meter). The head gradient provides pressure to 

the system via gravity. 

Hubbert (1940) showed that hydraulic conductivity (K) 

is a functipn of permeability (k') fluid deqsity (P); 

fluid viscositi (u) and th~·acceleration of gravity (g) 

where: 

and 

K = k'(P * g/u) 

2 
k' = N * d 

(2) 

(3) 

. . 

where N is a dimensionless coefficient characterfstic of 

the medium, and d is the average grain diameter. The 

dimensions of k' are length squared, where one micrometer 

squared equal .968 darcy-(Nelson, 1985). 

2 
Because N d cannot be defined for a fracture 

(fractures haveno grain diameter "d"), the parallel-plate 

theory of flow was developed (Huit~, 1955; L~mb, 1957; 

Snow, 1965; Sharp et al., 1972). It is expressed by the 

equation: 

3 
Q/A = e /12D (dh/dl) (P * g/u) (4) 



where e is the distance between plates (fracture width), 

and Dis fracture spacing (the-average distance between 

parallel regularly spaced fractures). 

Parsons ('1966) combined the parallel plate equation 

with Darcy's and Hubbert's equations t~ ~etermine the 

total roqk permeability:· 

2. 

14 

* cos a)/12D (5) 

., 

where k' is the permeability of the ·,fracture plus rock 

system, k'' i~;the permeability of the non-fractured host 

rock, and "a" is the ang-le' ·between the axis of the 
' ' 

pressure gradient (head gradient') and the fracture plane 

(Figure 2). 

It follows that fracture permeability a'lone is 

represented by the -·follol!lng equation: 

3 2 
Fracture Permeab~lity ='(e. * cos a)/12D 

·' 

Parson's equation shows that 1) as permeability of 

the rock matrix (k' ') .approaches ze,ro, fracture 

permeability (if present) predominate~, and 2) that 

(6) 

fracture permeability i~·· dep~~dent on fracture width, 

fracture spacing (or density),. and fracture ·orientation. 
' .. l ' ' 

Although this equation does not address fracture length, 

it also plays a part (Long and Witherspoon, 1985). 
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Figure 2. Examples ofAngle "a" Between the Gradient and 
the Fracture Plane. 



Long and Witherspoon (1985) showed that intercon

nection between given fracture sets is a complex function 

of fracture density, and fracture extent or length. As 

fracture length increases the degree of interconnection 

increases. 

Direct Measures of Fracture PermeabilitY. 

16 

Several methods have been proposed to estimate 

natural fracture permeability using rock cores (Yale et 

al., 1989). No method is entirely satisfactory because 

coring commonly creates artificially induced fractures, 

release fractures occur soon after coring, and cores yield 

a limited area of investigation relative to the area of 

interest such as an oil field or fresh water aquifer. New 

methods are being proposed simply for accurate prediction 

of natural fracture direction in cores (Yale et al., 

1989) . 

Fracture identification and determination of oil and 

gas field "pay" using wireline surveys has been an elusive 

goal, particularly in carbonate reservoirs (Casarta et 

al., 1989). Oil detection by well logs in fractured 

reservoirs is rare (Lau and Bassiouni, 1989). 

Nelson (1985) and Harvey (1988) described how elec

trical and geophysical well logs may be used to detect 

subsurface fractures using resistivity, caliper, neutron

density, acoustic, and variable intensity logs. These 

devices may detect the presence of vertical fractures via 



a particular log signature, but because of variations in 

down-hole conditions, such as mud resistivity, mud cake, 

etc., the absence of these log sign~tures does not define 

the absence of frac·tures (Nelson, 198_5; Harvey, 1988) . . ' 

Theref·ore, these method.s are qual,itative and not qua~t-
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i tati ve, ·and cqmmonly cannot be used even to rarik areas __ of 

greater or lesser fracture-density. 
' ' 

' ' 

Other well-bore fracture detection t~chniques 

described by Nelson (1985).include i~pression packers and 

down-hole televiewers. These methods also have limita-

tions. In addition-to normal photographic problems of 

light, etc., the down-hole televiewer is limited to gas or 

clear-liquid filled ho~es.: The presence of residual 

drilling .mud cake' on 'th~_well w~ll m~y impede or.eliminate 
' ' 

direct photography of the wel~ bore (Nel~on, 1985). 

Although impression pack·e~·s are useful for delineating 

artificially ~nduced fracture.s- (Overbey and Rough, 1971), 

mud cake and relatively,·small widths of natural fractures 

severely limit usefulness to detect natural fracture 

syst~ma-(Ne~son~ 1985). · 

Field tests have sought fracture networks connecting 

given wells, but testing for and delineating "in'situ" 

fracture characteristics between wells is a complicated 

and difficult ta'sk: '(Silliman .and Robinson, 1989). Perhaps 

remote sensing techniques can provide additional insight. 



Vertical ContinuitY of FractUres. 

Presently, scientists_can not estimate how deep-into the 

subsurface regional tensile ·fractures may be project.ed 

(Nur, 1982). Griggs ~nd·Hand~n (1960) believe that 

tensile fractures are unlikely to be deeper than just a 
, ' ~ ' 

few hundred meters·, because pre.ssure from the weight of 

overlying rocks will tend t,o close deep fractures. Secor 

(1965, 1969) and Price (1975). have show~; however, that 
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high hydrostatic pore pressur~ may actually counteract the 

overburden effect and permi·t deep. tensile fractures. 
~. l ' 

Secor's fractures do not o~igfnate at the ·surface but at 

depth from which, ~h~y may·propagate towards the surface 

·(Secor & Pollard, ·1975·t· 

Nur (1982) suggeste~ that the penetration depth of 

tensile fractures that '.:Pr~duce, lineaments is directly 

related to length·. LC?ng fractures on the surface tend to 

be those that reach to the gr~ates~ depth. Nur's 

suggestion,is based on a mechanical model. He states ~t 

present -no dire~t ·proof ex'fsts · for the d~P~.h distribution 

of fractures, but he believes that systematic geophysical 

and borehole investigat.ions may· eventually determine the 
< ~ I ~ 

actual depth distribution and thus confirm or disprove his 
' . 

model. 

Deep fractures are thought to exist on other 

planets. Risner (1989) suggests that the subsurface of 

Mars is fractured to depths_up to 10 or 20 Kilometers 



( 32, 000 to 64, 000 feet) , and that these fractu·res play an 

important role in the geohydrology of the planet. These 

fractures -are believed to have-been caused by -meteor 
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impacts and tectonic extension (Risner, 1989). Because 

the crust of Mars is not recycled by plat~ tectonics, th~ 

fractures would still be p~esent to serve as reservoirs 

and conduits (Risner, 1989). 

Vertical Propagation of FractUr~s. 

From his study of the Comb Ridge-N~vajo Moun~ain area 

of- Arizona and Utah, Hodgson. (1961) proposed' that joints 

form early in, t.he history of·- a sediment and are produced 

successively in ·each new laY;er of rock as soon·as it is 

capable of fracture. The joint pattern in pre-existing 

rocks may be reflected upward into new, non-jointed· rock 
~ ,' - ~ 

and control the joint directions. He noted that in his 
' -

study area, regional f'ractures trend across several folds 

of considerable magnitude but do not swing to keep a set 

angular relation to a fold axis .. He propose~ that 

regional join~s. are,. controlled ~Y forces othe.r than those 

that formed the folds. Lack of offset along the region~l 

fractures suggests a -tens_ile, origin. 

Stearns (,1972) disagreed with Hoagson~s vertical 

propagation (inherited fractures) hypothesis. As evidence 

he cited the Jurassic beds of the Uncompahgre Plateau, 

where the underlying Kayenta and overlying Summerville 

sandstones both contain the same regional orthogonal 



fracture patterns, but are separated by the 40.m (125ft) 

thick Entrada sandstone which has no apparent fractures. 

Stearn_s contends that the absence of fractures in the 

intervening unit argues ag~f~st vertical propagation. 

Nelson (197~) suggests that th~ jointing in the Kayenta 

and Summerville was"cau~ed by the same stress field and 

that fracturing occurred at the same time without overtly 

affecting the Entrada. 

The E~trada is a calcite.cemented sandstone known 

locally as "s~ick rock". T~is descriptive label may be a 

clue why the ED;trada.does not display fractures. Calcite 

is more ductile and less susceptible to fracture than 

quartz or dolomite .(Sinclair, 1980). Calcite cement may 

also give the Entrada its "slick" ap.pearance. The 
. ' -

20 

ductility of the calcite cement may reduce the probability 

of fracturing, but it does not preclude propagating 

stress. The question of whether the Kayenta and Summer-

ville were fractured simultaneously by the same stress 

event (Nelson, 1975), or whether fractures were propagated 

vertically over time (Hodgson, 1961) is not .answered by 

the lack of fractures in the Entrada. The concept of 

vertical propagation: of joint patterns remains to be 

proven or disproven. 

Aerial Variation of Fracture Sets. 

Hodgson (1961) observed the following recognizable 

variations in the spacing of joints: 1) local departures 
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in the average spacing of joints in a single set, 2) 

variations in average spacing of joints from set to set in 

the same area and rock unit, 3) variations in average 

spacing of joints of the same' set i~ rock units of 

differing thicknesses and lithologic c~aracter in the same 

area, and 4} irregular areas where systematic jointing is 

non-existent or poorly developed. 

Fracture spacing can be affected by individual 

variations 'in lithologic units (Nelson, 1975}. This may be 

explained by differences in, ductility and ·.bedding 

thickness. It is doubtful, however, that all variations 

in regional fracture spacing are the result of lithologic 

changes. Hodgson'(1961} observed variations in spacing 

within the same lithologic units in the same area. 

Nelson (1975) 'found re~ional fractures exceptionally

well developed iri the Lake·Powell area (on the Colorado 

Plateau}. Fracture orientation frequencies (rose 

diagrams) from outcrops, however, .did not agree with rose 

diagrams of lineaments. interpr~ted from air-photos. 

Nelson noted that fractures measured at outcrops tended to 

change strike orientation from formation to formation. 

This change in orientation was apparently caused by large 

scale sedimentary structures within ,the. fractured 

members. These structures create mechanical anisotropies 

within the formations, which control the orientation of 

subsequent fractures. 
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Nelson's regional fracture orientations de~ived from 

air-photo interpretation, however, were consistent with 

the orientation of inferred' ·basement faults beneath Lake 

Powell measured' in a r~g~on:al geophysical investigation by 
,-

Case & -Joesting ( 1972) .- Nelson attributed the difference 

between ground and air me~su~ements to scale. Ground 

measurements'of a particular fracture tended'to emphasize 

any local variation created by anisotropy (sedimentary 

structures), whereas the air-photos tend~d to display 

major features such as toppgraphy, drainage, and tone, and 
' ' 

would show the.average ori~nta~ion of regional fracture 

sets. 
'\ 

Fracture DensitY·: 

Natural fracture systems are commonly such a compli-
' cated cross-cutting fabric that determination of average 

' ' ~ ' 
' ' 

spacing is difficu,lt if no:t .~m:Possil;>le to define (Nelson, 
' ' 

1985). Although fract~re spacing can be directly obse·rved 

in outcrop and mines, difficul ti~s .exist 'in quantifying 
' ~ 'l 

subsurface fracture densi~y because of the small size of 

most subsurface sampling me~hods, such as core and 
'' 

wellbore observatio-~s (Neison~· 19-85). 

Nur (1982) suggests from his model that fracture 

density is inversely proportional to fracture depth. He 

also suggests that fracture-controlled lineaments at the 

earth's surface are generally restricted to a small number 

of sets, with angles ranging from 45~90 degrees between 
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sets. He suggests the opening and subsequent closing of 

tensile fractures may lead to narrow ~ones that are 

relatively high in porosity and permeability, mechanically 

weak, and ,liable. to erosion. · These traits would tend to 

create topographic or erosiona~ lineaments along long deep 

fractures . . 

Remote Sensing 

Aerial Photogr~ph~ 

The first known aerial photograph was taken in 1858 from a 

balloon (Newhall,, 1969). The. use of air-photos, ph_otogram-
.. 

metry, and remote sensing +n·geolog~, however, is 

relatively recent becau~e the tools needed- for these 

techniques were-not available in a practical sense until 

the twentieth centu'ry. _ The· first aerial photographs taken 
' 

from an airplane for ge<:>log~c ~apping purposes- were used. 
•' 

to construct a mosaic cover~ng Bengasi, .Libya in 1913 

(Lillesand and Kiefer, 1987). Some interpretive use of 

aerial phot~graphs·began in the 192~s _and ai~-photos have 
' ~ '~r 

been used since the early 1930s to facilitate soil ·mapping 

(Lillesand and Kiefer, 1987). Prior to World War II, 

however, aerial photography missions_ were_relatively rare 
" ' 

and quite expens·iv~. The weather ·had .to be very clear and 

air bases had to be close to target areas (Richason, 

1983). The use of aerial phot~s in geologic interpreta-

tion w~s not widesp~ead until the 1940s .(Melton, 1959). 
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Following World War II, science,began to adapt wartime 

techniques to peacetime needs. 

Space ImagerY .. 

' ,. 
The age-of ph~tography in space for geologic 

interpretation began modestly in the 1960s with sporadic 
' . ' 

~ ~ ' ; 

pictures from Hasselblad cameras hand-held-by American 
~ ! - ' 

Gemini astronauts (Ameri9an Society of Photogrammetry, 

1983). In ,1972 the Barth Resources Technology Satellite 1 

(ERTS-1) was launched. It. was. designed as an experimental 

system to test the feasibility. of collecting earth 

resource data from unmanned.satellites "(Lillesand and 

Kiefer, 1987). -The Earth Resources Exp~riment ~ackage 

(EREP) was laun~hed aboard Skylab in 1973. BREP 

experiments .demonstrated the complementary nature of 

photography, electronic imaging, and multi-spectral 

scanning from space (NASA, 1977). ERTS was renamed 
' ' 

' 

Landsat in 1975 to distinguish it fro~ Seasa~, the oceanic 

satellite program, and it has evolved into a global 

resource monitoring program (Lillesand and .Kiefer, 1987). 

As of this writing (1989) five-Landsat satellite~ have 

been launched. Landsat-5-is' sti'll operating. 
' . ' 

In 1978 the French government undertook the 
- • r .,. ~ 

development of the Syst'e~e Pour '~~Observation de la Terre 
, , 

(SPOT). From its inception, SPOT was' designed as a 

commercially oriented program, which was to be ope~ational 

rather than experimental (Lillesand and Kiefer, 1.987). 
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The first SPOT satellite was launched in 1986. SPOT is 

the first commercial satellite to have pointable optics, 

and to provide full scene stereoscopic imaging (from .. two 

different ·tracks covering.the same area). Detailed 
J 

descriptions of the capabtli ties, resolutions,. and 

spectral wavelengths scanned by Landsat ,and Spo~ are 

available in Sabins (1987), Lillesand and Kiefer (1~87), 

and Short & Blair (1986): 

The American Landsat. and the French· SPOT systems 

operate under an international "open skies'" policy which 

allows nondiscriminatory access to data collected any 

where in the world. Japan and India are currently 

developing earth resource s~tellite systems. Neither 

country has announced that they will follow the open skies 

policy. 

Although remote sensing in geology may be considered 

a recent science, the subject is supported by a signifi

cant volume of literature; The problem at hand can be 

narrowed to the discussion of remote sensing in flat land 

areas, specifically the. detection of subsurface fracture 

trends and fracture density using surface maps and remote 

sensing. 

Lin'eaments 

The term lineament was proposed by Hobbs (1904, 

1912). He defined lineaments as "th'e significant lines of 

landscape which reveal the hidden architecture of the rock 
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basement ... They are character lines of the earth's 

physiognomy" (Hobbs, 1912, p. 227). Lillesand and Kiefer 

(1987, p. 130) define lineaments as regional morphological 

features, such as streams, escarpments and mountain 

ranges, and tonal features ~hat in manY areas are·the 

surface expressions of fractures or fault zones. Sabins 

(1987, p. 102) defines a lineament as. "a mappable simple 

or composite l.inear feature of a surface, whose parts are 

aligned in a straight or slightly curved relationship and 

which differs distinctly from the patterns of adjacent 

features and reflect surface phenomena". 

Must a phenomenon be "regional" in scale (Lillesand 

and Kiefer, 1987) to be a lineament, or may it simply be a 

"mappable linear feature" (Sabins, 1987)? Must features 

represent "the hidden architecture of the rock basement" 

(Hobbs, 1912) or be "expressions of fractures or fault 

zones" (Lillesand and Kiefer, 1987) to be lineaments, or 

may they simply "reflect.surface phenomena which differs 

distinctly from the patterns of adjacent features" 

(Sabins, 1987)? Definition is .that which refines the pure 

essence of things from the circumstance (Milton, in Bates 

and Jackson, 1980). The essenc~ of lineaments is that 

they are mappable linear features. Sabins (1987) did not 

assign particular subsurface significance to a given set 

of lineaments based on remote sensing data alone. No 

genetic or subsurface connotation should be attached to 

the term lineament. 
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To be usable and reproducible, a set of mapped 

lineaments must be defined by their criteria, which 

includes the lineament type, -minimum or maximum lengths, 

type of data from which the'y we:re mapped, and any other 

pertinent restrictions for recogni tlon ·. Sabins ( 1987) 

divides lineament types into geomorphic versus tonal~ 

continuous versus discontinuous, and simple versus 

composite. Geomorphic lineaments are topographic in 

nature and may include ridges, shorelines, stream valleys, 

or stream segments. Tonal lineaments involve changes in 

reflectance and may include changes in soil color o~ 

texture, changes in rock color or texture, changes in 

vegetation type, or changes in vegetation health. For 

example, a strip of water or·drought stressed vegetation 

in a field of a given crop will tend to have a different 

reflectance than healthy vegetation. This is commonly 

apparent in near-infrared wavelengths before it is 

apparent in visible light (Lillesand and Kiefer, 1987). 

Simple lineaments are composed of a single lineament 

type. Composite lineaments consist.of more than one 

type. A continuous lineament is uninterrupted. A 

discontinuous lineament is defined by separate features 

that are relatively closely spaced and aligned in a 

consistent direction or line. 



Surface and Subsurface Relationships 

Nelson (1985) showed that fracture trends defined 

from outcrop measurements emphasized local rock aniso~ 

tropies, and lineaments ,from air photo interpretation 

tended to follow regional basement phenomena. Although 

lineaments need to be precisely defined for maximum 

utility, several studies have,demonstrated a relationship 

between lineaments in general and subsurface features. 

Lineaments and Near-Surface Fractures. 
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Peters et al. (1988) correlated lineament analysis 

with "in-mine·: observations at locations in central Utah 

and northern Alabama. Using a 75 m (250 ft) zone of 

radius around lineaments, approximately 80% of ground 

control problems at the Utah sites matched mapped 

lineaments, and approximately 92% of roof fall problems at 

the Alabama sites matched mapped lineaments. Surface 

lineaments matched fractures, fracture zones, paleo

channels, and Z<?nes of "ground cont,rol problems .. at the 

mine level. This research has shown that lineaments in 

many cases are related to subsurface fractures or paleo

drainage patterns that can cause or contribute to ground 

control problems (Peters, 1988). 
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Lineaments and Deep Fractures. 

One method of indirect detection of natural fractures 

in the subsurface is via remote sensing (Blanchet, 1957). 

Certain assumptiqns 'are required' to apply remote sensing 

data to the subsurface. They are: 1) high-intensity 

fracture zones continue with depth (~heeler, 1980), and 2) 

features that are long in map view continue deep through 

the section (Nur, 1982). ~o what degree these assumptions 

are valid is not known at this time (Nelson, 1985). 

Lineaments and Subsurface Fracture Orientation. 

Overbey and'Rough (1971) studied the relationship 

between surface fractures, lineaments, and induced 

fractures in oil and gas .wells in eastern Ohio' and found a 

positive relationship between surface fractures mapped 

from air photos and in~uced well-bore fracture 

orientations. Aerial photographs were interpreted ·through 

stream drainage patterns, vegetation, soil distribution, 

and photog~aphic tones and textures for ~ineament 

analyses. Induced well-bor·e· fracture orientations were 

measured with down-hole impression packers after 

artificial fracturing. Induced-fracture orientations 

tended to parallel the dominant:fracture orientations 

measured from air photos. The average depth of wells in 

the study area is 700 m (2~00 ft) (Yates, 1989). 
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Lineaments and Fracture Permeability. 

Parizek (1975} showed that water wells drilled ~nto 

carbonate aquifers were more'highly productive when 

drilled in areas of fracture concentration defined by 

surface ·fracture traces and mapped lineaments. In 

addition, wells drilled in these areas near a surface 

fracture trace (lineament) displayed more_consistent yield 

and less variability for the same setting. Cooley (1983) 

mapped divisions of fracture permeability based on 

distribution of structures and lineaments in sedimentary 

rocks of the Rocky Mountains-High Plains region. 

Surface Expression of Buried qtructures. 

Berger (1986} pre~ented a "New Technique" for 

structural analysis of low-relief basins that integrated 

Landsat data with othe~ geologic data sets including 

subsurface and production data. He cited examples from 

the Powder River Basin and the Central Basin Platform of 

West Texas. He conclud~d that surface,expression of, 

buried and obsdured structur-es are attribute'd to 

differential compaction, loading, structural reactivation, 

and other processes -related to abnormal flows of ground 

and surface-waters near structures. Okonny (1981} showed 

a correlation between the sedimentary wedge of the Niger 

delta and basement controls using Landsat Lineaments. 
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Topographic Relief Patterns and Geologic Structures. 

Eliason (1984) developed a technique for geologic 

analysis of topC?graphy us in~- ,:d~gl tal techniques and remote 

sensing data.- His goal was to find, a link between 

topographic relief patterns and geologic structure. These 

analyses have shown that the las-:t major tectonic event in 

an area strongly controls the development of the· 

erosional pattern (Eliason,, 1984). Natural outcrops are 

poor areas for locati~g jointing representative of the 

most recent maj~r tectonic event. These outcrops tend to 
' develop because of resistanc~ to erqsion, which is 

commonly related to lack o'f joints.· Rec'ent jointing 

dominates control of erosio.nal topographic forms in many 

areas and is, therefore, commonly cover.ed by the products 

of erosional processes ~Eliason, 1984). 

Subsurface Structure·And Sea~Surface. 

The expression of-subsurface phenomena on r~m~tely 

sensed data is not limited t,o lineaments,. Bostro.m ( 1989) 

demonstrated that Seasat imagery can' be used a.s -·a 

gravimetric device to display primary crustal structures 

such as basins and major anti'cllnes or synclines, even in 

areas where the- bas,ement rock is obscured from normal 
' ' 

(reflection) seismic data by thick volcanic or carbonate 

sequences. Simply, sea-surface heights are sensitive to 

crustal structure, and satellite observations of the sea.-

surface mirror the basement. 
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Fractures and Streams 

Established evidence proves a link between lineaments 

and some subsurtace phenomena. ,.A systematic procedure is 

needed that will link specific mappable lineaments, such 

as stream lineaments, to specific subsurface features, 

such as fractures. The idea of lin~ing strai~ht line 
'' ' 

stream segments (as lineaments) with~subs~rf~ce fractures 
' ' 

is not new '(Melton, 1959; Ray, 1960)', but is still 

controversial (Scheidegger.and LangQein, 1966; 

Scheidegger, 1983; Pohn, 1983). Conflicting views are 

given below. 

Evidence Against Fracture Influence on Drainage. 

- ' 

Random Processes. ·.The:: influenc!== of subs~rface 

fractures on drainage patterns has not been universally 

accepted (Scheidegger and Langbein, 1966; Scheidegger, 

1983; Pohn• 1983). Scheidegger and Langbein (1966) 

applied a mathematical model to rivers and landforms 

produced by: running water· .and concluded that- the processes 
' ' 

that are operative represent t~~ cumulative effect of many 

small-scale- events, which are· impos'sible to follow in 

detail. The primary conclusion was that landforms 
_, 

produced by the action of flowing water are dominated-by 

random processes. 

Riyer Trends versus Fractures. Scheidegger (1983) 

compared joint traces, river-trends and photolin,ears in 
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Alberta, Canada and found that river courses in Alberta do 

not align themselves with joints and are presumably 

controlled by the general slope of the land towards 

Hudson'• s Bay. He concluded that photo lineaments are 

features of uncertain·origin and age~; Scheidegger's 

(1983) conclusions may have been affected because his 

azimuths were averaged for stream segments approximately 1 

km in length. No discussion was provided for azimuths of 

shorter stream segments. 

Joint Oblique Yallevs. Fohn (1983) studied an area 
" " 

in south-central New York and ·adjacent northern Penn

sylvania that had two sets of joints that meet ortho-

gonally. He hypothesized that the development of most 

streams paralle~ to joint .directi~ns did not apply in t~is 

area. Fohn ( 198'3) studied valley development rather than 

stream segment or channel morphology. Although some well 

developed valleys are joiht~parallel, most valley~ in the 

Finger Lakes region are joint-oblique. Streams whose 

courses.are oblique to the joint directions (joint-oblique 

valleys) erode easily be.cause of increased .. corrasion and 

subsequent undercutting at the intersection of joints. 

The removal of joint~bounded blocks in joint-oblique 

valleys forms cascades that advance ·.headward by apical 
" < 

erosion. Streams whose courses are parallel and 

perpendicular to the nearly orthogonal joint' .sets (joint

parallel valleys) erode by waterfall and plupge-pool 

formation. This is apparently a less efficient mode of 
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valley development than joint-oblique erosion in this 

area. Where valleys are joint-parallel ,they are caused by 

1) a s-ingle deep pervasiv~ joint whose presence acts as a 

barrier to lateral expansion· of the stream, or 2) erosion 

along joint zones where intense fracturing (high fracture 

density) produces weak erosional resistance in the rocks. 

Eyidence For Fracture Influence on Dtainage. 

Concept of Universal Tectonic Influence. Other 

researchers have found evidence of fracture influence on 

streams to be common. In-1'959, Frank Melton of the 

University of Oklahoma proposed the concept of universal 
""•) 

tectonic influe~ce on most continental drainage. His, 

primary point was that the iast major tectonic event in a 

region tended to influence the drainage pat'tern of that 

region even through or after minor tectonic pulses, 

inundation, unconformities, etc. The mechanisms by which 

adjustments to tectonics are reached may be 1) repeated 

minor uplifts or other movements of buried tectonic 

features,_ 2) ·differential compaction over buried surface 
- ' 

topography or tectonic axes, 3) influence on or 

derangement of,groundwater flow:because of 1 and 2, and 4) 
. ' 

development of joints (fractures) to a degree which will 

affect weathering and erosion in the' overlying rock. 

Melton asserted, that paleotectonic features and even 

paleogeomorphic features in strata-benchlands (areas of 

flat lying strata) could be mapped using aerial 
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photographs. Local rills, rivulets, swales, microflexures 

or microscarps may develop in alignment with tectonic 

linears and microlinears even on recently exposed strata. 

In other words, the subsurfac~ fracture pattern should be 

reflected in the surface drainage pattern (figure 4) and 

should,be persistent in space (vertically) and time. 

Fracture Trends and Drainage tfaps. · Ray· ( 1960) 

demonstrated how drainage maps may be used to show cross

joint (fracture) trends and to delineate a prominent 

fracture direction in some areas. He did not project this 

data into the subsurface, nor did he discuss relative 

fracture density. 

Drainage L_ine Orieq.tation and Geologic Structure. 

Weber (1974) prepared a quantitative analysis of the 

relationship between geologic structure and drainage line 

orientation in a neotectonic region, the upland Oak Creek 

watershed area of the Colorado Plateau. He found that 

drainage line orientations correlate positively with 

bedrock, structural orientations and line~r t:rends defined 

by remote sensing. 

Relation Between·, Lineaments ·and Straight Line Stream 

Segments. In Oklahoma Watts (1977) and Azimi (1978) used 

remote sensing (Landsat) imagery to study the relationship 

between lineaments and shallow groundwater aquifers in 

eastern Oklahoma. Watts (1977) found a positive 

relationship between lineaments, straight line stream 



segments, and faults. Some of the lineaments were 

directly associated wit~ known faults. Others paralleled 

the structural pattern of the region and correlated ~ell 

with drainage trends. No statistical measures were 

listed. Azimi (1978) found s~milar results. 

Correspondence Between Joint Orientatiop and Stream 

Networks. Bannister' (1980) studied the correspondence 

between the orientation of joint and\stream networks in 

the mildly folded plateau landscape of southwestern 

Pennsylvania. He found ,that joi~t patterns dominate the 

trajectories of streams where relative relief and 

hydrostatic gr~dient are low'., He concluded that joint 

networks tended to, ·control the directional intensity of 

stream segments in humid landscapes where structural dips 

are moderate. 

Lineaments. Sur,face Joint Trends. and Stream 
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Patterns, Heidelberg· (1983) noted that rectangular areas, 

or parallel and equidistant lineaments, are conspicuous on 

many topogra~hic maps and on views from ~igh flying 

platforms. Many of the lineaments appeared to be caused 

by rivers cutting headwards,along the most obvious or 
' ' 

passable joints. Dimant (1983) showed a significant 
' ' 

correlation between subsurface joint tre'nds and surface 

dra~nage patterns at an underground storage project in 

Israel. 



Stream Orders and Fracture Domains. Ciccacci et al. 

(1987) studied the relationship between drainage patterns 

and fracture trend in the active volcanic area of Monti 

Sabatini in Northern Latium, Italy. The comparison 

between the identified drainage network and·fracture 

domains showed that the main orientations are consistent. 

Their study indicated that 6ertain fracture orientations 

were more prevalent in certain Strahler stream orders 

(Strahler, 1954). Ciccacci et al. (1987) speculated that 

this may be caused by apparently older, higher order 

stream segments, being associated with older fractures. 
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Basement Faults and Surface Drainage. Maarouf (1981) 

used Skylab and Landsat data to determine the relationship 

between structural.and geomorphic features in the Colorado 

Plateau. He concluded that wind or water gaps are not 

randomly located. Rather they occur in zone~ of struc

tural weakness, which have controlle.d drainage paths. He 

further concluded that basement faults have influenced the 

present surface drainage and structures through a sedimen

tary cover of more than 6 kilometers (nearly 20,000 

feet). This same phenomenon can be. observed in western 

Oklahoma over the Aledo gas field. The Aledo field is a 

faulted structural trap that,produces primarily from the 

Hunton dolomite below a depth of 15,000 feet. A radial 

drainage anomaly can be observed over Aledo field from 

Landsat satellite data (Short, 1976; Bruce, 1989). 
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Stream Patterns and the Mid-Continent Stress Field. 

Stauffer and Gendzwill (1987) looked at f~actures, stream 

patterns and the midcontinent stress field in the northern 

plains of North America and.£ound that fractures in Late 

Creta6eous to Late Pleistocene sediment~ in Saskatchewan, 

eastern Montana, and western North Dakota form two 

vertical, orthogonal sets trending northeast-southwest and 

northwest-southeast. The pattern is consistent, regard-

less of rock type or age (except for concretionary 

sandstone). .Modern stream valleys also trend in the same 

two dominant directions and may be controlled by the 

underlying fractures. 

Linear Stream Segments in Unconsolidated 

Sediments. Fracture· -influenc·e on drainage is not 

limited to areas with n'ear-surface bedrock. Cox and 

Harrison (1979) demonstrated that fractures significantly 
' . 

influence drainage on recentcover by mapping a (bedrock) 

fracture-trace influenced stream in glacial drift in 

northwest Pennsylvania.· They discovered that fr~cture 
. ' 

> ' J - '· l 

influence did.not aecrease with increasing thickness of 

cover, up to the maximum thickness in the study.area of 
' ' 

152 meters (500 feet). 

Fracture influence on-drainage is not always readily 

apparent or recognized. Whitesell, Vitek, and Butler 

(1988) studied changes in the planform of the Red River 

through time before and after installation of a flood 

control dam upstream. One reason this particular area ·was 



s~lected for study was that th~ channel lies on thick 

alluvium and thus is not apparently affected by bedrock 

patterns such as outcrops or fractures (Vitek, 1989). 

They found that although the channel pattern had changed 

substantially over a 46 yea~ period, the channel is 
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inherently asymmetric, and that the asymmetry-index values 

did not change si~nificantl~ durin~ the'period studied. 

The dam did not appear to affect channel symmetry or the 

rate of channel migration. Channel diagrams in the paper 

displayed consistent linear stream segments oriented NE-SW 

and NW-SE which are similar·to fracture influenced stream 

segments. Fracture control via groundwater sapping may 

explain the consist~nt asymmetry and linear orientation of 

these stream segments. 

Groundwater Sapping; $ochel et al. (1988) -

demonstrated through model,atudies that joints can control 
' 

channel formation in weakly c.onsolidated layered sediments 

via groundwater sapping. G~oundwater sapping is the 

process of.erosion, particu~arly ~he headward migration of 

valleys or stream channels, caused by groundwater movement 

and the emergence of groundwater\onto the.surface. Howard 

et al. (1988), demonstrated the importance of groundwater 

sapping and.piping in ch~nnel development on the Colorado 

Plateau, in Hawaii, and on Mars. Robb (1988) showed that 

groundwater sapping along joints can be effective even as 

a submarine process. 
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Summary. It has been established that fractures 

influence the ability of some rock formations to transmit 

fluids in the subsurface, and that fracture density and 

orientation are two key components in the permeability 

equation. Evidence has been established to prove that 

mapped lineaments are indicators of fractures in the near

surface (Peters et al., 1988). However, the validity of 

projecting near-surface fractures into the deep subsurface 

is not known (Hodgson, 1961; Stearns, 1972; Nur, 1982; 

Nelson, 1985; Risner, 1989}. 

Okonny (1981}, Eliason (1984), and Berger (1986) 

demonstrated that deep geologic structures commonly have 

surface expression. Melton (1959) hypothesized that most 

drainage is influenced by deep fractures that project to 

the surface. Arguments have been given for and against 

fracture influence on drainage (Weber, 1974; Watts, 1977; 

Azimi, 1978; Cox and Harrison, 1979; Bannister, 1980; 

Maarouf, 1981; Heidelberg, 1983; Scheidegger, 1983; Fohn, 

1983; Ciccacci et al., 1987; Stauffer and Gendzwill, 1987; 

Kochel, 1988). 

There are many different kinds of lineaments (Sabins, 

1987). Lineament mapping can be quite subjective 

(Podwysocki, 1975). Criteria should be defined for 

testing individual types of lineaments for geologic or 

environmental significance. In this study, several 

different mapping techniques will be tested against an 

indicator of fracture permeability in the deep subsurface. 



CHAPTER III 

METHOD 

Problem Statement 

The problem is to develop·a m~thodology that uses 
' remote sensing and/or surface data to predict areas of 

relatively high and low fracture-enhanced permeability in 

the subsurface ~n re~ions o~ flat-lying strata. The 

assumptions are: 

1) Fracture density varies spatially. 

2) Relative,,fracture density influences permea

bility. {In general, higher fracture density 

yields higher,permeabilities.} 

3) Fracture perme~bility varies with lithology. 

4) In a ·fracture controlled (Type I) oil and gas 

reservoir production will vary in relation to 

fracture density.. Uligher fracture densities 

will yield higher cumulative production per·well 

or unit volume of reservoir.} 

5) In areas of flat-lying strata, vertical 

subsurface fracture sets may have surface 

expression. 

41 
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Procedure 

The procedure for this research will involve the 

following steps: 

1) Select a fracture controlled oil and gas field 

that produces from the desired depth range (2,000 to 

3,000 meters/6;500 to 10,000 feet) to serve as a 

model for the study. Because bed thickness and 

lithology may also affect fracture density (Nelson, 

1985), it is necessary to locate a target oil and gas 

reservoir with little appa~ent variation in these 

parameters over a given geographic area. 'Because 

surficial g~ology may-affect the expression of 

fractures on the surface, an atea with minimum 

variation in surficial geology is desirable. 

2) Make subsurface maps of the field including 

s~ructure, isopach~· and lithofacies maps for control, 

and production maps' to serve as ,indicators of 

relative fracture density. 

3) Acquire ~nd make a ~eries of lineament maps of 

the area using different investigators and different 

methods. Compare the various lineament maps to 

ascertain which, if any, correlate with subsurface 

fracture's as defined by oil and gas production. 

4) Select the best method or methods from above and 

analyze it (them) in relation to surface and 

subsurface data to determine if a statistically valid 

correlation exists between,surface phenomena mapped 



by a given technique and subsurface fracture density 

as defined by oil and gas production. Mapping 

methods will be tested by correlating Meramec-Osage 

oil and gas production with fracture density or 

fracture-intersection density. Linear correlation 

coefficients will be calculated and tested for 

significance via ANOVA and t-test of correlation. 

Observations will be deemed significant if the alpha 

limit for type I error is .01 or less. 
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5) If a statistically valid correlation is 

established, define the types of lineaments used, the 

criteria for their identification, and any additional 

procedures required to refine the lineament data to 

create meaningful maps. 



CHAPTER IV 

STUDY AREA 

Location 

The Study area (Figure 3) designated as the Southwest 

Enid Area, consists of Townships 20 North through 22 North 

and Ranges 7 West through 9 West, Indian Meridian, 

Oklahoma. It includes parts of Major and Garfield 

Counties and a small slice of Kingfisher County. The area 

encompasses 839 square kilometers (324 square miles) and, 

except for the extreme northeast corner, is primarily 

farmland with a few villages. The northeast corner of 

the area includes part of the city of Enid and Vance Air 

Force Base. 

Surficial Geology 

Approximately 60'l. of the surface-geology consists of 

Lower Permian age (Cimarronian Series) inter-bedded 

sandstones, siltstones, and shales of the Cedar Hills and 

Bison Formations of the El Reno and Hennesey Groups 

respectively (Figure 4). An outlier of Flowerpot Shale 

Formation (Permian El Reno Group) touches the northwest 

corner of the area. The Salt Plains Formation (Permian 
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Hennesey Group) crops out in places to the southeast where 

Turkey Creek has cut through the Bison Formation, and to 

the east where Hackberry Creek (a tributary of·S~eleton 

Creek) has also cut through the Bison Formation. Neither 

the Flowerpot nor the Salt Plains Formations are important 

aerially. 

The remaining 40% of the' surface geology consists of 

Quaternary alluvium and ,terrace/aeolian deposits which are 

essentially flat lying (Morton, '1980). The largest area 

of Quaternary strata consists of aeolian sand dunes 

adjacent to Cimarron River alluvium (marked Qt in the 

southwest portion of Figure 4). A small slice of Cimarron 

River alluvium ~ouches the southwest corner of the area, 

and a ribbon of alluvium lies along Turkey Creek. Terrace 

deposits underlie the city of Enid on the upper reaches of 

Skeleton Creek drainage basin. A small area west of the 

village of Drummond.was mapped as Quaternary-lacustrine by 

the U. S. Department of Agriculture, Soil Conservation 

Service (1967) (Figure 5), but is listed as Quaternary 

terrace and Permian by Morton' (1980). 

Structural Geology 

The Quaternary strata are flat lying except for 

depositional dip ,in alluvial bars and ·aeolian dunes. The 

Permian strata are all essentially flat lying with dips 

averaging 2 to 5 meters per kilometer or 10 to 25 feet per 

mile (Arbenz, 1956; Morton, 1980). Regional strike is 
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Figure 4. Surfac,e Geologic" Map of the Southwest Enid Area. 
After Morton (1980) and Bingham et al. (1980) 



/ 

/ 
/ 

Figure 5. 

I 
,, ... >E:E--- 6 Miles ----;=-1 

I 

48 

LEGEND 

Quaternary 
Lacustrine 

Area of Quaternary Lacustrine Sediments . 
(USDA Soil Conservation Service) 



49 

approximately west-northwest/east-southeast, and dip is to 

the south-southwest. No major structural anomalies are 

known to be present here (Morton, 1980; Kvans, 1988). 

Outcrops are rare, but when found (Figure 6) display 

a joint system consisting of four joint sets with the 

following approximate strike directions; NW-SE, NK-SW, N

S, and 1-W. The NW-SE/NK-SW orthogonal pair tends to 

predominate over the N-S/E-W orthogonal pair. 

Topography and Drainage 

The Southwest Enld Area.is in the Central Lowland and 

Great Plains Provinces of the Interior Plains (Morton, 

1980) and is part of the Cimarron River drainage basin. 

Hoyle, Turkey, and Skeleton are the principal creeks in 

the area (Figure 7). Rainfall in the area averages 

approximately 79cm (31 inches) per yea-r (Pettyjohn, 

1983). Topography in the area is the result of erosion 

and the type of rocks being eroded. Areas underlain by 

Permian strata display dendritic-like drainage patterns 

(Figure 8). Areas underlain by Quaternary strata, 

particularly aeolian deposits, display deranged or 

centripetal drainage patterns. 

The northeastern part of the study area lies within 

the Skeleton Creek drainage basin. It forms a corridor 

from Enid and Vance Air Force Base to the village of 

Waukomis on the east edge of T21N-R7W (Figure 8). The 



Figure 6. Orthogonal Joints at Outcrop along Hell-and
Gone Creek, NW/4 Section 8-T20N-R7W. Meter 
Stick points approximately north-south. 
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northern part of the corridor is dominated by urban 

development. The area is underlain by Quaternary terrace 

deposits and the Bison and Salt Plains Formations. On the 

terrace the topography is predominantly flat. The region 

is underlain by Bison and Salt Plains strata. Incised 

stream cuts are common. 

The central portion of the study area consists of 

part of the Turkey Creek drainage basin (Figure 8). It 

runs through the center of the study area aligning from 

north-northwest to southeast. It is characterized by 

nearly flat topped hills dissected by Turkey Creek and its 

incised tributaries. It is underlain primarily by Bison 

and Cedar Hills Formations. 

primarily of wheat fields. 

The hilltop areas consist 

The vista from the fields 

gives the impression of uninterrupted gently rolling 

plains (Figure 9). Stream valleys, particularly tribu

taries, create an impression of rugged country rather than 

smooth plains (Figure 10). Straight line stream segments 

strike parallel to joint sets as measured at outcrops 

(Figure 10). 

Part of the valley of Turkey Creek, however, does not 

appear rugged. This area, northwest of the village of 

Drummond, lies in a low flat bowl shaped plain surrounded 

by hills or higher topography. It has the drainage, soil, 

and physical characteristics of an ancient lake bed. It 

is described as deep, nearly level bottom land soils of 

the Drummond-Miller association by the USDA Soil 



Figure 9. Vista from Wheat Field Gives Impression of 
Gently Rolling Plains. NW/4 Section 
10-T22N-R9W. 
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Figure 10. Natural Straight Channel along Cut Bank of 
Hell-and-Gone Creek. Strike S 40 W. 
Section 8-T20N-R7W. 
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Conservation Service (1967) (Figure 11). This is the area 

mapped as Quaternary-lacustrine {Figure 5) by the USDA 

Soil Conservation Service (1967), but as Quaternary 

terrace/alluvium and Permian by Morton (1980). 

The southwest portion of the study is dominated by 

stabilized Quaternary aeolian sand dunes. The topography 

consists of smooth-topped relatively tightly spaced 

rolling dunes. The southern part of'this region has 

deranged or centripetal drainage and is predominantly 

pasture land. Part of this region has thicker sand cover, 

thus allowing subterranean drainage. The lack of field 

capacity (the ability of soil to hold moisture) is the 

primary reason this area is in pasture rather than crops. 

It is described by the USDA Soil Conservation Service 

(1968) as deep, duned and.hummocky, sandy soils of the 

Tivoli-Pratt association 

Northern and'western parts of this region (the 

southwestern portion of the study area) are part of the 

Hoyle Creek drainage basin. The Hoyle Creek area is a mix 

of cropland and pastures. ·One may infer ~hat the sand 
\. 

cover is thinner in the Hoyle creek 'area, thus allowing a 

more conventional drainage pattern to develop .. The area 

is described by the USDA Soil Conservation'Service (1968) 

as deep, undulating, sandy and loamy soils of the upland 

Meno-Shellabarger-Pratt association. 
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Hydrogeology 

Surface water quality in the area is poor with total 

dissolved solids in Turkey Creek generally exceeding 1,000 

mg/1 (Bingham et al., 19ao; Morton, 1980). Groundwater 

quality in the area is moderate to poor with total 

dissolved solids ranging from less than 500 mg/1 in the 

dune sands and the Cedar Hills' Aquifer to ov~r 1,000 mg/1 

in the Turkey Creek and Cimarron River alluvium (Bingham 

et al., 1980; Morton, 1980). 

Minerals 

Excluding oil and gas, industrial minerals in the 

area include sand and gravel along streams, and small 

deposits of Tertiary and Pleistocene volcanic ash 

(Johnson, 1969). Sand and gravel is used primarily for 

building aggregate in concrete and asphalt. Volcanic ash 

is used as an abrasive, as an admixture in pozzolan 

cement, and is suitable as an insulating compound (Bates, 

1969). In also weathers to bentonite which is used as an 

adsorbent clay and is valuabl~ for its swelling properties 

(Bates, 1969; Johnson, 1969). 

Subsurface Geology 

The geologic column, illustrated in Figure 12, shows 

the sedimentary section in the study area extends from the 

surface to a depth of approximately 3,000 meters (+/-

10,000 feet) where Pre-Cambrian igneous/metamorphic 



"basement" is encountered (Evans, 1988)'. Of interest in 

this study is the sectioQ down to and including the 

Meramec-Osage Limestone. 

Integrating scout ticket and well log data from the 

Oklahoma Well Log Library with descriptions of the 

sedimentary section by Morton (1980) and Bingham et al. 
" ' 

(1980) generated the following description. Subsurface 

Permian rocks include the Garber'Sa~dstone, Wellington 

Anhydrite, and rocks of the Wolfcampia~ Series. Of 

particular note is the Wellington Anhydrite which ~an be 

found between t"he approximate depths of 150 to. 600 

59 

meters. This thick evaporite section forms a seal between 

the Permian rock~ above, and oldef rocks below. 

Below the Permian l~e Pennsylvanian age rocks~ which 

are predominantly shal.e with interbedded sandstones and 

siltstones, and occasional limestones such as the Big 

Lime and Oswego. Pennsylvanian rocks lie unconformably on 

the Mississippian age (Chesteran) Manning. Below the 

Manning lies the Meramec-Osage. 

The top of the Meramec~Os~ge Limestone occurs within 

the depth range of 1,980 to 2,140 meters across the study 

area. It is between 150 and ~oo· meters thick and is a 

thickly bedded calcareous wackestone (u~ing Dunham·~ 
' -

classification, 1962) or biomicrite to'jelmicrlte (using 

Folk's classification, 1962). 



Figure 12. Geologic Column of the Southwest Enid Area. 
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Four cores of the Meramec-Osage from wells drilled 

within the study area were exami~ed (Appendix A): Little 

variation in lithology occurred ver~ically or horizontally 

except for some variation in silica (chert) content. None 

of the cores exhibited vis~ble matrix porosity. Scout 

ticket data indicated the presence of three feet of "good 

limestone porosity bleeding oil" in' one core,' but this 

core interval was missing. Stylolites were present to 

abundant in .all of the cores. 

Vertical fractures were present in some of the 

cores. These fractures were up to 0.5 mm wid~ and 70 mm 

long, with crystal linings. Some fractures were 

completely "healed" with calcite crystalline cement. 

Others were open~with, euhedral quartz crystals lining the 

fracture walls. , 

Harris (1975) rep9rted increases ~n fracture density 

in conjunction with more siliceous facies in the Meramec-

Osage. He postulated that this was because siliceous 

strata would shatter more readily. It is perhaps as 
' ' 

likely that diagenetic chert would occur ~ore read~ly in 

areas of higher fracture density because of increased 

permeability. Which .came first~ siliceous·rocks, or 

higher fracture density is unresolved. 



CHAPTER V 

PETROLEUM GEOLOGY 

The Sooner Trend 

On April 22, 1965, the Oklahoma Nomericlature 

committee of th~ Kansas-Oklah6ma Division, Mid-Continent 

Oil and Gas Association consplidated 21 previously 

separate multi-pay oil and gas fieLds under the single 

designation of Sooner Trend (Petroleum Information, 

1982). The trend lies on a homoclinal slope on the 

northeastern edge of the Anadarko basin (Figure 3). It is 

approximately 20 miles wide and extends over 60 miles NNW

SSE. As of January, 1988, 'the cumulative production from 

the Sooner Trend was approximately 300 million barrels of 

oil and 1.15 trillion c~bic feet cif gas from approximately 

6,000 wells (Petroleum Information, 1982; Oklahoma 

Geological Survey, 1989). At average 1989 prices, this 

production would be worth approximately 7.5 billion 

dollars. 
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Meramec-Osage in the Sooner Trend 

The primary producing formation is the Mississippian 

age Meramec-Osage Li~estone. The Meramec-Osage Limestone 

in the Sooner Trend is a fracture dominated reservoir 

(Nelson, 1985). Oil and Gas production within this system 

is controlled by reservoir characteristics arising from 

variations in the concentration of fracture permeability 

(Harris, 1975). The trapping mechanism is the finite 

nature of permea-bility in a fracture system where it 

extends laterally through massive beds of low matrix 

porosity (Harris, 1975). Top and bottom seals are 

provided by Chesteran and Woodford shales respectively. 

The study area is near the northern end of this trend. 

Southwest Enid Area 

Oil and gas are the most important "mineral" 

resources in the study area. 1,692 wells have been 

drilled here in the search for commercial quantities of 

hydrocarbons (Figure 13). This provides an average well 

density of 2+ per square kilometer (5.2 per square 

mile). As of January, 1987, over 52 million barrels of 

oil and 475 billion cubic feet of gas have been produced 

from these nine townships (Petroleum Information oil data, 

1988; and Dwight's Energy Gas Data, 1988). At 1989 prices 

this production would be worth nearly 1.7 billion dollars. 



64 

Petroleum Production History 

Production and well history in this area is important 

because the data show that the Meramec-Osage is the 

dominant producing reser-voir, and that wells drilled 

after 1976 were "infill" wells that were predominantly 

drilled in a partially depleted reservoir. The first 

recorded test for oil in the area was a shallow dry hole 

drilled in 1924 (Oklahoma Well Log Library records). At 

this time most oil and gas production in Oklahoma was 

limited to the northeastern part of the state. The 

Oklahoma Geological Survey, as well as most geologists, 

did not regard the area west of the Nemaha ridge (Figure 

4} as having much potential for hydrocarbon production 

(Petroleum Information, 1982). The area continued to 

receive little attention in the 1930's because surface 

mapping of this shelf region failed to define major 

structural features at a time when most successful 

exploratory ventures involved structurally entrapped 

hydrocarbon accumulations (Petroleum Information, 1982}. 

The first production in the area was established in 

1946 from a well completed in the Simpson formation 

(Section 4-21N-9W). Production was predominantly gas, 

which was of low commercial value at the time and of less 

value in this area because of the dearth of gas pipelines 

nearby. This first producing well was not offset until 

1948 (Oklahoma Well Log Library records, 1988}. The 

offset was dry. 
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SUBSURFACE DATABASE 
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ALL OIL AND BAS E.L.S 
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Oil and G~s Well Cqntrol in the Southwest 

-Enid Area. 



Only five additional producing wells were drilled in 

this area between 1948 and 1961. They produced from the 

Red Fork and Manning formations. In 1961 oil and gas was 

discovered in the Meramec-Osage. This discovery was made 

commercial by artificial fracture treatments. From 1961 

to 1977, 852 additional producers were added to the 

Southwest Enid area, 95% of which (809 wells) were 

completed in the Meramec-Osage. These 809 wells have 

accounted for 81% of the total gas and 86.5% of the total 

oil produced from the area to 1988. 

The rapid rise in oil and gas prices of the late 

1970s and early 1980s, coupled with industry tax 

incentives and large volumes of "Fund" drilling capital, 

caused another 784 tests to be drilled between 1977 and 

1988, bringing the total number of wells drilled to 
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1,692. Most of these wells were unnecessary for the 

economic recovery of existing reserves. Post-1976 wells do 

not yield production representative of reservoir quality 

or fracture density. 

Oil and gas have been produced in the study area from 

the Hunton, Inola, Manning, Meramec-Osage, Oswego, Red 

Fork/Skinner, Simpson, and Viola Formations. Of all oil 

and gas wells completed in the study area to date, 88% 

have been completed in the Meramec-Osage, accounting for 

91.5% of the gas, and 88.5% of the oil recovered. Over 71 

percent of the Meramec-Osage wells were single zone 



completions (i. e. no other formations contributed to the 

production). 
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Inspection of the data shows that of the remaining 29 

percent of the Meramec-Osage wells (those that are multi

zone completions), only those wells dually completed with 

the Hunton yielded above average production rates. These 

Hunton-Meramec wells are associated with isolated areas of 

single zone Hunton wells along the Hunton subcrop 

trend. It is not unusual for some Meramec-Osage 

production to be associated with Hunton production in the 

study area. T.he reverse, however, is not true. Maramec

Osage production in conjunction with Hunton fields may be 

caused by fracturing associated with relatively small 

localized flexures which either influenced the location of 

the Hunton subcrop via preservation of the Hunton in 

depressions, or were caused by drape over "paleo-cuestas" 

formed by the Hunton (Withrow, 1972). Meramec-Osage 

production in the heart of the Sooner Trend portion of the 

study area, however, appears to be controlled by 

variations in regional fracture density (Harris, 1975). 

Production from single zone wells other than Maramec

Osage has come from completions in the Manning and 

Simpson. These are all located in the western portion of 

the study area and are easily separated from Meramec-Osage 

wells. Production from all other zones is relatively 

insignificant. 
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Summary 

Because a large number of wells in the Sooner trend 

have been completed from more than one zone, and because 

wells drilled late in the development of the trend suffer 

from depletion affects, cumulative production maps have 

not been considered a reliable indicator of trends within 

any given zone. Production from one formation would 

interfere with mappable patterns of production from 

another. Evidence has been established to prove that in 

the study area, the Meramec-Osage is the dominant oil and 

gas producing formation and that most Meramec-Osage 

production is from single-zone wells. It has also been 

established that wells completed before 1977 will yield 

reliable individual well production without interference 

from depletion. It follows that in this part of the 

Sooner trend, features delineated by mapping single-zone 

Meramec-Osage production (by unit area, or by individual 

wells completed before 1977) will be reliable indicators 

of Meramec-Osage production trends. 



CHAPTER VI 

SUBSURFACE ANALYSIS 

Subsurface analysis focused on the Meramec-Osage 

limestone. The primary goals were to map Meramec-Osage 

oil and gas production distribution, and to ascertain if 

conventional geologic mapping such as structure or 

porosity isopachs could explain this distribution. Well 

density was sufficient to produce detailed structure, 

isopach, and production maps. 

Data 

Scout tickets, geophysical well logs, cores, and 

petroleum production records were the framework for the 

study. The Oklahoma Well Log Library in Tulsa, and the 

Oklahoma Geological Survey in Norman provided most of the 

necessary information. Data were gathered on all 1,692 

oil and gas tests drilled (Appendix B). Geophysical well 

logs were available at the Oklahoma Well Log Library on 

1,100 (68/.)(Figure 14). Data included were: 
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TABLE I 

INFORMATION GATHERED FOR EACH WELL 

1) Well location to an accuracy of 50 meters/165 
feet(i.e. to 1/4 1/4 1/4 1/4 Section). 

2) Well status; oil/gas/dry. 
3) Year completed. 
4) Datum elevation (usually kelly bushing 

elevation) . 
5) Depth to top of Mississippian Meramec. 
6) Depth to top of Woodford Shale (base Meramec

Osage). 
7) Total thickness in feet of Meramec-Osage log

porosity greater than 6%, and porosity log 
type (e.g. sonic, density, etc.). 

8) Pay zone (or zones) in each well. 
9) Cumulative oil production per well to Jan. 1, 

1987. 
10) Cumulative gas production per well to Jan. 1, 

1987. 
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11) Calculated oil equivalent per well in KBOEQ 
(barrels of oil equivalent in thousands). [Oil 
and Gas production were combined by equating 
one billion cubic feet of gas to 176,000 
barrels of oil (U. S. Dept. of Energy, 1988)]. 

12) Whether or not the well was fracture treated. 
13) If logs were available at the Oklahoma Well Log 

Library. 
14) Whether or not "fracture signatures" were present 

on logs for each well logs were available. 
15) Meramec-Osage core descriptions. 



Subsurface Mapping. 

Well data were processed in a Lotus(tm) spread-sheet 

computer program. Repetitive mathematical functions such 

as oil equivalent calculations were performed in Lotus. 
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To avoid "interpretive prejudice" in the early stages of 

the subsurface evaluation, Lotus files were entered into a 

Jupiter(tm) mapping program, a commercially available 

geologic contouring program which uses a "neighborhood

based" algorithm (Watson, 1987). This algorithm cons

tructed a grid over the map area and weighted values were 

calculated for grid intersections based upon values of and 

distances to surrounding wells. In the Jupiter system, 

each individual well value is also honored as long as well 

density does not exceed one per grid. The optional grid 

size was kept small enough to avoid multiple wells per 

grid. The program, therefore, mathematically contoured 

data based upon grid and well values. Each computer map 

had over 20,000 calculated grid data points(approximately 

one every 200 meters/660 feet) derived from and in 

addition to well values. 
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Figure 14. 

SOUTHWE~T ENID AREA 
LOG CONTROL 

-
Map of Wells That Had Geophysical Well Logs 

Available at the Okl~homa Well Log Library. 
(Log Control) 



TOTAL PRODUCTION ISOPACH 

OIL EQUIVALENT PER SECTION 
CI 100 KBO EQ (1BCF = 176KBO) 

- 0 - ·-
_,. 

Figure 15. Isopach of Total Oil and Gas Production Per 
,Section (all zones). 
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Production Maps 

The following contour maps were made in Jupiter(tm): 

1) Total Production I~op'ach in KBOEQ-thousands of 

barrels of oil equivalent-(Figure 15}. This map is 

representative of economically recoverable reserves per 

Section fro,m all zones. It was compiled using all 

recorded oil and gas production from all wells. KBOEQ 

were totaled for each Section and plotted as one data 

point in the center of the Section. 

2) Single Zone Meramec-:-Osage Cumulative,Production 

Isopach in KBQEQ (Figure 16): This map is representative 

of economically recoverable reserves per well from the 

Meramec-Osage. It included only single zone Meramec-Osage 

wells completed before January 1, 1977, but totaled 

production from these wells to January 1, 1987. This 

procedure filtered and enhanced the Meramec-Osage data by 

eliminating production from bther zones and by eliminating 

"in-fill'" wells drilled after 1976 that distorted well 

production figures by tapping:a partially depleted· 
' < 

reservoir (see discussion of Southwest Enid Petroleum 

Production History).· 
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Figure 16. Isopach of Cumulative Oil and Gas Production 
from Single-Zone Meramec-Osage Wells Comp
leted before 1977. 



STRUCTURE TOP MERAMEC-DSASE 
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Figure 17. Structure Top Meramec. 
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General Geologic Maps 

The following contour maps were made in Jupiter(tm1: 

3) Structure Top Meramec Limestone (Figure, 17). 

Verified formation tops from log data only were used. 

4) Structure Top Woodford Shale/Base Osage (Figure 

18). Verified formation tops from log data only were 

used. 

5) Meramec-Osage Isopach (Figure 19). This map was 

made from well log data and by subtracting the Woodford 

Structure Map from the Meramec-Osage Structure Map at each 
' ' 

grid point. This type of map' is commoRlY called a 

convergence map (Krumbein and Sloss, 1953). 

6) Meramec-Osage Porosity Isopach (Figure 20). This 

map was made by contouring the total feet of Meramec-Osage 

log porosity greater than·6 percent. 

Analysis of Production Maps 

Total Production Isopach 

Inspection of the Total Product_ion Isopach (Figure 

15) shows that oil and gas production is not distributed 

uniformly over the study area,- but is· concentrated in 

localized tracts. If one were to visualize the tracts of 

higher production as "strings of beads"~- subtle linear 

trends can be discerned. Although this map includes 

production from all zones, mo~t of the production in this 



Figure 18. 

STRUCTURE TOP WOODFORD SHALE 

SOUTHWEST ENID AREA 
CONTOUR INTERVAL 50 FEET 

Struc~ure Top of Woodford Shale. 
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MERAMEC-OSA6E ISOPACH 
SOUTH!IEST ENID AREA 

CONTOUR INTERVAL 50 FEET 
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Figure 19. Meramec-Oeage Isopach. 
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Figure 20. Meramec-Osage Porosity Isopach. 
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area is from carbonate rocks (Meramec-Osage, Manning, or 

Hunton} which in the Mid-Continent are commonly thought to 

be fracture influenced. 

Meramec-Osage Production Isopach 

The single-zone Meramec-Osage cumulative production 

isopach was derived from wells completed before January 1, 

1977 (Figure 16} and displays well-defined areas of 

prolific oil and gas production. Production distribution 

is different from that shown on the Figure 15. The 

dominance of Meramec-Osage on total production is obvious 

when Figure 15 and Figure 16 are compared. On Figure 16 

the "string-of-beads" visualization yields several 

distinct and a few subtle linear ·trends, some of which are 

marked on Figure 21. The dominant linear trends are north

south, east-west, northwest-southeast, and southwest

northeast. These are by inference the dominant strike 

directions of fractures in the Meramec-Osage. Areas with 

the most prolific Meramec-Osage oil and gas production 

occur at the inte.rsections of the more distinct linear 

trends. This map will be used as an indicator of relative 

fracture density in the subsurface. 

Analysis of General Geologic Maps 

Neither the Meramec nor the Woodford structure maps 

(Figures 17 and 18) show features that would explain the 

distribution of oil and gas production. Several small 
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Figure 21. "String-of-Beads" Linea~ Trends from Meramec
Osage Single-Zone Cumulative Production .Map. 



anomalies such as closures are present on the maps, and 

one relatively large linear trough is present in the 

southwest portion of both maps. However, no apparent 

closures, depressions, or linear trends outline or align 

with the production. 

Linear trends may be indicative of faulting or 

fracturing in the subsurface. They can be interpreted 

from the structure maps if one were to align small 

flexures with a straight edge. In this context a flexure 

is a structural hinge or line defined by a sudden change 

in structural strike or dip. It may be represented by 

small noses, depressions, closures, or monoclines. These 

alignments may be highly interpretive without some 

additional data to give guidance in orientation and 

grouping. 
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Neither the Meramec-Osage isopach (convergence) map 

(Figure 19), nor the Meramec-Osage porosity isopach 

(Figure 20) show trends that coincide with Meramec-Osage 

(single zone) production distribution. The Meramec-Osage 

porosity isopach does, however, show linear trende that 

are similar in orientation to the production trends but 

these do not overlay each other. 

Assuming the Woodford Shale was flat at time of 

deposition and during Meramec-Osage time, the Maramec

Osage Isopach would represent the paleo-surface on top of 

the Meramec unconformity. The surface is karst-like in 

appearance. Karst tends to develop along fracture trends 
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(Jennings, 1985; Bogli, 1980). High porosity zones in a 

karstified limestone should develop along linear trends 

coincident with fracture trends. The Meramec-Osage 

porosity isopach (Figure 20) does show linear trends north

south, east-west, northwest-southeast, and northeast

southwest. Some areas of thick porosity are coincident 

with good Meramec-Osage production, but most are not. 

Many areas of good production are not associated with 

thick areas of Meramec-Osage porosity. This information 

in conjunction with the lack of evidence of karst in the 

Meramec-Osage cores indicates that the Meramec-Osage 

production in this area is not dependent on or a result of 

karstification. 

Overlaying porosity and structure maps and plotting 

available scout ticket and production test data show that 

production distribution is not explained by typical updip 

porosity pinchouts. In short, Meramec-Osage production 

distribution in the study area cannot be explained by 

"conv.entional" petroleum geologic mapping techniques. 



CHAPTER VII 

SURFACE ANALYSIS-REMOTE SENSING 

Meramec-Osage oil and gas production in the study 

area cannot be explained or predicted by the usual 

subsurface structure and isopach maps. The Meramec-Osage 

in the Sooner Trend is a fracture-controlled reservoir 

(Harris, 1975; Nelson, 1985). One of the assumptions in 

this study is that in a fractured controlled reservoir, 

oil and gas production will vary in relation to fracture 

density. It follows that for a map or mapping technique 

to be a predictor of relative fracture density in the 

study area, mapped phenomena (or some aspect of the map) 

should yield a good correlation with oil and gas 

production from the Meramec-Osage. 

The question is what remote sensing mapping 

technique(s), if any, will provide a reliable (statis

tically significant and reproducible) map of some 

phenomenon that correlates with (and therefore may be a 

predictor of) relative fracture density in the 

subsurface. To answer this question, different types of 

remote sensing maps that included the study area were 

obtained or made. Not all of these maps were made for 
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fracture analysis, but they were examined nevertheless to 

determine if the mapped phenomenon related to fractures at 

the Meramec-Osage level. Specific areas of interest were 

the effects of map scale. and the types of phenomena 

mapped, such as indiscriminate composite lineaments, 

geomorphic anomalies, or lineaments with special criteria. 

Remote Sensing Data. 

Six remote sensing maps of the study area were 

obtained or made for comparison with subsurface data. 

Four of the maps are "regional" in the sense that they 

cover a much larger area than the Southwest Enid Study 

Area. Three of the "regional" maps were made for purposes 

other than fracture analysis. Two of the maps were made 

exclusively of the study area. One was made as a general 

lineament map, and one was made specifically for fracture 

analysis. The six maps are listed below with their 

pertinent characteristics. 

1. Lineament Map of Northcentral Oklahoma, (Figures 

22 and 23) by Shoup (1980). This map is in Shoup's 

Masters Thesis (University of Oklahoma) titled: 

Correlation of Landsat Lineaments with Geologic 

Structures, Northcentral Oklahoma. The map is 

regional in extent and was not intended for use in 

fracture analysis other than faults. Printed scale 

is approximately 1:500,000 (1 inch = 8 miles/10.5 

kilometers). 



2. Lineament Map of the Nemaha Uplift Reaion, 

(Figures 24 and 25) by Burchett, et al. (1985). This 

map was published in Oklahoma Geological Survey 

Special Publication 85-2, Seismicity and Tectonic 

Relationships of the Nemaha Uplift and Midcontinent 

Geophysical Anomaly. The map is regional in extent 

and was not intended for use in fracture analysis. 

Printed map scale is approximately 1:2,660,000 

(1 inch= 68 kilometers/42 miles). 

3. Regional lineament map, (Figures 26 and 27) by 

the author. This map was constructed from a band-7 

Landsat image dated 15 December, 1982. Approximate 

scale of working image was 1:500,000 (1 inch = 8 

miles/13 kilometers). This map was made for use in 

this fracture study. 
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4. Photogeologic-Geomorphic Evaluation Map of the 

Anadarko Basin and Northern Shelf Area of Oklahoma 

and Texas, (Figures 28, 29, and 30) by TGA (1988). A 

map of the study area only was provided courtesy of 

TGA, a commercial geologic mapping company. Maps 

were provided at a scale of 1:96,000 (1 inch = 8,000 

ft/2,438 meters). TGA·s study area was regional, 

covering. the Anadarko Basin and Northern shelf 

areas. The map was intended for subsurface 

correlation, but not specifically in fracture 

analysis. 
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5. Lineament map of the study area interpreted from 

computer enhanced Multi-Spectral-Scanner Landsat Data, 

(Figure 31) constructed for the author by Gregory (1988). 

Working scale on screen was approximately 1:60,000 (1 inch 

= 5000 ft/1500 meters). Data were analyzed at Oklahoma 

State University's Center for Applications in Remote 

Sensing. Image date was August 9, 1985. Although made 

for this study, this is a general lineament map without 

filtering or manipulation for fracture analysis. 

6. Drainage-lineament Intersection maps (Figure 32) 

constructed by the author. These maps were derived from 

detailed drainage maps, which were made from 15 minute 

quadrangle topographic maps. Topographic map scale was 

1:62,500 (1 inch= 1 mile/1.6 kilometers). Working 

drainage map scale was 1:120,000 (1 inch= 10,000 

feet/3,048 meters). The maps were made specifically for 

fracture analysis. 
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Figure 22. Area Covered by Lineament Map of Northwest 
Oklahoma by Shoup (1980) 
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Figure 23. Shoup's ~(1980) Lineaments in Southwest 
Enid Area.' 
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INDEX MAP 

THE NEMAHA UPLIFT REGION 

Figure 24. Area Covered by Burchett et al. (1985), 
(hatched). Southwest Enid Area 
(Shaded). 
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Seal~ approximat~ly 

Bur-cht-tt's (1985) int-omt-nt mop/ 

South""t-St Enid Ar-t-a enlar-ged. 

LEGEND 

Lineament 

Ear-thquake Epicenter • 

Figure 25. Lineaments by Burchett et al. (1985) in 
Southwest Enid Area. 
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Figure 26. Regional Lineament Map by Author. 
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Landsat I ineament map <B~uce, 1989) enla~ged. 

Figure 27. Southwest' Enid Portion of Regional Map. 
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Figure 30. TGA Photogeomorphic Map of Southwest 
Enid Area. 
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Figure 31. Lineament Map by Gregory 
(made for this study). 
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North-South I East-ll~st 
North-South I NE-SW 

East-West I NW-SE East-West I NE-SW 

North-South, I HW-SE NW-SE I HE-SW 

Figure 32. Drainage Lineament Intersection Maps. 
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Analysis of Remote Sensing Data 

General Geologic Comparison 

A comparison of each map was made with Meramec-Osage 

general geologic.maps to determine if any relationship 

exists between remote sensing phenomena and any obvious 

structural or isopachous variations of the target zone. 

These data were used in a purely qualitative sense to get 

an impression of whether or not an·association·exists. No 

statistical analyses were made f~om these comparisons. 

Comparison wtth Production Data 

A comparison was made with the production maps 

specifically to see if a s.tatistical analysis could be 

made. Where sufficieht.data were available, a statistical 

parameter such as analysis of variance, linear correlation 

coefficient or t-test was calculated. If the alpha limit 

for type I error was .01 or less, the correlation was 

deemed significant. 

Analvsis of Shoup's Lineament Map (1980) 

Shoup's (1980) lineament map (Figure 22) was derived 

from several Landsat MSS images of the same area (in 

central Oklahoma) . and it cove.rs over· 44, 000 square 

kilometers (17,000 square miles). For lineament criteria 

he chose composite lineaments and followed Colwell's 

(1973) "multi-concept" (of multi-band, multi-date, and 
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multi-station) by analyzing two MSS bands (5 and 7) from 

two different seasons (winter and summer) and by analyzing 

different scale images such as air-photos in conjunction 

with satellite data. He down-graded lineaments that were 

not present on multiple images and up-graded lineaments 

that were discernible on more than one type of image 

calling these features "high confidence" lineaments. 

Shoup found that many lineaments recognizable on satellite 

images could not be recognized on air-photos. 

He compared four of his "high confidence" lineaments 
I 

to subsurface maps made for his study and found that three 

of the four were correlative with apparent subsurface 

geologic features such as·flexures and fault zones. He 

did not make a direct comparison of the all of his 

lineaments to his ·subsurface maps apparentl~ because most 

of the rest of his lineaments were not "high confidence" 

by the criteria he set forth. 

Nine of Shoup's (1980) lineaments intersect the 

Southwest Enid study area. The large difference in map 

scales makes direct comparis·~>n difficult, but enlargement 

of a portion of Shoup's (1980) map (Figure 23) 'allowed a 

general comparison. The enlargement was made using a 

digitizer and computer-aided drafting software. 

Most of Shoup's (1980) lineaments were located in the 

southwest corner of the study area and tended to loosely 

correspond with flexures. Conversely, most obvious 

structural and isopachous trends on the subsurface maps 
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were not represented by lineaments, probably because of 

the dearth of lineaments intersecting the study area. 

None of Shoup's lineaments correspond with prolific 

single zone Meramec-Osage oil and gas producing areas. 

The intersection of lineaments marke4 "A" and "B" and the 

area marked "H" (which is bounded by lineaments and their 

intersections, Figure 23), directly overlie prolific 

Hunton/Meramec-Osage oil and gas fields (Figure 15). As 

stated in Chapter V, it is not unusual for some Meramec-

Osage production to be associated with excellent Hunton 

production because of concomitant localized structures or 

flexures, but the reverse is not true. In the study area, 

Shoup's (1980) lineaments tended to correlate with those 

flexures associated with the Hunton production, but not 

with single zone Meramec-Osage oil and gas production that 

is indicative of regional fracture porosity. 

Analysis of Burchett et al. C1985l Map 

The purpose for this map was to help in the study of 

earthquakes along the, tectonically active Ne,maha Ridge. 

The lineament map, the area of which is'shown in Figure 

24, includes parts of Iowa, South Dakota, Nebraska, 

Kansas, and Oklahoma. It covers thousands of square miles 

and, therefore, shows very little,local detail. It was 
' ' 

made from the interpretation of Landsat MSS (Multi-

Spectral-Scanner) band-5 and band-7 near-infrared images. 

Lineament criteria were not listed in the text or on the 



map. Only eight lineaments from this study intersect the 

Southwest Enid study area. All but two of these trend 

northwest-southeast, which is the orientation of the 

Cimarron River and other streams in the area that are 

visible on satellite 'imagery. 

Correlation of these lineaments with'Southwest Enid 
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data is very tenuous because 'of the la,rge difference in 

map scales. However,· a general, comparison can be made by 

enlarging a portion of Burc~ett et· al.'s (1985) map 

(Figure 25). This "enlargement" was made by outlining the 

Southwest Enid study area on ~urchett ~t al.'s (1985) map 

and digitizing the area outline and the lineaments ~sing a 

Calcomp 9100(tm) digitizer and a DesignCad(tm) computer 

aided drafting program. The output could be made to 

whatever scale was convenient for overlay or comparison 

with other maps.- Because of the small scale of the 

original map, lines representing lineaments were close to 

one kilometer wide at map scale (i.e., if the published 

map were photographically enlarged, thin lines on the 

original -map bec.ame lines with measurable widths on the 

reproduction). This was a function of drafting technique, 

not geologic interpretation. -Any bold inked line at this 

scale became a two dimensional ·figure when enlarged. To 

allow for variations in line location caused by scale 

changes, digitized lineaments were made as elongated 

rectangles or polygons of approximately the same scale 

width as the original. 
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Comparing these lineaments with the general geologic 

maps of the subsurface showed that two of the lineaments 

(marked "A" and "B" on Figure 25) align along a series of 

small- structural flexures' displayed on the Meramec and 

Woodford structure maps (Figures 17 and 18). The flexures 

that lineaments "A and "B" overlie tend to, be "lows". An 

earthquake epicenter adjacent to lineament "A" lies nearly 

on top of a positive flexure ("high" or small closure) 

shown on both the Meramec and Woodford structure maps. 

The lineament marked "C" on Figure 25 can loosely be 

correlated with a series of "low" flexures. It also very 

nearly defines the boundary between Region II (Turkey 

Creek drainage basin) and Region III (Hoyle Creek drainage 

basin, Figure 8) of the study area. In a broad sense it 

separates the ~ore prolific (Meramec-Osage) oil and gas 

producing northeastern 60 percent of the study area from 

the less prolific southwestern 40 percent (Figure 16). In 

general, few lineaments intersected the study area. Most 

structural and isopachous phenomena appearing on_the 

Meramec-Osage and Woodford maps were riot represented by a 

corresponding lineament. 

Two earthquake epicenters from Burchett et al. ·s 

(1985) map are in the Southwest Enid area, indicating that 

at least some tectonic activity is still occurring in and 

near the Sooner Trend. The epicenter near lineament "A" 

(and lineament "D" associated with the epicenter) lie more, 



105 

or less atop an area of prolific Meramec-Osage oil and gas 

production. 

Of,importance to this study is whether or not mapped 

lineaments correlate to Meramec-Osage oil and gas 

production, thus representing fracture porosity and 

permeability. Except for lineament "D" (Figure 25), no 

other lineaments from Burche~t et al."s (1985) analysis 

correspond directly with Meramec-O~age oil and gas 

production. Although lineaments "A", "B", and "C" 

correspond negatively (tend to lie in areas of low 

production between areas of higher production), data are 

too sparse to make a statistical analysis. 

Analysis of TGA"s (1988) Photogeologic-Geomorphic Map 

Using special purpose air photos with a high ratio of 

vertical exaggeration, TGA (1988) mapped the entire 

Anadarko Basin and "Northern Shelf" area of Oklahoma and 

the Texas Panhandle on a scale of 1 inch equal 8,000 feet 

(Figure 28). This mapping was based on techniques 

developed by W. V. Trollinger (1971). TGA"s study,area 

covered from 35 degrees north latitude to 37 degrees north, 

latitude and from 96 degrees west longitude to 102 degrees 

west longitude, which is approximately 120,000 square 

kilometers ( 46,300 square· miles). .The maps were ge·omor

phic in nature and emphasized drainage, tone, vegetation, 

outcrop patterns, and topography rather than lineaments 

alone. Much of the data on the map were used to establish 
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basic geologic and geomorphic relationships. "Interrup

tions" to the regional "norm", such as changes in dip or 

drainage anomalies, were interpreted as diagnostic clues 

to anomalous subsurface geologic conditions. The goal was 

to use geomorphic features to help define and predict 

"deep seated" geologic structure. TG~'s (1988) mapping 

criteria is exemplified in the legend of geologic symbols 

(Figure 29). The maps were not necessa~ily deaigned nor 

intended for fracture analysis, but the volume of data 

presented made the study a candidate for analysis. 

The TGA map of the Southwest Enid study area is shown 

in Figure 30. Features or ~~omalies TGA deemed important 

(interruptions to trend) are clearly marked via shading. 

The map is literally full of additional symbols denoting 

dip, surface geology, drainage, etc. which represent the 

basis for establishing regio~al trends and anomalies. 

Overlaying TGA's (1988) map with Meramec and Woodford 

structure maps and Meramec~Osage total and porosity 

isopachs yielded numerous places where flexures or 

isopachous thlcks and thins co,incided with TGA ( 1988) 

anomalies or linear trends. The correlation was not 1:1, 

but a large number of features~were correlative. As with 

Burchett et al. · s ( 1985) an.d Shoup· s ( 1980) maps, not all 

structural or isopachous features on the subsurface maps 

had a corresponding TGA anomaly; Geologic analyses of why 

one feature coincided and another did not is beyond the 

scope of this study, and is best left to the individual 



researcher. Of greater importance tq this study is the 

correlation of anomalies to indicators of fracture 

porosity in the subsurface. 

TGA's (1988) map was -overlain on to the single zone 

Meramec-Osage product~on map and the total production 
' 'e 

isopach (Figures 16 and !5 respectively). Little or no 

correlation was observed with either map. Statistical 
' ' 
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analysis was n?t ~ecessary to .. show no re~at~onship between 

the TGA (1988) anomalies· and apparent fracture porosity 

and permeability. 

An attempt was made to use the backgro~nd data on the 

map to determine areas of relatively high and low fracture 

density. The attempt was difficult because of the volume 

of background data. on the.map; it appeared "busy" and 

unfocused. TGA may have some of the data divided into a 

series of separate theme maps for exclusive use by their 

clients, but that is.unknown to the author at·this time. 

The most prominent background feature was·drainage. 

Drainage displayed' on this map, apparently derived from 

air-photos, is entirely local and does not·reflect 

drainage networks or detai,led drainage patte:t::ns from 

topographic map analysis such as would be made for a 
Strahler (1954) drainage map (see Figure 8). Although 

this allows· localized .interpretations, _such as radial 

drainage anomalies, it limits the usefulness of the 

drainage data. I was unable to make a fracture inter-
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pretation from it. No meaningful maps related to fracture 

porosity or permeability were derived from the background 

data. 

Analysis of Resional Lineament Map; the author 

This map was constructed from a Landsat Band-7 (near 

infra-red) image dated 15 December, 1982. The analysis 

was made from a photographic paper print of the image at a 

scale of approximately 1:500,000. Lineament criteria 

included composite, continuous, or discontinuous 

lineaments of any length. The goal was to pick 

lineaments of any type that were obvious to the author, 

with emphasis on the western portion of the image, which 

contained the study area. Because of the scale of the 

image, only relatively large features were mapped. Figure 

26 is the lineament map of the entire satellite image, 

which includes an area approximately 185 kilometers (115 

miles) to a side. Figure 27 is the Southwest Enid portion 

of this map enlarged. 

Overlaying this map with Meramec-Osage general 

geologic maps yielded tenuous correlation with structural 

and isopachous trends. The least interpretive corres

pondence was between lineament "A" (Figure 27) and a 

northwest southeast porosity trend centered in the 

northwest of T21N-R9W (Figure 20). Porosity in the 

Meramec-Osage (Figure 20) was also more abundant in the 

area marked "B" on Figure 27 where three lineaments 



intersect Overall, however, l1ttle direct correlation 

exists between the general geologic maps and this set of 

lineaments 

Overlaying this map on the product1on maps yielded 

even less correspondence than with the maps above The 

area marked "C" on Figure 27 outlined a single zone 

Meramec-Osage producing area, which is sl1ghtly offset 

from a Hunton/Meramec-Osage F1eld, but none of the other 

l1neaments or their intersect1ons displayed any apparent 

correlation w1th oil and gas product1on No stat1st1cal 

parameters were calculated from th1s data 

AnalYsis of Lineament Map Interpreted from Computer 
Enhanced Multi-Spectral-Scanner Landsat Data (GregorY. 
1988) 

This map was made for this study in Oklahoma State 

Un1versity's Center for Applications 1n Remote Sens1ng 

Gregory (1988) l1m1ted his stady to the Southwest En1d 

area, and used techn1ques described by Walsh (1986) to 

enhance multi-spectral digital satell1te data Enhance-

ment techn1ques included principal component analysis, 
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edge enhancement, and false-color imag1ng Data were from 

an August 9, 1986 satellite pass-over Lineaments were 

mapped on a high-resolution color computer mon1tor with 

the image at an approximate working scale of 1 60,000 on 

screen The final map (Figure 31) was of lineaments 

compiled from all three enhancement techniques To 

min1mize the edge effect (Davis, 1986), l1neaments were 



not drawn in the outer most ring of Sections in the study 

area, thus reducing the actual map area from 18 miles 

square to 16 miles square Lineament criteria called for 

compos~te (any type or comb~nat~on) continuous 
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lineaments This was meant to be a general lineament map, 

without special considerat~on given to fractures 

Lineaments on th~s map were abundant, and appeared 

uniformly distributed Comparison with the structure maps 

showed numerous correlation between lineaments and 

flexures Most of the lineaments were assoc~ated with 

some form of flexure, but not all flexures were associated 

with lineaments L~ttle correlation occurred with either 

of the ~sopach maps (F~gure 19 and F~gure 20) 

Comparing these lineaments with the production maps 

also failed to show any apparent relationsh~p Although 

the pr~nc~ple areas of oil and gas production (total and 

single zone Meramec-Osage) d~d have associated lineaments, 

a large number of l~neaments were not associated with 

production Lineaments from th~s map were as abundant 

away from prolific producing areas as they were in 

prolif~c produc~ng areas No statistical analysis was 

deemed necessary 
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Analysis of Dra~nage Lineament Maps 

Map Development 

Basic Drainage Map Th~s analysis is based on 

derivatives of a detailed drainage map (Figure 8} which ~s 

a bas~c map suggested by Strahler (1954) for geomorph~c 

analysis A fifteen-minute quadrangle at a scale of 

1 62,500 was used as the topographic base The map was 

made by trac~ng streams and dra~nage l~nes as far upstream 

or uph~ll as the slightest detectable topograph~c 

crenulation indicated a "V" in a contour line This 

techn~que usually proJected streams and tr~butaries nearly 

to the top of hills and ridges thus show~ng gullies and 

sometimes rills in detail It also showed drainage l~nes 

~n nearly flat areas that were visible but subtle upon 

ground inspection (Figure 9) The working scale of the 

drainage map, 1 120,000, was obtained by photographically 

reducing the original 1 62,500 map 

USGS fifteen-minute quadrangle maps were chosen for 

several reasons The scale was convenient Topographic 

detail was suffic~ent to provide a detailed drainage map 

Finally, topography was mapped from aerial photographs 

taken in 1954, and field checked in 1956 The maps pre

dated oil field activity, eliminating the possibility that 

service roads, pipel~nes, or other activity associated 

with oil and gas production would influence the drainage 

map 
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Because a) numerous stream segments showed angular 

bends and sequential straight line segments and b) some of 

the streams displayed a "stair-step" pattern in aerial 

view as they progressed downgradient, a stream lineament 

map seemed appropriate Marking each short segment, 

however, would only outl~ne part of a given stream 

Marking any and all apparent alignments regardless of 

d~stance between features was not discriminating enough 

Criter~a were needed to def~ne stream lineaments 

Drainage Lineament Cr~ter~a Although the opt~ons 

were numerous, the following criteria yielded a workable 

set of lineament maps 

1 A l~neament was mappable if at least three 

"linear drainage features" occurred in a straight 

l~ne with~n a 10 kilometer (6 2 mile) d~stance 

"Linear drainage features" are defined as straight 

line stream segments with the same approximate 

az~muth as the potent~al lineament being considered, 

or angular bends in drainage alignment that occur 

along the line of the potential l~neament. 

2 Lineament length was defined by "anchoring" each 

end of a lineament on a "linear drainage feature" 

Lineament lengths may be less than 10 kilometers, or 

may be greater than 10 kilometers as long as at least 

three "linear drainage features" occur within any 10 

kilometer segment of the l~neament 



'Mapping Procedure. The drainag~ map was inspected 

for dominant linear trends by aligning a straight edge 

with straight stream segments that appeared to be in line 

or en echelon. This was a procedure suggested by 
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Pettyjohn· (1988), and resulted 'in Figure 33. Figure 33 is 

designated the "long form" lineament" map because align-
, ' 

0 

ments were drawn regardless of ~he distance between the 

linear drainage features. Th~ dominant azimuths were 1) 

north-south, 2) east-west, 3) northwest-southeast, and 4) 

northeast-southwest. Dominant dr~inage features, and 

selected lineaments were f~eld'checked to eliminate human 

induced drainage' or linear tre'nds. 

A lineament ·~ap was then made for .each dominant'trend 

(Figures 34) using the 10 ki.lometer lineament criteria 

listed above. To clarify the picture, and make inter

pretations and calcula~ion~ easier, the intersection of 

each set of lineaments was mapped (Figure 32). The number 

of intersections per Section were entered in to a 

Lotus(tm) spreadsheet, and the data were entered into the 

Jupiter(tm) mapping system. An isopach of total lineament 

intersections per Section (Figure 35)·was generated in 

Jupiter(tm). Ove,rlaying this -map .~ith the To~al 

'Production Isopach (Figure 15),· and the Single Zone 

Meramec-Osage CumulativE;) 'Production' I_sop,ach (Figure 16), 

showed an apparent relationship with each m~p, but not a 

perfect one. To test the significance of this 



relationship, ANOVA (analysis of variance), linear 

correlation coefficients, and t-tests for significance 

were calculated. 
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CONTOIIl IMTERV AL 
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Figure 35~ Isopach of Drainage Lineament Intersections. 
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Statistical Analysis. 

For more meaningful comparison of data sets, the 

study are~ was divided (Figure 36) using the following 

criteria: 

1. Perimet~r Sections were. deleted £rom the analyzed area 

to minimize "edge effect" (:Oa,vis, 1986) . This reduced the 

area to 16 Sections north-south by 16 Sections east-west 

instead of 18 by 18. 

2. The resulting area was divided into two-Section square 

(four square mile) quadrats. 

3. Quadrats were grouped into an "urban dominated" region 

located in the northeast .along the Enid-Vance-Waukomis 

corridor (9.4% of the area analyzed), a Quaternary sand 

dune region located in the southwest near the Cimarron 

River (15.6% of the area analyzed), and a central region 

consisting of the:rest of the Southwest Enid area (75% of 

the area analyzed). 

Linear Correlation CoeffiCient 

Total lineament-intersections per quadrat were 

compared with sin~le~zone Meramec-Osage production per 
' . ' . 

quadrat and cumulative. total production per quadrat. A 

linear correlation coefficient was calculated for each 

comparison. Statistical equations are listed in Appendix 

C. A data table for the quadrats is given in Appendix D. 



Calculations of linear correlatibn coefficients and sums 

of squares were made in STAT, a PC-computer program 

(Davis, 1986) and corroborat~d in POtY (Rohlf, 1981) and 

LOTUS(tm). Figure 37 consists of scatter diagrams of the 

compa~isons. 

TABLE II 

LINEAR CORRELATION COEFFICIENTS 

Independent variab;Le Dependent·variable "r" 

Central Area 
Lineament-IntersectiQria Single-zone Miss .807168 

·Lineament-.Intersections 'Total Production . 667945 . . 

Urban Area 
Lineament-Intersections Single-zone Miss .836268 

Lineament-Intersections Total Production .813439 

Sand Dune Area 
Lineament-Intersections Single-zone Miss 0 

Lineament-Intersections Total Production 0 
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A NOVA 

Comparisons that yielded a linear correlation 

coefficient of .6 or greater were tested for validity of 

correlation by analysis of variance CANOVA) and by "t" 

test of correlation _(Davis, 1986). ANOVA tested the 

affect of scatter or variance'in the Qata. The ANOVA test 

follows: 

Ho (Null Hypothesis): T~e line,projected through the data 

via linear regression analysis is the result of scatter-

(variance} in the data, and therefore the correlation . , 

coefficient is. not· significant. 

Ha (Al ternat·e Hypothesis)·: The line projected through the 
" ' 

data via linear regressiop analysis is not the result of 
r • 

scatter (var.iance) ·.in· the. data, and therefore the 

correlation coefficien~ ~s si~nificant. 
' ' 

The test statistic.is the "F" parameter calculated in 

the A,NOVA tables (F = Mean ·Squares Regression I Mean 

Squares Deviation·). The following ANOVA tables were 

analyzed: 



Central Area: 

Lineament-intersections yersus Single-zone Meramec
Osage Production. 

N (number of pairs) = 48 "r" = .807168 

Critical Region: If alpha limit of error is .01, with 1 

and 46 degrees of freedom, then F must be greater than 
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7.31 to reject the null hypothesis (critical F values from 

table in Steel and Torie, 1980). 

TABLE III 

ANOVA FOR CENTRAL AREA SINGLE-ZONE MERAMEC-OSAGE 

Source I Sum of Degrees of Mean F , I 

Squares Freedom Squares 

Regression 55,656,320 1 55,656,320 MSR/MSD 
Deviation 29,769, lO,O 46 647, 154 86.00 
Total 85,425,420 47 

F (86) > 7.31, the null hypothesis is rejected, the 

correlation is significant. 
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Lineament-intersections yersus Total Production. 

N (number of pairs) = 48 "r" = .667945 

Critical Region: If alpha limit of error is .01, with 1 

and 46 degrees of freeqom, then F must be greater than 

7.31 to reject the null hypothesis (critical F values from 

table in .'Steel and Torie ,. 1980) . 

. TABLE IV 

ANOVA.FOR CENTRAL A~EA TOTAL PRODUCTION 
" ' 

Source Sum of I Degrees of Mean , I 

Squares I Freedom Squares I 

Regression 39,292,880 1 39,292,880 
Deviation 48,778,060 46· 1,060,393 
Total 88,070,940 '47 

F 

MSR/MSD 
37.05 

F (37.05) > 7.31, the null hypothesis is rejected, the 

correlation is significant. · 



Urban Area: 

Lineament-intersections versus Single-zone Meramec
Osage .Production·. 

N (number of pairs) = 6 "r" = .836268 

Critical Region: If alpha limit of error is .01, with 1 

and 4 degrees of freedom, then F must be greater than 

21.20 to reject the null hypothesis (critical F values 

from table' in Steel and Tqrie, 1980). 

TABLE V 

ANOVA FOR URBAN AREA SINGLE-ZONE MERAMEC-OSAGE 

Source Sum of Degrees of Mean F 
Squares Freedom Squares 
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Regression 2,976,006, 1 2,976,006 MSR/MSD 
Deviation 1,279,418 4 319,855 9.3 
Total 4,255,424 5 

F (9.3) < 21.20 t~e null hypothesis is not rejected, the 
•, 

correlation ·is not significant. 



' ' Lineament-intersections versus Total Production. 

N (number of pairs) = 6 "r" = .813439 

Critical Region: If alpha limit'of error is .01, with 1 

and 4 degrees of freedom, then F must be greater than 

21.20 to r~ject the ~ull hypothesis (critical F values 

from table in Steel> and Torie, .198q). 

Source 

TABLE VI 

ANOVA.FOR URBAN AREA .TOTAL PRODUCTION 

Sum of 
Squares 

" . 

I Deg~ees of 
. : Fre~dom 

Mean 
Squares 

F 
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·Regression 
Deviation 
Total 

2,044,805 
1,045,502 

,3,090,301 

1. 

4 
5 

2,044,805 
·261, 376 

MSR/MSD 
7.8 

F ( 7 I 8) < 21.20 the null hypothesis is not rejected' the 

correlation is not significant. 
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"t" test of .correlation 

The "t" test of correlation tested the validity of 

the sample versus random values. It is dependent upon the 

number of sample pairs versus the correlation coeffi

ient. The following:hy~othe~es were tested: 

Ho (Null:Hypothesis): The two variables are independent 
.. 

and any non.:..zerq value of "r" has ar.isen because of the 

vagaries of random sampl~ng. 

Ha (Alternate Hypothesis): The two variables are 

dependent and a non-z~ro value'of "r" indicates a valid 

correlation. 

Test Statistic is "t" .where: 

1/2 
"r" (N - 2) 

t = -------------------------- (7) 
2 

[ 1 -
l/2' 

] 



Central Area. 

Lineament-intersections yersus Single-zone Maramec
Osage Production. 
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N (number of pairs) = 48 "r" = .807168 df = N - 2 (46) 

Critical Region: If alpha limit of error is .01 (alpha/2 

or .005 for this two tailed test), with 46 degrees of 

freedom, ,then absolute value of "t" 'must be greater than 

2.75 to r~ject :the null hypothesis (critical "t" values 

from table in Steel and Totie, 19~0). 

"t,tl = 9.27 

l9.27l > 2.75, therefore the null hypothesis is 

rejected and the,correlation is significant. 

Lineament-intersections yersus Total Production. 

N (number of pairs) = 48 , "r!' = . 667945 df = N - 2 (46) 

Critical Region: If alpha limit of error is .01 (alpha/2 

or .005 for this two tailed test), with 46 degrees of 

freedom, then absolute value of "t" must be greater than 

2.75 to reject the null hypothesis (critical "t" values 

from table in Steel and Torie, 1980). 

l6.09l > 2.75, therefore the null hypothesis is 

rejected and the correlation is significant. 



Urban Area. 

Lineament-intersections yersus Single-zone Maramec
Osage Production. 
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N (number of pairs) = ~ · "r" = .836268 df = N - 2 (4) 

Critical Region: If a'lpha limit of error is .01 (alpha/2 

or .005 for.this. two tailed .test), with.4·degrees of 

freedom, then absolute value'of "t" must be greater than 

4.60 to reject the null hypothesis (critical "t" values 

from table in Steel_and Torie, 1980). 

"t" = 3.05 

13.051 < 4.60, therefore the null hypothesis is not 

rejected and the correlation is not significant. 

Lineament-intersections yersus Total Production. 

N (number of pairs) = 6 "r" = .813439 df = N-2 (4) 

Critical Region: If alpha limit of error is .01 (alpha/2 

or .005 for this two tailed test), with 4 degrees of 

freedom, then absolute value· of "t"' must be greater than 

4.60 to reject the null hypothesis (critical "t" values 

from table in Steel and Torie, 1980) . 

.. t .. = 2.80 

12.801 < 4.60, therefore the null hypothesis is not 

rejected and the correlation is not significant. 



Summary of Statistical Analysi~. 

Linear correlation coefficients exceeding the 

designated critical range of .6 (~able II) were obtained 

from the central and urban regions of the study area. 

Only the sand dune region failed to yield a correlation 

between oil_and gas production and the density of 

lineament-intersections. 

The central area. which,included most of the study 

area. had linear correla~ion coefficients that exceeded 

the designated.critical value of ',6. These data sets 

passed ANOVA .and "t-test" of .'correlation statistical 

analyses. Therefore. the cor~elations are statistically 

significant at the designatea alpha limit of error of 

. 01. This means that there is less .than one percent 

130 

probability that th~se co~relations are caused by variance 

or scatter in the data (ANOVA) or by random values (t

·test). Statistically sig'nificant correlations do not 

imply cause and effect. They do state a valid correlation 

exists regardless of the cause. 

The highest correlation coefficients'occ~rred in the 

urban region. These data sets. however. failed to pass 

.ANOVA and "t-test" of correlation analyses using an alpha 
I ').' 

limit of.error of .01. Therefore. data from the urban 

area can not' be judg,ed aa statistically· significant. 

In the urban case, small sample size is the primary 

reason for failure to pass t~e significance tests. The 
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lack of significance appears to be quite valid, despite 

the small sample size, because the,urban environment has 

created quadrats containing no lineament ·intersections 

(because of buildings and pavement) and little or no oil 

and gas production; and quadrats.containing a small number 

of lineament. intersections and some oil. and gas 

production. This combi:q,ation has created ·a correlation 
'' ' 

between .lineament inters.ections. and oil and gas production 
' ' 

that is apparently a function of building density and not 

necessarily:fracture'density. A larger sample population 

may or may not yield a different correlation, which may or 

may not be statistically v~lid. In any event, the 

Qorrelations from the urban area in this study are not 

valid. . 

Urban areas in future. s'tudies should be . considered 

problem interpretation areas, and a positive correlation 
' ' 

should not·be confused with cause and effect. The 

.influence of fractures on dr~dnage may affect urban 

building density, which in tu·rn may affect the location of 

oil and. gas tests, but these are t~pics for ·other studies. 



CHAPTER VI LI 

SUMMARY AND CONCLUSIONS 

Correlation Between Deep Subsurface Fractures and Drainage 

The ability to map and predict geologic fractures in 

the subsurface .is .important to the world economic 

community and to understanding'. the environment. It is of 

particular importance when i'nterests focus on hydrologic 

confining beds, fracture controlled aquifers, or fracture 

dominated eil and gas reservoirs. The validity of projec-

ting near surface fracture zones into the deep subsurface 

through unconformiti~s and. "unfractured seals" is not 

known.~ In an effort to correlate surface phenomena with 

subsurface fractures, six remote sensing maps were 

reviewed in relation ~o oil and ga~.prbduction ·data from 

part of the Sooner trend in Oklahoma. Five of the six 

maps did not show any general correlation. However, a map 

of lineament-intersections derived' from drainage linea-
-' 

ments did show a statistically significant correlation 

with Meramec-Osage single-zone'production. This relation-

ship ha~ a linear correlation coefficient in excess of .8 

with ANOVA and "t" test-of-correlation alpha-limit-of-

.error less than .01. 

132 
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A s'ignificant correlation with total production from -

all zones was also made. B~cause most production in the 

area is from the Mer~ec-.Osage, the correlation with total 

production appears to be~ result'of this dominance. The 

linear correlation coeff'icient between drainage lineament 

intersections arid- ·total p.roduction ( . 667) was less than 
' 1 I ~ 

) , ,' ~ 

that for slngle-zone Meramec-Os~ge (.807), indicating that 

adding production'from other, zones caused scatter·in tpe 

data, and did not help in~focusing.the correlation. This 

may indicate that permeab1lities ·'in: ·.other zones are not 

dominated by_ ·fractures to . ~he same degree as th~ Meramec

Osage. 

Based on e.vidEm~e provided, in this- paper, the fol

lowing statement~ can b~ made: 1) some surface drainage 
' ' 

is influenced by frac1~ures; 2·) oil and gas production from 

.the Meramec-Osage Limestone (which exists at depths up to 

2500' meters in the study ·area). is fracture controlled; 3) 
~ ' J ' 

areas of ~rolific production from the Meramec-Osage should 
~ ~ I ' 

be areas of high fracture permea~ility, and by extension, 

areas of relatively high fracture density; ' 4) therefore, 

a statistically significant correlation between a remote 

sensing pher1:omena· ( d~ainage lip.ea~ents) and this produc

tion is a correlation b~tween a surface phenomena and 

fracture den'si t'y at depths up tQ 2, 500· meters. 

This does not imply that a given fracture may be 

projected over 2,000 meters into the subsurface. No 

vertical fractures exceeding 150 mm (6+ inches) were 

' 'I 



observed in the Meramec-Osage cores. This implies that 

there are linear zones with high fracture density in the 

subsurface that correlate with linear zones of high 

fracture density at the surface, but there is no evidence 

to suggest that single fractures at depth project in a 

contiguous manner to the surface. 

Causes :for the Correlation 

134 

Statistically significant correlations do not imply 

cause and e.ffect. They do ~tate a valid correlation 

exists regardless of the cause. Possible causes for a 

correlation between subsurface and surface phenomena were 

hypothesized by Hodgson (1957), Melton (1959), Nelson 

(1975}, Maarouf (1981), ~ur (1982), Eliason (1984), and 

Berger (1986). All of th~se·involved some sort of a past 

or present stress field applied to the crust, or 

diferential compaction at a geologic unconformity. Other 

causes for surface/subsurface correlations may be the 

result of human activity. In urban areas, buildings are 

commonly located on flat, .dty:plaoes, away from active 

streams, leaving space in drainage valleys (where drainage 

lineaments are more likely to be interpreted) to drill oil 

and gas tests. (discussed in Chapter VI I) . Also, 

pipelines and oil field service roads may be mistakenly 

marked as natural lineaments. These features will 

commonly have a positive correlation with oil and gas 

production. 



Restrictions and Pitfalls 

This method has only been tested in one area. To be 

proven as a viable tool, it should b~ tested in other 

areas such as the' r~st of the So6ne~ trend in Oklahoma, 

the Spraberry trend of west Texas, or other fracture 

dominated oil and,_ga~ fields <:seve_rar of which are listed 

by Nels6n, 1985): ~he method ~hould ~lso be tested in 

areas where an accurate deter-mination of relative 

fracture density in the subsurface c~n be made without 
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using fr~cture dominated oil and 'as production. Fracture 

dominated fresh water aquifers such a~ carbonate aquifeis 

in the midwestern· U.S., or 'igneous aquifers in the Rocky 

Mountains, or the northeastern U.S. would be likely 

candidates .. 

Lateral chang~~ in surfibial geology an~ geomorph

ology may affect ~rai~ag·e response. These changes may 

affect the expression of' fractures at the surface. 

Although the central portion of this study area yielded a 

valid correlation despite ~ixed s~bstratum of Permian and 

Quaternar~ deposits, some surficial d•posits may yield 

pinnate drainage ~r othe~ patterns pharacteristic of the 

surface medium and not fractures. 'Sedimentary structures 

in bedrock, such a·s crossbedding, may. also affect . ,, 

surficial fracture or drainage trends by locally altering 

fract~re azimuths (Nelson, 1985). The geomorphic setting 

as well as the geologic setting should always be 

II I I I II I 



accounted. Additional study in other geographic areas is 

required to ascertain how much surficial variation is 

required to change the drainage-lineament response. 

Other factors that affec,t drainage should always be 
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considered. Human constructions such as roads, railroads, 

pipelines, drainage ditches, and cha,nnelized streams 

should always be considered. Presence of ~hese features, 

however, does not preclude a val~d drainage-lineament 

interpreta'tion if topography has not been altered to the 
' . 

extent that natural drainage'paths cannot be inferred. In 

essence, this study cor~elate4 lin,ar topographic trends 

in a "flat land- area" with oil and gas production from a 

fracture dominated reservoir. Where a valid correlation 

was found (in the central portion of the study area), 

there was very little urban development, and little change 

in topography caused by servi'ce roads, pipelines, or 

culture other than farming. Topographic data used in this 

study pre-dated oil field actiyity. Historic topographic 

data may be useful in- future drainage-lineament analyses. 

This.method was tested in an area of flat lying 

strata. Areas with pronounced, geologic structures may 

alter drainage. Hodgson (1961} observed that regional 

fractures did not.ch~nge 'strike when crossing local 

structures in the Comb Ridge-Navaj:o Mountain area, but the 

affect these fractures have on drainage segments in 

structured areas is unknown. 
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Lithologic changes in the target formation may affect 

fracture density. In general, more brittle rocks will 

have greater fracture densities than less brittle rocks. 

Use of this. correlation tool may require that the sub

surface target formation be relatively free of lateral 

lithologic variations. Fracture controlled permeability 

in the ~ubsurface is an integral of fracture density, open 

fracture width, fracture orientation, fracture length, 

lithology, and pressure on the rock formation. Based on 

examination of cores, th~ target formation (Meramec-Osage) 

in the study area had little lateral or vertical variation 

in lithology. Drill stem anq production test data showed 

there was little change in pressure gradient in the 

Meramec-Osage in the area. Changes in permeability in 

this zone, therefore, are related to changes in fracture 

density, width, orientation, and length. These parameters 

are probably interre~ated. 

Pressure will affect fracture density. Pressure 

effects will vary with lithology. A brittle shale near 

the surface (less than 200 meteis depth) may be suscep

tible to fracturing. The same shale at depth may be more 

plastic, and may be less.susceptible to fracturing. At 

sufficient depth .or pressure, most shales will probably be 

"seals" or confining zon.es, such as the Chester age shales 

(1,700 to 2,000 meters deep) in the study area. At 

shallower depths (less than 200 meters), in areas of 

relatively high fracture density, these shales may display 



substantial fracture permeability and may not be reliable 

confining beds. The dep~h at which a given shale may be 

affected or not affected by fracture density will depend 

on the lithology and degree of induration. 

Applications 

The abifity to predict relative fracture density and 

dominant fracture orientations in the- subsurface would be 
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useful in estimating· confinin~ bed integrity in hydrologic 

investi~ations, estimating migration p~ths of groundwater 

pollutants in fractured aquifers, locatini:high-flow well 

locationa for·ground wate~-r~sources, locating zones of 

probable ore concentration. in' Mississippi-Valley type 

metal deposits, locating fracture aominated oil and gas 

fields, more-efficient extraction of oil and gas from 

existing fields,· a~d iocaiini and ·extrac~ing coal-gas 

deposits. Other'potential applications may lie in 
. . 

locating regional fracture sw~rms which may be related to 

plate tectonic, global'i~ctonic (tidal), or past tectonic 

stresses. Areas-of high fracture density may also be 

related-to zone~ of earthquake tebtonic activity. 

" Advaii.tages 

This methqd has several advantages over subsurface 

methods of investigation. It is relatively inexpensive. 

The only tools required are topographic and geologic maps, 

tracing paper or film, and a straight edge. (Soil maps and 
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a light table are also helpful.) The area of 

investigation is not limited to the area around a bore 

hole, but may be quadrangle size or larger. The time of 

investigation ma~ be less than that required for a 
,_ 

detailed bore hole-or geophysical. survey. Finally, in the 

study area, it gave a more accurate prediction of fracture 
' ' 

density than. geophysical' porosity measurements (Figure 

20), or fracture indicators on logs '(see Appendix B). 

Possible Improvements 

The mapping method used to derive drainage-lineament 

intersection data, ·may be improved by integrating U.S. 

Geological Survey Digital Terrain Model (DTM) computer 

data with an algorithm that will draw a detailed drainage 

map based on topography.-.- If·accurate topographically-

derived drainage maps can be drawn with speed and accuracy 

by a computer, larger areas may b~ investigated in less 

time. The primary limi'tation ·on this data is the 

resolution, or scale of each digital "pixel". At this 

time, most of the U.S. is available at a geographic scale 

of 1:250,-000, and a "pixel" ·resolution measured in acres. 

Another improvement via c,omputers would be an 

algorithm that will define drainage lineaments from a 

drainage map. .These lineaments should be delineated 

according to specific criteria based on a minimum number 

linear drainage features per ~pecified length. Criteria 

may then be adjusted or "fine tuned" with a minimum of 
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effort to derive maximum utility from the data. Use of 

computer generated maps may also reduce interpretive bias 

by drawing all lineaments that meet the given criteria. 

Development of such a sy~tem would not be easy, and may 

involve_ a large amount of fine tuning, but the results may 

be quite. rewarding. The mathematics and programming 

sophistiqation for these, .tasks are avail~ble with current 

technology' ·but are beyond th'e scope of this discussion. 
' 1 " 1 

A negative ·aspect of computer mapping is that historical 

topographic data may not be available in the USGS DTM 

database. 

Additional Research 

The validity of this method should be tested in other 

geographic areas. The 9epth at which shales can be 

considered reliable c6nfinin~ beds regardless of fracture 

density needs to be inv~stigated. . ' . 

Additional research·6n ·fracture permeability and the 

extent of fractures at depth may be accomplished by 

studying ve.rtical and lateral variations in temperature 

and salinity. Temperature ahd ~ater salinity data is 

available through geophysical.well logs via direct 

measurements, or through "log" calculations. The 

Southwest Enid area provides an e~cellent data base for 

initiating a study of this type. 



Remote Sensing and Subsurface Structure 

The six remote sensing maps and mapping methods were 

also reviewed in relation to subsurface structural and 

isopachous phenomena. All six maps showed some relation

ship with subsurface structure or isopachous features. 

These relationships were not uniform, and no simple 

statistical correlation appeared feasible. 

141 



A SELECTED BIBLIOGRAPHY 

Abrahams, A. D., 1987. Channel,Network Topology: Regular 
or Random?. International Geomorphology 1986; 
Proceedings of the First International Conference on 

.Geomorphology; Part II, Edit.ed by Gardiner, V., John 
Wiley & Sons, Chichest~r, p. 145-158 

American Society of Photogrammetry, 1983. Manual of Remote 
Sensing .. 2nd edition, Falls Church Va. 

Andresen, M. J., 1962. Paleodrainage Patterns: Their 
Mapping from Subsurface Data, and Their Paleogeographic 
Value. AAPG Bul. 46:3, p. 398-405. 

Arbenz, J. K., 1956. Tectonic Map of Oklahoma. Oklahoma 
Geol. Surv .. Map GM-3. 

Azimi, E., 1978. Use of Remote Sensing for Fracture 
Discrimination and Assessment of Pollution 
Susceptibility of ·a Limestone Chert Aquifer in 
Northeastern Oklahoma. unpublished Masters Theses, 
Oklahoma State University. p. 78. 

Bannister, E., 1980. Joint and Drainage Orientation of 
S.W. Pennsylvania, Zeitschrift fuer Geomorphologie 
24:3, p. 273-286. 

Bates, R. L., 1969. Geology of Industrial Rocks and 
Minerals, Dover Publications, N.Y., p. 459. 

Bates, R. L., and .Jackson, J. A. (editors), 1980. Glossary 
6f Geology. 2nd Edition, American Geological Insti~ute, 
Falls Creek Va. p. 751. 

Belfield, W. C., 1989. Characterization of Naturally 
Fractured Carbonate Reservoir: Lisburne Field, Prudhoe 
Bay, Alaska. in Abstracts from AAPG National 
Convention, 1989, AAPQ Bul. 13:3, ~. 333. 

Berger, Zeev, 1988. "Detection and Analysis of Basement 
Structures in Low-relief Basins Using Integrated 
Analysis of Landsat Data". In Proceedings of the Sixth 
Thematic Conference on Remote Sensing For Exploration 
Geology, ERIM, Vol. I, p. 111. 

142 



I 10/23/90 

HOOLt 0664 OKLA-S 
SSUEa 51-07A 

DATA SHEET 

COPYRIGHT 

MICROFILM& 0 TOTAL 

MICROFICHE: 1 TOTAL 

0 C/R + 0 SCH 
0 L/C 
1 C/R + 0 SCH 
0 L/C 

PUBNO AUTHOR 

035168 BRUCE, LYLE GENE 

NATION a 

11 
9 

~NTSa 

DEGR PGS EXPO 

1990 0211 

NO. 324161-001 OF 002 

UNBOUND 

SEEt KJA 
SPECIAL INSTt 



143 

Berger, Zeev, 1986. New Technique for Structural Analysis 
of Low-Relief Basins. AAPG Bul. 70:5, p. 564, abstract 
from 1986 national convention. 

Billings' M. P., 1972. Structural Geology. Prentice
Hall, Inc., Englewood Cliffs, New Jersey, p. 606. 

Bingham, R. H. and Bergman, D. L., 1980. Water Resources 
of the Enid Quadrangle, Oklahoma~ Oklahoma Geol. Surv. 
Map HA-7. 

Blanchet, P. H., 1957. "Development of Fracture Analysis 
as Exploration Method". AAPG. Bul. 41:8, p. 1748-1759. 

Bogli, Alfred, 1980. Karst Hydrology and Physical 
Sp~leolo~y. Springer-Verlag, New York, p. 284. 

Bonham-Carter, G. F., 1985. Statistical Association of 
Gold Occurrences with Landsat-derived Lineaments, 
Timmins-Kirkland Lake Area, Ontario. Canadian Journal 
of Remot~· Sensing, 11:2, p._ 195-2.1.0. 

Bostrom, R. C., 1989. Subs~rface Exploration via 
Satellite: Structure Visible in Seasat Images of North 
Sea, Atlantic Continental Margin, and Australia. AAPG 
Bul., 73:9, p. 1053-1064. 

Brown, H. A., 1967. Stru~tural Control of the Canadian 
River in Western Oklahoma. Oklahoma Geology Notes 27:7, 
p. 135-149. 

Bruce, L. ~., 1989. Radial Drainage Anomaly over Aledo 
Gas Field ~n the Anadarko Basin: Example of a Poor 
Man's Remote Sensing Technique. Oklahoma Geology 

,Notes, 49:4, p. 125-130. 

Burchett, R. R: , et al~, 19~5~ Seismicity and Tectonic 
R~ia~ionship of the Nemah~ uplift and Midcontinent 
Geophysical Anomaly. Oklahoma Geol. Surv. Spec. Pub. 85-
2, p. 33, 2 plates. 

Casarta, L. J.; McNaughton, D. A.; Borneman, E.; and 
Betts, F. E., 1989. Fracture. Identification and Matrix 
Characterization Using a New We1lbore Imaging Device in 
the Lisburne Carbonate, Prudhoe Bay, Alaska. The Log 
Analyst, 30:2, March-April, 1989, p. 106. 

Case, J. E., and Joesting, H. R., 1972. Regional 
Geophysical Investigations in the Central Colorado 
.Plateau. U.S. Geol. Survey Prof. Paper No. 736. 



Caylor, J. W., 1957. Subsurface Geology of Western 
Garfield County, Oklahoma. Unpublished M. S.· thesis, 
University of Oklahoma,. p. 78. 

144 

Ciccacc~~ S.; Fredi, P.; Lupia Palmieri, E.; Salvini, F., 
1987. An Approach to the Quantitative Analysis of the 
Rela,tio[ls between Drainage Patt_ern and Fracture Trend. 
International Geomorphology 1986; Proceedings of the 
Fi~st Inte~national Cohfere~ce on Geomorphology; Part 
II, Edited by Gardiner, V., John Wil~~ & Sons, 
Chichester, p. _49-68.-· 

Clemons, R. R., 1994. The Remote Sensor Exploration of the 
Ardmore a~d Marietta Basins of Oklahoma. Unpublished 
Ph.D. dissertation, Texas Tech University. Abstract in 
"Dissertation Abstracts", pub. 'not available from UMI. 

'• 

Colwell, R. N., 1973. Remote Sensing as an Aid to the 
Manage[Tient of Earth Resources. American Scientist, 
61:2, p. 175-183~ 

Cooley, M. E., 1986. Division~ of Potential Fracture 
Permeability, Based on Distribution of Structures and 
Lineaments in Sedimentary Rocks of the Rocky Mountain
High Plains Region. USGS Water Res. Inv. No. WRI 85-
4091. p. 1. 

Cox, J. C. and Harrison, S. S~, 1979 •. Fraciure-Trace 
Influenced Stream Orientation in Glacial Drift, 
Northwestern Pennsylvania. Can. J. Earth Sci., 16:7, p. 
1511-1514. 

Darcy, H:, 1~56. L~s fontaines publiques de la ville de 
Dijon. V. Dalmont, Paris, p. 647. 

David, E.; and Perthuisot, V., 1985, Cycleaments· in the 
Province of Alicante ('Spain). Ph~to Interpretation: 
Ima~es A~riennes et Spatiales, 85-1, p. 27-48. 

Davis, J. C., 1986. Statistics and Data Analysis in 
Geology. John Wiley & Son~, New York, p. 646. 

de Villiers, A. B., 1987. A.Multivariate Evaluation of a 
Group of Drainage Basi.n Variables - A South African 
Ca~e Study. International Geomorphology, 1986; 
Proceedings of the First International Conference on 
~eomorphology; Part II, Edited by Gard~ner, V., John 
Wiley & Sons, Chichester, p. 21-32. 



145 

Desheng, J. and Schum S. A., 1987. A New Technique for 
Modelling River Morphology. International · 
Geomorphology 1986; Proceedings from the First 
Internat-ional Conference on Geomorphology, Part I, 
Edited by ·Gardiner, V., John Wiley & Sons, p. 681-690. 

' . . 

Dimant, E., et al., 1983. A P6sitive Correlation Between 
Joint Trends and Drainage Patterns (Underground Storag~ 
Project, Israel). Bul. of In-ternational Assoc. of Eng. 
Geol. 28, p~ 103-107. 

Dunham, R. J., 1962. Classification of 
According to Depositionai Texture. 

.Classifi9ation of Carbonate Rocks, 
p. 108-121. 

Carbonate Rocks 
AAPG Memoir 1, 

edited by Ham, W. E. 

Ebisemiju, F. S., 1987. Environmental Constraints on the 
Interpedendence of Drainage Basin Morphometric 
Propertles. International Geomorphology, 1986; 
Proceedings of the First International Conference on 
Geomorphology; Part II, Edited by Gardiner, V., John 
Wiley & Sons, Chichester, p. 3-20. · 

Eliason, J. R., 1984. ·A technique for Structural Geologic 
Analysis fo T6pography. unpublished Ph.D. dissertation, 
Washington State University. p. 196. 

Evans, J. L., 1988. Major Structural Features of the 
Anadarko Basin. Tulsa Ge.ological Society Special 
Publication 3, Petroleum Geology of the Midcontinent. 
Ed by Rascoe, B.:' and Hyne, N. J. p. 6-8. 

' . 

Fezer, F.·e., 1983. Eihige Bemerkingen uber Klufte, 
Verwitterung, Blockbildung und Talnetz. Zeitschrift 
fuer Geomorphologie 27:1, p. 105-110. 

F'olk, R. L., 1962. · Spectral Subdivisions.of Limestone 
·Types. AAPG Memoir ·1, Classification of Carbonate 
Rocks, Ed. by·H~m, W. E. p. 62-84. 

Friedman, M., 1969. Structurai'Analysis in Cores from 
Saticoy Field, Ventura County California. AAPG Bul., 
53:2, p. 367-389. 

Gale, J. E., 1982; Assessing the Permeability Character
istics of Fractured Rock. Geological Society of America 
Special Paper 189 (Ed. Narasimhan), p. 163-182. 

Gay, S. P., Jr., 1989. Gravitational Compaqtion, A 
Neglected Mechanism in Structural and Stratigraphic 
Studies: New. Evidence from Mid-Continent, USA. AAPG 
Bul., 73:5, p. 641-657. 



Geike, A., 1897. The Founders of Geology. MacMillan and 
Company, New York. 

Gregory, MarkS., 1988. Center for Applications of Remote 
Sensing, Oklahoma State University, personal 
communications. 

146 

Griggs, D. T., and Handin, J~, 1.960. Observations on 
Fracture and a Hypothesis on Earthquakes. Mem. Geol. 
Soc. ~m. No. 79, p 347-373. 

Hagen, K. B., 1985. "Mapping of surface joints on air 
photos helps understand ~aterflood performance problems 
at North Bu~bank unit, Osage and Kay Counties, 
Oklahoma"~ GSA South-Central Sectior:t ··19th Annual 
Meeting, Abstracts with Programs - GSA 17:3, p. 160. 

Hall, J., 1986. "Geophysical Lineaments and Deep 
Continental Structure''. in M~jor Crustal Lineaments and 
their inflU~nce on Geological History of the 
Continental Lithosphere, Phil. Trans. Royal Soc. 
London, A317, p. 1-290 ~ · 

Hall-Konyves, K., 1987. The Topographic Effect on Landsat 
Data in Gently Undulating Terrain in Southern Sweden. 
International Journal of Remote Sensing, 8:2, p. 157-
168. 

Harris, S. A., 1970. Bends in the South Canadian River of 
Oklahoma as Related to R~gional Geomorphology. Shale 
Shaker Digest VI, p. 160-~75. 

Harris, S. A., 1975 .. Hydroca~bon Accumulations· in the 
"Meramec-Osage"·· (Mississ-ippian) Rocks, Sooner Trend, 
Northwest-Central Okalhoma. AAPG Bul. 59:4, p. 633~664. 

Harvey, A. H·. , 1988. How We,ll Logs Detect Fractures. 
Petr9leum Engineer Inte~nationai, July, 1988 (part I) 
p. 45-5!'; August, '1988 (part.II) p. 40-:45·. 

Harvey, R. L., 1972. West·campbell Gas Field, Major County 
Oklahoma. in AAP~ Mem 16,,Stratigraphic Oil and Gas 
Fields, p. a59-567. 

Havranek, T. J., and Smith w~ S., 1989. Application of 
Down-Hole Geophysical Methods and Discrete Zone 
Sampling Techniques in the Investigation of a Fractured 
Bedrock Aquifer. In Proceedings of The Conference and 
Exposition on Petroleum Hydrocarbons and Organic 
Chemicals in Ground Water, November 15-17, 1989. 
Presented by The Association of Ground Water Scientists 
and 'Engineers and The American Petroleum Institute. 
Published by the National Water Well ~sso~iation, 
Dubli-n, Ohio. p. 686. 



Heidelberg, F. E. F., 1983. Einige Bermerkungen uber 
Klufte, Verwitterung, Blockbildung und Talnetz. 
Zeitschrift fuer Geomorphologie, ·27:1, p. 105-110. 

147 

Hobbs, W. H., 1904. Lineamen~s of the Atlantic Border 
Region. Geological Society of·America Bulletin, v. 15, 
p. 483-506. 

Hobbs, W. H., '1912. Earth Features and The1ir Meaning- An 
Introduction to Geology for the Stud~~t and General 
Read~r. Macmillan Publishing Co., N./ Y. 

I 
I 

Hodgson, R. A., 1961. Jointing in Comb ~idge-Navajo Mountain 
Area. AAPG Bul., 45:1, p. 1-38. . / 

Hooke, J. M., 1987. Changes i~ Meander 'Morphology.// 
International Geomorphology 1986; P1·:-oceedings/of the 
First International Conference on G~:.i,"Jmorpholdgy, Part 
I, Edited by Ga~diner, V., John Wiley, & Sons, 
Chichester, p. 591-609. 

Howard, A. D.; Kochel, R. C.; and Holt, H. E., 1988. Sapping 
Features of the Colorado Plateau - A Comparative 
Planetary Geology Field Guide. NASA SP-491, p. 108. 

' ' . 

Hubbert, M.· K., 1940. The Theory of Ground-Water Motion. 
Jour. Geol., Vol .. 48, p. 785-944 

Hubbert, M. K., and Willis, D. G., 1972. Mechanics of 
Hydraulic Fracturing. AAPG Memoir 18, Underground Waste 
Management and Envi~onme~~al Implications, p. 239-257. 

Huitt, J. L., 1955. Fluid Flo~ in Simulated Fractures. 
Jour. Amer. Inst. Chem. Engin., V. 2, p. 259-264. 

Jennings, J. N., 1985. Karst Geomorphology. Basil Blackwell, 
Inc.~ New, York, p~ 293. 

. . 
Johnson, K. S., 1969. Mineral Map of Oklahoma. Oklahoma 

Geol. Surv. Map GM-15. 

Jones, A. R., 1987. An Evaluation of Satellite Thematic 
Mapper Imagery for Geomorphological Mapping in Arid and 
Semi-Arid Envi.ronments. International Geomorphology 
1986; Proceedings of the First Iriternational Conference 
on Geomorphology; Part II, Edited by Gardiner, V., John 
Wiley & Sons, Chichester, p. 343-357. 

KQchel, R. C., Simmons, D. W., and Piper J. F., 1988. 
Groundwater Sapping Experiments'in Weakly Consolidated 
Layered Sediments: A Qualitative Summary. in NASA SP-
491 edited by Howard, et al., p. 84-93. 



Kostura, J. R., and Ravenscroft, J. H., 1977. Fracture
Controlled Production. AAPG Reprint Series No. 21, 
p. 221. 

148 

Knepper, D. H., 1987. Remote-Sensing Studies of the Anadarko 
Basin. abstract in Oklahoma Geology Notes 47:3, p. 117. 

Krumbein, W. C. and Sloss, L. L., 1953. Stratigraphy and 
Sedimentation. W. H. Freeman and Company, San 
Francisco, p. 497. 

Ladmirant, H., and Waleffe, A., 1985, Decouvert d'un erg 
Fossile par Analyse d'images Landsat (Nord Kasai, Rep. 
Zaire). Bulletin Trimestriel -Societe Belge de 
Photogramme~rie et de Teledetection, 159-160, p. 71-79. 

Lamb, H., 1957. Hydrodynamics. Cambridge Univ. Press, 
Cambridge (6th edition). · 

La Pointe, P. R., and Hudson, J. A., 1985. Characterization 
and Interpretaion of Rock Mass Joint Patterns. 
Geological Society of America Special Paper 199, p. 37 

Lau, M. N. and Bassiouni, Z., 1989. Oil Detection in 
Fractured Carbonates of Chapayal Basin, Guatemala. The 
Log Analyst,·30:3, p. 261-269. 

Lawrence K. L., !969. Trend-Surface Analysis of the Basin 
and Range Provin2e, an~ Some Geomorphic Implications. 
USGS Professional Paper 500-D, p. 70 . . . 

Leopold, L. B., and Langbein' W. B., 1962. The Concept of 
Entropy in Landscape Evoiution. USGS Professional Paper 
500-A, p. 20. 

Lillesand, T. M., and Kiefer, R. W., 1987. Remote Sensing 
and Imag~:Interpretation. Wil~y & Sons P~b., New York, 
p. 721. 

Long, J. C. S., and Witherspoon, P. A., 1985. The relation
ship of the Degree of Interconnection to Permeability 
in Fracture Networks. Journal of Geophysical Research, 
90:B4, p. 3087-3098. 

Lyell, 1833. Principles of Geology. John Murray pub., 
In "A Source Book in Geology 1400 - 1900" by Mather, C. 
F., and Mason, S. L., 1970, Harvard Univ. Press. 702 p. 
(Lyell, p. 263- 273). 

Maarouf, A. M. S., 1981. Morphostructural Analyses of Space 
Imagery in the Central Colorado Plateau. unpublished 
Ph.D. dissertation, University of Utah. p. 130. 



149 

Maddox, G. D., 1977. Infill Drilling in the Mississippian 
Limestone. Garfield County, Oklahoma, from SPE regional 
meeting in Oklahoma ~ity, Feb. 1977, Pub. in AIME & 
SPE, p. 35-39. 

Mel ton, Frank A., 1959. Aeria·l· Photographs and Structural 
Geomorphology. Jour. of Geology, 67:4, p. 351-370. 

Miller, V. C. and Wes:terbac:k, M. E .• , 1989. ,Interpretation 
of Topographic: Maps. Mer~ill Publishin~ Company, 
Columbus, Ohio, p. 238, 97 figures. 

Monastersky ,_. R. , 1988. The 10, 000-Year Test •. Sc:ienc:e News 
Vol. 133, No. 9, p. 139-141 

' ' 

Morton, R. B., 1980. Water Resources of the Woodward 
Quadrangle, Oklahoma. Okl~homa Geol. Surv. Map HA-8. 

NASA, 1977. Skylab Explores The Earth. NASA SP-380, 
Washington, D. C. 

Nevin, C. M., 1949. Principles of Structural Geology. John 
Wiley & Sons, Inc., New York, p. 410. 

Nelson, R. A., 1975. Fracture Permeability in Porous 
Reservoirs: An Experimental and Field Approach. Ph.D. 
Dissertation,' Texas A&M Univer?ity. p~ 171. 

' Nelson, R. A., 1985. Geologic: Analysis of Naturally 
Fractured Reservoirs. Gulf Publishing, Houston, p. 319. 

Newhall, B., ~969. Aiborn~ Camera. Hastings House, New 
York. 

Newton, A. R., 1987. The Fracture Pattern Around the 
Sutherland diatreme, Cape Province (South Afric:a). 
·South A!ric:an ~ournal of G~ology, 90:2, p. 99-106. 

Nu'r, A., 1982. The Origin of "Tensile Fracture Lineaments. 
Journal of Structural Geology, 4:1, p. 31-40. 

O~lahoma Geological Survey, 1989. pklahoma Field Production 
Summary Reports. 

Okonny, I. P., 198). Geologic: Analysis of Remote Sensing 
Imagery of the Eastern Nile Delta. unpublished Ph.D. 
dissertation, Purdue University. 

O'Leary, D. W., Friedman, J. D., and Pohn, H. A., 1976. 
Lineament, Linear, Lineation: Some Proposed New 
Standards for Old Terms. Geol. Soc. Amer. Bull., 87:, 
p. 1463-1469. 



150 

Overbey, W. K., and Rough, R. L., 1971. Prediction of Oil
and Gas-Bearing Rock Fractures From Surface Structural 
Features. U. S. Bureau of Mines Report of Investi
gations 7500, p. 14. 

Parizek, R. R., 1975. "On the Nature and Significance of 
Fracture Traces ~nd lineaments in Carbon~te and Other 
Terr~nes''. Karst Hydrology and Water Resources, Proc. 
Yugoslavian-US Symposium, Dubrovnik, June 1975, Ed. V. 
Yevj~vich, (Water Res. Pub. Ff. Collins CO, p. 47-108, 
1976). 

Parsons, R. W. ,. 1966. Permeability of idealized fractured 
Rock. Society of Petroleum Engine-ers J·ournal, v.6, p. 
126-136. 

Peters, D. C.; Speirer, R. A.3 Moll, S. H., 1984. Image 
Processing for Automatic Lineament Analysis. Paper 
given at Geotech '84, Denver, a Conference on Personal 
Computers in Geology. Reprint with figures courtesy of 
D. C. Peters, U. S. Bureau of Mines. 

Peters, D. C.; Speirer, R. A.i Bettinger, T. C., 1987. 
Application of Computer-Aided Remote Sensing and 
Potential Hazard Analysis to Improve Mine Design. In 
Underground Mining Methods and Technology, edited by A. 
B. Szwilski ~nd M. J. Richards, Elsevier Publishing, 
Amsterdam, p. 425-439. 

Peters, D. C., et al. , .. 1988. "Lineament Analysis For Hazard 
Assessment in Advance of Coal Mining''. Proceedings of 
the Sixth Thematic Conference on Remote Sensing For 
Exploraton Geology~ ERIM, Vol I. p 253-264. 

Petr~leum Information, 1982. The Deep Anadarko Basin. 359 p. 
(out of print/available at the AAPG Library, Tulsa, 
Ok.) 

Pettyjohn, W. A.; White, H.; Dunn, S., 1983: Water Atlas of 
Oklahoma. Oklahoma State. University, Stillwater, 
Oklahoma, p. 71. 

Pettyjohn, W. A., 1987. Professor of Geology, Oklahoma State 
University, personal communic~tion. 

Pittmafl, E. D., 1981. "Effect of Fault-Related Granulation 
on Porosity and Permeability of Quartz Sandstones, 
Simpson Group (Ordovician), Oklahoma". AAPG Bul., 
65:11' p •. 2381-2387. 



151 

Podwysocki, M. H., Moik, J. G. and Shoup, W. C., 1975. 
Quantification of Geologic Lineaments by Manual and 
Machine Processing Techniques. in NASA Earth resources 
Survey symposium. Vol 1-B: Geology Information Systems 
and Services, Houston, Tx; NASA-TM-X-58168-Vol-1-B, p. 
885-903. 

Pohn, H. A., 1983. The Relationship of Joints and Stream 
Drainage in Flat-Lying Rocks of South-Central New York 
and Northern Pennsylvania. Zeitschrift fuer 
Geomorphologie 27:3, p. 375-384. · 

Price, N. J., 1975. Fluids in the Crust of the Earth. 
Sci. Prqgr., London, No •. 62) p. 59-87. 

Ray, R. G., 1960. Aerial Photographs in Geologic 
Interpretati6n and Mapping. USGS Prof. Paper 373, p. 
230. 

Risner, J. K., 1989. The Geohydrology of Mars. Ground 
Water, 27:2, p. 184-192. 

Richason, B. F., ed., 1983. Remote Sensing of the 
Environ~ent. Kendall Hunt pub., Dubuque, Iowa, p. 582. 

Robb, James M., 1988. Groundwater Sapping as a Submarine 
Geomorphic Process. In.NASA SP-491, edited by Howard, 
p. 108. 

Sabins, Floyd F., Jr., 1987. ~emot·e Sensing Principles and 
Interpretation. W~ H. F~eeman and Company, N. Y. p. 
449. 

Schick, A. P., 1965. The effects of Lineative Factors on 
Stream Courses in Homogeneous Bedrock. Inter. Assoc. 
Sci. Hydrology, 10:3, p. 5-11. 

Scheidegger, A. E., 1983. Inter:pretation of Fracture and 
Physiographic Patterns in Alberta, Canada. Journal of 
Structural Geology, 5:1, p. 53-59. 

Scheidegger, A. E., and Langbein, W. B., 1966. Probability 
Concepts in Geomorphology. USGS Professional Paper 500-
C, p. 14. 

Secor, D. T., 1965. Role of Fluid Pre~sure in Jointing. Am. 
J. Sci. No. 263, p. 633-646. 

Secor, D. T., 1969. Mechanics of Natural Extension 
Fracturing at Depth in the Earth's Crust. Geol. Surv. 
Pap. Can. 68-52, p. 3-48. · 



Secor, D. T., and Pollard, D. D., 1975. On the Stability 
of Open Hydraulic Fractures in the Earth's Crust. 
Geophys. Res. Lett. 2, p 510-512. 

152 

Sharp, Jp S.; Maini,~Y. N. T.; and Brekke, T., 1972. Eval
uation of Hydraulic Properties of Rock Masses. 14th U. 
S. Symposium on Rock Mechanics, Pennsylvania, p. 481-
500:. 

Short, N~ M.; Lowman, P. D .. Jr.; and Freden~ S.C., 1976. 
Mission to Earth: Landsat Views the World. NASA SP-360, 
p. 459 .. 

Short, N. M., and Blair, R. W., 1986. Geomorphology from 
Space - A Global Overview of Regionai Landforms. NASA 
SP-486,. p. 717. 

Shoup, R. C., 1980. Correlation of Landsat Lineaments with 
Geologic Structures, Northcentral Oklahoma. unpublished 
M.S. thesis, University of Oklahoma, Norman. p. 106. 

Silliman, S. and Robinson, R., 1989. Identifying Fracture 
Interconnections Between Boreholes Using Natural 
Temperature Profiling: I. Conceptual Basis. Ground 
Water, 27:3, p. 393-402. 

Silva, K.K.M.W., 1986. Tectonic Environment on the Vein
Type mirieral Deposits of Sri Lanka. ITC Journal, 2, p. 
170-176. 

Sinclair, S. W., 1980. Analysis of_Macroscopic Fractures on 
Teton Anticline, Northwe~tern Montana. M.S. Thesis, 
Dep~. of Geology, Texas A&M Univ., College Station, 
Texas, May 1980, p. 102. 

' -

Snow, D. T., 1965. A Parallel Plate Model of Fractured 
Permeable Media. Ph. D. Dissertation University of 
Caiifornia. 

Spencer, C. W., 1989. Review of Charateristics of Low
Permeability Gas Reservoirs in Western United States. 
AAPG Bul. , T3: 5, .p. 613-629. 

Stauffer, M. R., and Gendzwill, D; J., 1987, Fractures in 
the Northern Plains, Stream Patterns, and the 
Midcontinent Stress Field. Canadian Journal of Earth 
Sciences, 24:6, p. 1086-1097. 

Stearns, D. W. and Friedman, M., 1972. Reservoirs in 
Fractured Rock. AAPG Memoir 16, Stratigraphic Oil and 
Gas Fields, p. 82-106. 



153 

Steel, R. G. D. and Torrie, J. H., 1980. Principles and 
Procedures of Statistics, a Biometrical Approach. 
Second Edition, McGraw-Hill Book Company, New York, p. 
633. 

Strahler-, A. N. , 1954. Quantitative Geomorphology of 
Erosional Landscapes. C. R. 19th'Intern Geol. Cong., 
Algiers, Sect. 13, part 3, p. 341-354. 

Tillman, J. E., 1983. "Exploration fol! Reservoirs with 
Fracture-Enhanced Permeability". Oil and Gas Jour., 
February 21, 1983. p. 165-179 · 

Trollinger~ W. V., 1971. Surface Evidence of Deep Structure 
in the .Anadarko Basin.· Shale Shaker Digest Vol. VI, p. 
248-257 (originally in Shale Shaker April, 1968). 

United States Department of Agriculture, Soil Conservation 
Service, 1967. Soil Survey of Garfield County, 
Oklahoma. U. S. Government Printing Office, 55 pages, 
90 maps. · 

United States Department of Agriculture, Soil Conservation 
Service, 1968. Soil Survey of Major County, Oklahoma. 
U. S. Government Printing Office, p. 84, 84 maps. 

Vitek, John, D., 1989. Professor of Geology, Assistant 
Dean of the Graduate College, Oklahoma State 
University, .Personal Communication. 

Watts, K. B., 1977. Assessment of Landsat Imagery for the 
Investigation of Fracturing in an Unconfined Chert and 
Carbonate Aquifer. unpublished M.S. thesis, Oklahoma 
State University. p.'72. 

Walsh, S. J., and Mynar, F., II, 1985. Comparison of Landsat 
' Digita~ Enhancement Techniques for Lineament Detection. 

Oklahoma State University Dept of Geog .. Stillwater, GSA 
98th mtg, Oct 28-31, 1985. In Abstracts with programs, 
GSA 17:7, p. 743. 

Watson, D. F. and Philip, G. M., 1987. Neighborhood-Based 
Interpolation. Geobyte, 2:2, p. 12-18, pub. by the 
AAPG, Tulsa, Oklahoma. 

Weber, 1974. A Quantitative Analysis of the Relationship 
Between Geologic Structure and Drainage Line 
Orientation in a Neotectonic Region. Indiana State 
Univ. Geog. Geol. Prof. Paper No: 6, p. 41-55. 



154 

Wheeler, R. L., 1980. Cross-Strike Structural Discontinui
ties: Possible Exploration Tool for Natural Gas in 
Appalachian Overthrust Belt. AAPG Bul 64:12, p. 2166-
2178. 

Whitesell, B. L.; Vitek, J.D.; and Butler, D. R., 1988. 
Changes in the Planform of the Red River, McCurtain 
County, Oklahoma, ·1938-1984. Oklahoma Geology Notes, 
48:5, p, 196-209. . 

Witherspoon, P. A., Gale, J., Nelson, P., Doe, T., Thorpe, 
R., Forster, C., and Paulsson, B., 1979. Rock Mass 
Characterization for Storage of Nuclear Wastes in 
Granite. in Proceedings of the Fourth Congress of the 
International Society for Rock Mecha~ics, Montreaux: 
Rotterdam. A. A. Balkema, V. 2, p. 711-718. 

Winthrow, Philip C., ·1972. Star-Lacey Field, Blaine and 
Kingfisher Counties, Oklahoma. in AAPG Mem 16, 
Stratigraphic Oil and G,as Fields, p. 520-531. 

Yager, R. M., 1988. Delineation of Fracture Zones Within 
the Lockport Dolomite, Niagara County, New York. EOS 
69:44, p. 1173. '. 

Yale, D.P., anq Sprunt, E. S., 1989. Prediction of Fracture 
Direction Using Shear Acoustic Anisotropy, The Log 
Analyst (published by the Society of Professional Well 
Log Analysts), 30:2, p. 65-70. 

Yates, Garry, 1989, Ohio,geological Survey, Personal 
Communications,. 

Zoback, M. L., and Zoback, M., 1980. State of Stress in the 
Conterminous United States. Journal of Geophysical 
Research, 85: p. 6113-6156 · 

Zhixi, Jing, 1986.' The Application of Remote Sensing Images 
to the Regional Hydrogeological Reconnaissance. 
Carsologica Sinica, 5:1, p. 29-32. 



APPENDIXES 

155 

' " 



II I 

APPENDIX A 

CORE DESCRIPTIONS 

156 



Completed: 
Producing Zone: 
Interval: 
Frac: 
Initial Prod: 

' 

Cumulative· 
Production: 

TEXAS EASTERN No. 1 ANDERSON 
SE NW Section 26-T.21N-R7W 

6-10-65. 
Meramec-Osage. 
Open Hole from 6,910' to 7,370'. 
22,868 barrels of fresh water. 
120 barrels oil; 140 barrels load water 

per day. 

104,000 barrels of oil 
400,000 mcfg (.4 billion cubic feet 

of gas). 

CORE DESCRIPTION: 

Interval Description 

6925-6953 Core was shattered, probably because of 
natural fractures:- Limestone, calcareous 
mudstone, gray (2.5Y 5/0 on Munsel chart), 
slightly silty, slightly dolomitic, heavily 
burrowed, chert· nodule , gray, 2" by 1" at 
6927, no visible·matrix porosity under 
binocul~r microscope (25X). 
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6953-6970 Whole core, not shattered: Limestone, 
calcareous mudstone,, gray, slightly brownish 
(2.~Y 5/2),. abundant stylolites with organic 
tarry lining, paper thin argillaceous 
la~inae. Visible vertical fractures, some 
open with .crystal (predominantely quartz) 
lining, open' fractures up to 0.5 mm wide, 
length of fractures up to 70mm, some 
fractures end in'stylolites, others taper out 
or bifurcate and taper. No visible matrix 
porosity under binocular microscope (25X). 

6970-7010 Core missing. 

7010-7030 Limestone, calcareous mudstone, olive gray 
(5Y 5/2), trace, of pyrite, rock becoming 
siliceous to very cherty. No visible matrix 
porosity'under binocular microscope (25X). 

7030-7150 .core missi~g. 



7150-7174 

158 

Limestone, siliceous to cherty, dark gray 
(2.5Y 4/0), grading to near black (2.5Y 3/0) 
near base of interval, some black chert, 
stylolitic, burrowed. Visible vertical 
fractures, min~r~lized in part with calcite 
crystals, some 'fractures open up to .2mm. No 
visible matrix porosity under binocular 
microscope ( 25X) '. 



Completed: 
Producing Zone: 
Interval: 
Initial Prod: 

Cumulative 

TEXAS EASTERN No. GOFF 
SE SW Section 14-T20N~R8W 

10-20-60 
Manning Limestone (Mississippian). 
6920-6934 
15 Barrels of Oil, 5 Barrels salt water 

per day. 

Production: N/A,(none listed). 

SCOUT TICl.T CORE INFORMATION: 
Cored 7234-7260, Recoyered 16' limestone, 3' 

limestone with good porosity 
bleeding oil, 2' limy "silt" 
bleeding oil, 1' silty 
limestone with now show, 4' 
limy silt bleeding oil. 

Cored 7260-1265, 

Cored 7267-7287, 

Recovered 5' limestone. 

Recovered 9' limestone, 11' 
shaly limestone. 

SCOUT TICKET DRILL STEM TEST INFORMATION: 
DST Meramec-Osage 7236-7287 . 
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. Open 6 hours, gas in 20 minutes, too small to 
measure~ Recovered 564' gas cut mud and 540' 
slightly oil cut mud. 
Initial Shut In P~essure.2400 psi/30 min 
Flow Pressure 270 to 440 psi/240 min 
Final Shut In Pressure 1785 psi/30 min. 

Lost Circulation at 7460. (Possibly indicative· of 
fractures) . 

Perforated 7436-56, swabbed mud. 
Perforated 7420-46, swabbed mud. 

Did not frac Meramec-Osage. 

Completed in Manning. 
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CORE DESCRIPTION: 

Meramec-Osage Core available from 7275-7287: 

Limestone, calcareous mudstone to wackestone, 
olive gray (5Y 4/2) to dark grayish brown 
(2.5Y 4/2), paper thin argillaceous laminae, 
siliceous in part with lighter gray chert, 
burrowed, fossiliferous with crinoids, 
gastropods, pelecypods, and brachiopods. 
Some vertical fractures, most mineralized 
closed, one open vertical fracture, 150 mm 
long, mineralized, apparent mineral zoning. 
No visible matrix porosity under binocular 
microscope (25X}. 



Completed: 
Producing Zone: 
Interval: 

Frac: 
Initial Prod: 

CRAWFORD No. 1 LAMUNYON 
SW SE Sectibn 7~T22N-R7W 

10-18-62 
Meramec-Osage. 
Per~orated 6520-6528 
Open Hole 6528-7059 
Sand Frac (30# X 60 & 2000# mothballs). 
Four Point· Calculated Open Flow 
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6,000 mcf/day + 15 barrels "distillate" 
per 1,000 mcf. 

Cumulati,ve 
Production: 1,890,000 mcf (1.89 billion.cubic feet of 

gas) + 11,000 barrels of oil. 

CORE DESCRIPTION: 

Interval 

6570-6583 

Description 

Limestone, calcareous mudstone, siliceous, 
dark gray (2.5Y 4/0) to.light olive brown 
(2.5Y 4/2) to light olive gray (5Y 4/1), 
paper thin argillaceous laminae, stylolitic 
in part, heavily burrowed, gray to white 
chert nodules ln part, trace pyrite, 
fossili£erous with gastropods, come coarse 
crystal calcite in molds. Visible vertical 
fractures, mineralized with calcite and 
quartz. No visible ~atrix porosity under 
binocu.lar microscope· ( 25X). 
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SHELL No. 1 RHODES ·' 
SE SW Section 18-T22N-R7W 

Completed: 
Producing Zone: 

7-25-63 
Meramec-Osage 

Interval: 
Frac:. 
Initial' Prod: 

Open Hole 66·73-7310 
- Sand frac 15# X 30 

4,050 mcf/day, no reported 
(except load water). 

fluid 

Cumulative 
Production: 980,000 ~cd (.98 bi~lion cubic feet of 

gas)., 

Scout Ticket Tests: 

Drill Stem Test 7027 to 7347, open 1 hour, Recovered 
540' mud, Initial Shut :Iri Pressure 2811 psi/30 min, 
Flow Pressure 127 psi to. 178 psi/60 min, Final Shut 
In Pres~ure 2585 psi/60 ~in. 

Drill Stem Test 6650-6985, open 2.5 hours, Recovered 
50' slightly gas cut mud; 240' mud, Initial Shut In 
Pressure 260 psi/80 minutes, Flow Pressure 219 to 
219 psi/150 minutes,.Final Shut In Pressure 260 
psi/80 minutes. 

Meramec Osage Core (hole was, ,deviated by 39 degrees) 

CORE DESCRIPTION: 

Interval 

6982-7200 

Description 

Limeston~, calcareous mudstone to wackestone, 
olive gray (5Y 4/2) to dark olive gray (5Y 
3/2), slightly siliceous in part, trace 
pyrite, paper.thin argillaceous laminae, 
heavily burrowed, fo~siliferous with 
crinoids, brachiopods, and gastropods, a few 
incipient stylolites (none well developed). 
Some visiple vertical fractures (6982, 7077, 
7142, 7182)-mineralized with calcite and 
quartz. 'Shell Oil marked one vertical 
fracture,where the core was split with little 
or no mineralization. The core was broken in 
several places at 39 degrees from apparent 
vertical which would hav~ been in actual 
vertical orientation because of hole 
deviation. This core is less siliceous than 
the Crawford No. 1 Lamunyon. 



APPENDIX B 

SOUTHWEST ENID AREA WELL DATA 
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ABBREVIATIONS 

SEC: Section 
TWP: Township 
RGE : Range .. 
51 52 53 54: 1/4 1/4 1/4 1/4 Section 
ST: · Status. (oil, gas, dry, oil&g~s, ·location) 
YR: Year Completed 
ELEV.: Elevation of measuring point above sea level 
MISSP Meramec-Osage Structure Top 
WDFRD Wood,ford Structure Top 
MSISO Total Meramec-Osage ~sopach value. 
CUOIL : Cumulative oil productiQn per wel~. 
CUGAS : Cumulative Gas Production per well.· 
EQOIL : Oil equivalent per well. . 
LOGGD : 1 = logs available a~ OWLL 
$PAY1 $PAY2 $PAY3 $PAY4: Primary Pay formation, 

Secondary Pay formation, etc. 
MISSP = Meramec-Osage · 
HUNTN = Hunton 
RDFRK = Red Fork 
MANNG = Manning 
OSWGO = Oswego 
VIOLA = 'viola . 
SKINR = Skinner. 
INOLA = Inola 

MSPOR! : Number of feet of Meramec-Osage log poros'i ty greater 
than 6%. 

LTYPE! : Porosity log type·. 

FINDR!: Fracture indicator 

1 = Density 
2 = Sonic/Acoustic 
3 = Neutron/compensated neutron 
4 = · o·ther 

present on logs. 
1 = Shallow Resistivity inside 

deep resistivity. 
2 = Cycle skipping on sonic 
3 = Caliper 
4 = Spikes on Density 
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SEC TWP RilE S4 S3 S2 51 BT YR ELEV MISSP Wllf'RD MSIS0 1 CIJIJIL 1 CIJGAS 1 EOOIL 1 LOOOD 1 SPAY I SPilY2 SPAY3 SPAV4 IISPOR 1 LTYPE 1• FINDR 1 

1 20N 7W SE NE O&G 66 1248 61!28 5 0.25 49 2 Ill SSP SKIIIR 4 2 5 
1 20N 7W SE NW O&G 66 1232 61147 7400 553 30 0.01 32 I MISSP 
1 20N 7W t14 NE O&G 81 1240 61!28 7379 551 3 0.25 47 2 MISSP HUNTN 
1 20N 7W SESE O&G 67 1251 61140 7390 550 16 IIi 1 MISSP 139 
1 20N 7W SE Sll O&G 66 1224 664(1 7392 552 16 o.oo IIi 2 M!SSP 
1 20N 7W N2 SE NW NW DIG 83 1247 61!80 7440 560 0 1 MISSP 8 
220N 7W NW NW O&G 76 1226 61!90 7464 574 29 29, 1 DSIIGO 
220N 7W SC I.W 0&6 66 1217 61!88 35 35 2 MISSP 
220N 7W SE SW Nil O&G 82 1227 61!75 7450 575 2 0.03 7 2 SKINR 
2 20N 7W NW SE 1-£ D&G 80 1210 61!70 7430 560 1 1 1 MJSSP RDFRK VIOLA 55 
2 20N 7W SENE O&G 66 1197 61!66 11 11 2 MISSP 
220N 7W Nil NE O&G 76 1223 61!72 7490 618 22 0.29 73 2 MISSP 
2 20N 7W SE SW D&G 66 1197 6908 18 18 2 JIIISSP 
220N 7W NW S\1 O&G 82 1222 61!90 7462 572 2 0.02 li 1 IHSSP SKJNR 20 
2 20N 7W Nl SE DIG 77 1204 61!84 5 5 2 MJSSP 
2 20N 7W sr:: FF DIG 66 1218 6902 5 5 2 MISSP 
3 20N 7W NW NW O&G n 1230 35 0.20 70 2 MISSP 
3 20N 7W SE NW O&G fJ7 1222 li952 7526 574 158 0.40 228 1 MISSP OSWGO 102 2 4 
3 20N 7W NW NE O&G 78 1239 6913 2 IIISSP 
320N 7W SE NE O&G 66 1228 6938 62 O,liO 161! 2 IIISSP 
320N 7W NW SE O&G 79 1245 6960 2 MISSP 
3 20N 7W SE SE O&G 66 1231 69""...0 13 0.32 69 1 IIISSP OSWGO 110 2 2 
J 20N 7W tl4 SW O&G 67 1209 6975 7540 565 30 O.liO 136 1 MISSP OSWGO 65 2 2 
3 20N 7W SE SW O&G, 79 1203 6996 7508 512 4 0.14 29 1 IIISSP 32 1 
420N 7W SE NW O&G 66 1222 6980 7564 584 109 1.00 285 I MISSP OSWGO 2 
420N 711 SE NE O&B 78 1244 &%6 7568 G02 5 o. 50 93 2 MIB!JP 
420N 7W SW NE D&S 65 1~'>6 6974 75liO 586 n 0.2(1 112 I MISSP 22 2 
4 20N 7W SE SW O&G 78 1206 6972 75liO 588 2 MISSP 
4 20N 7W NW SW D&G 66 1208 6970 7546 576 152 0.51 242 2 MISSP OSUGO 
4 20N 7W E2 SE SE D&G 82 1235 7000 7570 570 0.17 30 1 IIISSP 19 
4 20N 7W Nil SE O&G 66 1220 6980 7563 583 103 1.10 297 2 IIISSP OSIGJ 
5 20N 7W Nil Nil D&G 78 11ti5 6902 7500 598 I HI SSP OSOOO 
5 20N 7W SE NW O&G 67 1183 6924 140 0.20 175 I Ml SSP OSWOO 
5 20N 7W NW NE O&G 81 1195 6950 7610 6liO 23 0.25 67 1 MISSP OSWSO 46 
520N 7W SE NE O&S 66 1183 6937 31 0.10 49 2 MISSP 
5 20N 7W SE SW O&S £>6 1179 6970 7511 541 111 (1. 61! 231 1 MJS..<:p 051160 
5 20N 711 NW SW O&G n 1183 6937 7566 629 2 NISSP 
520N 7W SE SE O&G 66 12(lb 6988 89 0~50 177 I MISSP OSilGO 
520N 7W NW SE O&G 78 1166 6933 2 MISSP 
6 20N 7W SENE D&G 66 1150 6961! 65 65 1 Ml SSP OSWGO 
6 20N 7W SE SE O&G 66 1159 6988 95 0.10 113 1 MISSP 
6 20N 711 NW SE O&G 78 1159 6959 2 MISSP 
620N 7W SE NW O&G 66 1163 6950 7561! 618 65 0.25 109 2 MISSP 
6 20N 7W SW tl4 NW O&G 82 1180 5 5 2 oswso 
620N 7W NW SW O&S 66 1166 6986 7598 612 92 0.75 224 2 IIISSP OSWGO 
7 20N 7W SE NW O&G 81 1161 7006 7597 591 9 0.10 27 2 IIISSP 
7 20N 7W Nil NW O&G 66 1160 6980 7588 liOB 89 0.60 195 IIIISSP 52 
7 20N 7W NW IE DIG 67 1149 691i0 7588 628 55 . 0.52 147 1 MISSP 28 
7 20N 7W NE SW O&G 66 1150 7000 7590 590 59 0.21 96 I M!SSP 
HON 7W NE 1M SE D&G 84 1152 7000 75% 5% 4 0.02 8 1 PIISSP OSWGO I'IRilNG HUNTN 
7 20N 711 SE SE O&G 67 1144 7002 7592 590 43 0.05 52 2 MISSP 
8 20N 7W s~ m O&G 84 1145 6970 7554 504 I~ O.J7 45 I MISSP BfUH llllttiG 153 5 
820N 7W NW NW 0&6 66 '1166 6963 7517 554 78 78 2 MISSP OSIIGO 
8 20N 7W NW NE O&G 67 1156 6957 7551 594 32 0.58 134 I IIISSP 92 2 5 
820N 7W E2 SW D&G 78 1144 7023 8 0.09 24 1 ~IISSP 
8 20N 711 tM !'14 D&G 66 1147 6994 7579 585 1 MISSP 61 2 
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SEC TIIP RGE S4 S3 52 Sl ST YR ElEV MISSP IIDFRD IISISO' CUOil' CUS!lS' EOOil' UI66D1 $PAV1 $PAY2 $PAY3 $PAY4 IISPOR 1 lTYPE' FINDR' 
8 20N 711 toE SE DIG 69 1l90 7026 47 0.35 109 , 2 MlSSP OSWGD MANNS 
8 20N 7W · SE SE SE D&G 81 1175 7025 7600 575 I MlSSP OSWSO MI!NNG l7 
9 20N 711 N1 Nil D&G 68 1199 6990 55 55 1 MISSP IJSI.IGO 254 
9 20N .7W SE NW O&G 82 1200 7010 7 0.04 14 I MlSSP OSWSO 
9 20N 711 Nil NE O&G 67 1217 7006 42 42 2 MISSP OSIIGO 
9 ZON 711 SE NE D&G 81 1221 1!1 0.10 39 2 OSIIGO . 
9 20N 7W Sll DIG 68 11% 7<•40 7536 · 495 128 0.43 2<0\ I ti!SSP OSWGD 4 
9 20N 7W Nil SE O&G 67 1209 7030 7600 570 67 0. 31 ,122 I I'll SSP 15 

10 ZON 7W Nil Nil O&G 82 1<'42 7028 75% 566 2 2 I MlSSP SIUNR 4 
10 20N 7W Nl llE 0&8 67 1<'30 6982 Z5 25 1 MlSSP 
10 20N 7W SE NE O&G 78 IZI8 6971 7532 561 <'7 . 0.19 60 I MISSP IUITN 
10 20N 7W !)2 NE SE Sll O&B 81 11!10 0. Of. 1J Z DS11G0 
10 20N 7W ·Nil SW D&G 66 1230 7040 100 0.25 144 I MISSP 0S11G0 
10 <'011 7W Sll Sll SE O&G 81 1<'17 7035 7592 Z7 14 . 14 1 MISSP OSWSO 
10 20N 711 SE Nil DIG 66 1224 7000 10 10 1 MlSSP 
10 eON 7W SE SE O&G &7 JJ93 69B8 7540 .552 17 17 I MISSP 21 
11 20N 7W Nil tiE O&G 65 1190 6904 748<' 578 10 10 2 MJSSP 
II 20N 711 E2 NE O&G 78 1220 6920 7476 556 4 4 1 I'IISSP 5 1 
II 20N 7W 112 E2 SE Sll D&B 79 1189 6936 7494 8 0.08 <'2 I MISSP 79 2 
IJ 20N 7W Nil SE DIG 61 1183 6902 1 1 Z MISSP 
12 ZON 711 SE Nil OIG 66 1254 68'32 7430 538 8 8 1 IIJSSP 97 2 
12 20N 7W SE toE b&G 66 1<'35 6862 7404 542 27 27 1 MISSP SKINR 10 1 
12 20N 714 Nil Sll O&G 82 1218 6910 7445 535 6 0. 06 17 I M!SSP RDFRK M111G 42 I 
12 t>ON 711 SE GU DIG 67 1234 !;935 13 13 1 MISSP 
12 20N 7W Nil Sl: D&G 78 1238 6~18 7452 534 7 0.23 47 1 MlSSP SKINR 32 
13 20N 7W SE Nil O&G 67 1207 6922 5 5 I HISSP SKINR 
13 20N 711 
13 ZON 7W 
13 20N 7U 
13 eON 711 
13 2(IN 7W 
13 2(!N 7W 
13 20N 7W 
14 20N 7W 
14 20N 711 
14 20N 711 
14 ZON 711 
14 20N 7W 
14 eON 7W 

Nil Nil O~G 80 1228 6958 7498 5~(> 9 0.16 
J(l 0.17 
3 

Nil IE O&G 66 1214 6920 
SE Nf O&G 82 · le22 6900 7400 500 
SE SW O&G 67 1204 6940 ll 
Nil Sll O&G 81 1212 7078 7622 544 1 
Nil '1r O&G 66 ll' I 0 £,902 
SE 5E O&G 82 1219 6~10 7450 
Nil Nil. O&G 68 1185 6968 754Ct 

52 SE NW D&ll 85 IJ76 6'50 7506 
SE SE NE O&G 79 1213 6974 7::1.16 
SW SW Sll O&G 82 1173 697& 7512 

'Nil Sll O&G 68 1166 6%0 74% 
SE Sll O&G 81 1182 6982 . 7~2 

14 20N 7W Nil SE O&G 60 1187 69"..6 
14 20N 7W SE 5E O&G 68 1200 6970 7512 
15 20N 7W SE NW O&G Bl 1213 
15 20N 7W NW Nil O&G 66 1222 7058 
15 20N 7W Nil NE O&G 66 1211 7628 
15 20N 7W N2 Sll SE NE O&G 82 1196 7032 7570 
15 20N 7W Nil SW 0&6 67 1~ 7060 7600 
15 20N 7W Nil SE O&G 67 1185 7026 
15 20N 7W SE Sll SE O&G 82 1185 7032 7570 
15 ZON 7W NE SE SE O&G 81 IJ60 6~74 

16 20N 7W Nil Nil 0&6 66 1195 7(154 
16 20N 7W Nil ~ DIG 67 1239 7104 
16 20N 711 SE NE DIG 82 11!3& 7070 7615 
16 20N 7W Nil sw 0&6 77 1181 7070 7624 
16 20N 7W SE S11 0&6 82 
16 20N 7W Sll SE O&G 77 1221 712& 7660 
16 20N 711 Nil SE 0&6 66 11!38 7132 

0 
540 
572 44 
546 

. 8 
536 83 0.14 
536 5· 
540 J7 0.08 

54 
17 

170 
68 

538 5 0.05 
540 29 

538 I 
78 

107 
::1.1 

545 5 0,05 
17 0.05 
6 

534 19 
7 

37 
40 
3 

ll 
1 
B 

44 

8 
108 

5 
31 
54 
17 

170 
68 
14 
29 

78 
J(l7 

50 
14 
26 
6 

19 
7 

I MISSI' SKINR RDrRK 
2 IIISSP SKJIJR 
l MISSP SJI.!NR 
1 MISSP 
I MlSSP SKINR ~ 
l M!SRP SlWlR 
1 IIJSSP SKIHR 
2 HISSP 
I 
I MISSP 
1 VIDlll 
I HISSP 
I HISSP 
I MANNG 
1 MISSP mrlNG 
2 IIJSSP OSWGO HltiTN 
I Ml SSP DSIIGD 
1 MlSSP 
1 MISSP VIO!Jl 
I IIISSP 0S11G0 
I IIISSP 
1 OSIIGO 'FGUH 
2 Vlll.fi 
I IIISSP OSIIGO 
2 HISS:• OSWGD 
1 MISSP 
1 IIISSP 
1 I>IJSSP 
I MISSP 
1 MISSP 

17 
182 

127 

32 
18 
51 
30 
22 

180 

50 

7 
53 

19 

I 
2 

2 
I 
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SEC TIIP RSE 54 S3 S2 Sl ST YR ELEV P1JSSP UDFRD MSISO' CUO!l' CUBIIS' EOOIL' LOGGD' SPAY! SPAY2 $PAY3 SPAY4 MSPOR' lTYPE' FINDR' 
17 20N 7W Nil Nil O&G 66 1140 7010 33 0.(•6 44 2 I'IISSP OSWGO 
17 20N 711 SE NE O&G b6 1173 1059 24 0.05 33 1 MISSP 140 
17 20N 7W E2. W2 NW S~ O&G 81 1136 7%5 
17 20N 711 SE SE O&G B2 11'30 7028 7577 549 
18 20N 7W NW 511 O&G b8 
18 20N 7W 
18 20N 7W 
18 20N 7W 
18 20N 7W 
19 20N 7W 
19 20N 7W 
19 20N 711 
19 20N 7W 
19 2(<N 7W 
19 20N 7W 
20 20N 7W 
20 20N 7W 

511 SE O&G 65 1!&0 7100 7664 564 
NE NW O&G 66 1172 7045 
SW NE O&G 78 
NE NE O&G 68 
NE Nil D&G 82 1170 7120 7690 
SW Nil D&G 66 1180 7186 7746 
SE UE O&G 80 Jl44 7105 77(1(1 
SE Sf.l O&G 83 JJ72 7226 7782 
SE Sf, D&G 81 1162 7178 7718 
NW SE O&G 81 1167 7170 
NW NW O&G 75 
SE NE O&G 67 1143 7070 7613 

20 20N 7W SE SW O&G 6 7 1139 7086 7630 
20 20N 7W NW SE D&G b6 113(1 7072 
21 20N 7W NW Nil O&G b6 !173 7087 
21 20N 7W SW NE SE NE O&S 82 1222 7134 76.80 
21 20N 7W W2 SW NE D&G 66 1187 7088 7626 
21 20N 7W NW SU O&G 81 1127 7070 7616 
21 20N 7W SE SW D&G 66 1161 7082 
21 20N 7W SE 5E D&G 66 1199 7096 
21 20N 7W NE S" O&G 77 1212 7137 
22 20N 7W Nil NW O&S 65 1208 7096 7640 
22 20N 7W 1£ W: D&G 78 
22 20N 7W 
22 20N 7W 
22 20N 7W 
22 20N 7W 
23 20N 7W 
23 20N 7W 
23 20N 7W 
23 20N 711 
23 20N 7W 
23 20N 711 
23 20N 7W 

St-. l>ti D&S b8 11b6 7027 7594 
NF S'~ D&G 82 1176 706.8 7616 
SW SU D&G b6 · 1193 ' 7100 
s;1 SE O&G 66 1168 7076 

Nil NE NW D&A 
IIW NW O,&S 80 1163 6971 7525 

Nil SE II I D&G 80 1187 7000 
SE Nil O&G 61 1194 7012 
w NE oro 82 1167 6963 
SE NE D&G 67 1201 6980 7524 
NW SW D&G 82 

23 20N 7W SE SW O&G 6 7 1185 7032 
23 20N 7W N2 SE NE SE O&G 80 1200 7007 7537 
23 20N 7W 
24 20N 7W 
24 20N 711 

SE SE O&G 6 7 1199 7020 
SE NW DtG 67 1219 6982 7514 
NW liE O&G 78 1212 6938 7480 

24 20N 7W SW NE NW SU O&G B2 1<'13 701& 7555 
24 20N 7W SE SW D&G 67 1209 6990 
24 20N 7W NW SE O&S 68 124 7 7008 
24 20N 7W SE SE OtG 82 1250 7007 7536 
25 20N 7W SU Nil D&A 78 
25 20N 711 NW NW O&G 80 1195 6995 7532 
25 20N 7W NE NW D&G 67 1214 7002 7536 
25 20N 7W SW NE O&S b6 1232 7020 

511 1£ NE O&G 84 1250 6875 
NE SW O&G 68 1<?15 7020 
NE 5E O&G 62 1233 7004 75..'>(1 

57(1 
560 
595 
556 
540 

546 
538 
546 

544 

567 
548 

554 

544 

530 

542 
S3S 

529 

537 
534 

516 

25 20N 7W 
25 20N 7W 
2520N 7W 
25 20N 7W 511 5E D&G 65 1222 7023 7538 515 

3 
12 0.05 
29 0.20 
28 
16 
5 

10 
2 
5 
7 

30 
14 
15 
13 
25 0.06 
23 0.05 
44 0.08 
69 
3 

58 
4 0.04 

33 
20 
12 
60 
7 

12 
6 0.03 

40 0.10 
136 

68 
2 

21 
13 0.04 
5 
5 
9 
4 
6 

31 1.20 
8 0.42 
2 
6 
2 

21 
64 
28 
16 
5 

j(l 

2 
5 
7 

30 
14 
15 
13 
36 
32 
58 
69 
3 

58 
11 
33 
20 
12 
60 
7 

12 
11 
58 

136 

68 
2 

21 
20 
5 
5 
9 
4 
6 

242 
82 
2 
6 
2 
1 

22 22 
14 (1.65 ' 128 
1 1 

28 28 

87 0.40 157 

;> M!SSP MANNG OSWOO 
1 H!SSP StUHR OSWGO 
2 IIISSP 
I MJSSP 
2 HISSP 
2 M!SSP 
2 HI sg:> OSWOO 
I P11SSP 
1 PIISSP 
2 HJSSP 
1 H!SSP 
I HI SSP OSWGO MllNNG fl!NTN 
2 M!SSP OSWGO HIN>IG fJJNm 
2 HISSP 
2 MI SSP OSWGO 
2 M!SSP 
1 t-1I SSP OSIIGO 
2 I'll SSP OS'WGO 
1 IIJSSP OSWGO 
1 HISSP OSWOO 
1 PUSSP OSWGO 
I !!!SSP 
2 M!SSP 
2 MISSP 
I MJSSP 
2 MISSP 
2 I'I!SSP 
I M!SSP 051100 
2 111 SSP oswro 
2 M! SSP OSUGO 

2 VIOlA 
2 MISSP 
1 MISSP 
2 MJSSP HANNG HUNTN VIOlA 
1 MISSP SKINR 
2 MISSP MANNG 
2 MISSP 
2 IIISSP SKINR ~lNG 
2 M!SSP 
1 i'I!SSP MilliNG tv.!NR 
2 MISSP SI(JNR 
I PI!SSP SKJNR PlAtiNG 
2 M!SSP SKINR 
I! SKINR 
1 MISSP SKINR 

2 IHSSP P!llNNG HUNTN 
1 MISSP WUING 
2 IIISSP SI<INR 
1 Sl<INR 
2 i'IISSP 
I VIOlA 
2 MISSP 

29 

14 

15 

64 
42 
96 

10 

16 

140 

18 

16 

38 

24 

2 

1 
2 

2 

2 

2 

5 

5 

5 

5 



168 

SEC TIIP AGE 54 53 S2 51 ST YR B.EV MISSP IIDFRD J!ISISD' llJDIL' lll!lAS' EOOIL 1 LIBJD' miY1 $PAY2 $PAV3 $PAY4 MSPIJR' LTYPE' FJNDR 1 

26 20N 7W SW S: O&S 77 ll63 7002 3 3 2 MISSP 
26 20N 7W 1£ SE O&G 68 ll67 7018 7546 528 10 10 I MISSP mtiNG 'Sf 2 
26 20N 7W NE 114 O&G 76 ll74 7050 7604 ~ ¥1 0.27 92 2 IIISSP IIANNG 
26 20N 7W SW Nil O&G 66 1164 7034 75611 5:1Xl 34 0.25 76 1 IIISSP IWTN IS 2 
26 20N 7W SW NE O&G 67 ll69 7006 7544 531! 126 126 I MISSP MANNG 56 
26 20N 7W SW SW O&G 66 l153 70:1Xl 7556 5..."6 6 6 I MISSP MAtf«l 40 2 
26 cON 7W E2 W2 1£ SW OIG 76 1162 7015 4 4 2 MISSP i'm«l 
2720N 7W 1£ Nil O&G 6& 1179 7090 94, 94 2 IIISSP OSI«ll 
27 20N 711 NE NE O&G &6 ll!lO 7040 7"...&6 soe8 25 25 1 HISSP 49 
2720N 7W W2 NE D&A 1139 70:1Xl 7558 soe8 2 
27 20N 711 NW NE D&A 1 
27 20N 7W SW NW D&A 62 1190 7092 7604 512 1 MISSP 46 I 
27 20N 7W NE SW O&G 67 117:> 7083 7594 511- Jq 14 I IUSSP ro 2 
27 20N 7W W2 SW Slf O&G Ill 11 11 2 MISSP OSWO MANNS 
27 20N 7W ' SW SE O&G 65 115~ 7053 7'578 ~5 9 9 1 HISSP 2& 2 
28 20N 7W NE NW O&G 81 ll22 7074 7&00 soe6 2 2 2 MISSP MANNS IUlTN 
28 20N 711 SW NW O&G 67 1155 7087 21 21 2 MISSP 
28 20N 7W NE NE O&G &6 1197 7123 76!50 soe1 110 0.10 m 2 HISSP OSUGO 
26 20N 7W SW 511 O&G 80 111'2 7074 7600 5..'6 14 14 2 ~~SSP 051100 l'.llNNG IIIJNJ N 
28 20N 7W NE SW O&G 67 1173 7103 7630 527 22 22 1 MISSP 36 
28 20N 7W NE SE O&G 67 1187 7114 7620 506 11 11 2 KISSP 
e9 20N 7W SE SE NW O&G 81 1140 7126 76&0 534 8' 8 1 HI SSP IIIAifiG HLINTN 53 
e920N 7W NE NW O&G &7 1131 7098 14 14 1 MJSSP 
e9 20N 7W SWIll O&G 81 '6 r. 2 MJSSP 051100 MANNS IUITN 
e9 20N 7W SE SW NE O&G 82 1124 7072 7596 ~<!4 14 14 1 Ml SSP 051100 ~Sll#«l fiiJNTN 36 1 
2920N 7W •NW NE DIG &6 1124 '7080 7594 514 2Z 22 1 MISSP 142 2 
e9 20N 711 W2 NE NE Nr: O&G 62 1127 7(168 756B 520 1 1 I'IISSP 72 
29 20N 7W SW SW O&G b8 il31' 71'57 47 47 2 MI SSP MAilNG 
29 20N 7W Sll SE O&S 78 1119 7070 ·7 7 2 I'IISSP IJSI.IOO 
29 20N 7W NE SE O&G 67 1122 7070 14 14 1 MISSP 
30 20N 7W SW NW OtG 67 1193 7251 i794 543 29 29 1 MISSP 22 
30 20N 7W SW NE O&S 67 1169 7209 775& 547 21 21 1 MISSP MANNS 16 
30 20N 7W 114 Ne I.E O&G 79 1164 71&0 m8 556 7 7 1 MISSP 
30 20N 7W SW SW O&G 85 1186 7268 7620 55Z 0.20 36 1 I'IISSP 46 
30 20N 7W 5I SW O&G 68 ll76 7231! 7780 542 12 12 1 MISSP MIV>IIIG 7 
ro 20N 7W NE SW SW SE O&G 82 1169 7182 1 1 2 MISSP 
3020N 7W Sf: SE O&G &6 1148 7182 31 31 2 MJSSP 
31 20N 7W £2 NE SW O&S 81 3 3 2 RDFRK 
31 20N 7W NW NE O&G 67 1164 7219 n61 542 15 15 1 MISSP HlJ/lTN 10 
31 20N 7W SW 1£ O&G 77 1177 7250 7798 548 12 12 1 MISSP 54 
31 20N 7W Sll N~ O&G 80 1194 7272 7826 554 40 0.07 52 1 HlM[N 112 
31 20N 7W SW SE O&G 81 1175 7295 7834 -539 20 20 1 RDFRK 8 
32 20N 7W NE NW OtG &6 1144 7128- 7650 522 12 12 2 MISS!-' RDFRK 
32 20N 7W NW SC IJE Nr O&G 78 1121 7070 75GO 490 5 0.05 H 2 MI5Sr 
32 2oN 7W NE SW O&G 76 1151 7160 7674 514 14 0.12 35 2 JIIISSP 
32 20N 711 SW SW O&G 68 1162 7225 52 0.12 73 2 IHSSP 
32 20N ,7J.I NE SE O&G &6 1121 7074 75&0 486 50 o;!5 76 1 MISSP 1~8 

'32 20N 7W SW SE O&G 70 1128 7114 7599 485 1 Jill SSP Hl.INTN 6 
33 20N 7W 'SW SE O&G 63 ll12 7056 1 MISSP 
3320N 7W NW SE 016 77 1117 7060 7532 472 27 0.40 97 1 JIIISSP MIN>IG HOON 2 
3320N 7W SE SW O&G 78 l116 7052 7528 476 0.24 4Z 1 M!SSP MrnNS H!JNTN 5 I 
33 20N 7W SW Sll Sll OtG 70 1122 7092 7572 480 6 0.40 76 1 IHSSP 1 3 
33 20N 7W Sll NW O&G 76 4 0.05 13 2 IIISSP Sli!NR 
33 20N 7W SU NE NE O&G 79 1168 71(13 7612 509 4 4 2 MISSP mNNG Hl.MN 
33 20N 7W SW 1£ O&G 62. 11&0 7101 1 IIISSP 
34 20N 7W SW NW O&G 81 11&0 7072 7556 484 55 0.15 Ill I J!IISSP 1-WTN 27 
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SEC TIIP RGE 54 Sl 52 51 5T YR ~ ELEV MISSP IIDFRD MSJSD 1 llJOlL 1 a&IS 1 Ellllll 1 LllGGD 1 tmYJ •PAY2 tmY3 tmY4 MSPOR 1 LTYPE 1 FJNDR 1 

34 I?ON 711 Nr. Nil DIG 65 JJ!jJ 7059 7570 SJ2 2(1 20 I MISSP fil111otlG 
34 20N 711 I£ NF D&G 67 JJ31 70?6 7551 ~"5 57 0.20 92 2 KISSP IUITN 
35 20N 711 NE N!4 D&G 81 1163 7038 5 5 I IIISSP 
3520N 711 NE NE DIG 81 1176 7020 7552 532 I IIJSSP IVlNNG IDITN 
3520N 7W Sll NE D&G 65 1151 7010 7548 538 J(l 10 I IIJSSP 10 2 
35 20N 711 112 sw sw D&6 81 1130 7015 7555 540 2(1 2(1 2 IIISSP M HI.MN 
3420N 7W SW SW DIG 66 JJ!)(I 7090 7578 488 43 43 I MJSSP ~ 50 2 
3420N 711 NW Sll D&G 82 JJ59 7093 7580 487 2 2 1 MISSP mNNG IUITN VIWI 10 1 
3420N 7W I£ SE D&6 66 1121 7018 ,7548 530 41 41 I JIIISSP 16 2 
3520N 711• Sll Nil O&G 65 1142 7035 7570 535 140 140 , I MISSP lllliTN 22 3 
3520N 711 1£ SW D&G 67 1129 7010 7557 541 31 31 1 IIISSP 
3520N 7W SW SE O&G 65 JJ52 7034 7574 540 38 38 1 lllSSP 
3520N 7W N2 52 NE ~ DIG 80 USS 7058 7591 533 8 8 I MISSP 16 
36 20N 7W SW Nil DIG 65 1193 7018 75r.8 540 15 15 2 MISSP , 
3620N 7W Nil 1£ NE DIB 82 1217 69"..6 11 0.19 44 2 SI<INR 
3620N 711 SW NE DIS 64 1222 7039 7560 521 9 9 1 MISSP 53 2 
3620N 711 1£ Sll DIS 65 1213 7047 7565 518 34 34 I MISSP 
3620N 7W ,1£ SE DIG 82 1205 7000 7525 525 2 2 I MlssP SKINR 17 
3620N 7W SW SE DIG 66 1205 7035 7556 521 23 23 2 ,MISSP JIIAIJ.IG 
I 20N 811 SE Nil D&G 66 1204 7095 7687 592 us 1.50 382 MISSP 
I 20N 811 Nil NE DIG SO 1185 7022 MISSP 
l 20N ,811 SE 511 DIG 76 1202 7000 MISSP 
1 20N 811 SE Sll SE DIG 68 1,192 7Jit7 7644 497 I IIISSP 20 2 
1 20N 811 52 NE SE Nil DIG 81 1201 14 14 OSWGO 
I 20N 811 1£ SE 511 D&G 84 1201 14 14 DSIIGO 
I 20N 811 Nil SE D&G 77 1181 92 0.16 120 1 OSWGO 
1 20N 811 SENE D&B '79 JJ85 DsWGIJ 
220N 811 Nil Nil DIG 76 1230 7088 IIISSP-
2 20N 811 SW NE DIG &7 1231 7020 7640 620 85 1.58 363 I IIISSP 
2 20N 811 SW SW DIG 68 1216 7122 7684 562 , 1 lllSSP 8 2 
2 20N 811 Nil SE DIG 79 1215 7026 III SSP 
J 20N 8W NE SW NU D&G 82 11?59 71:i5 2~ 0.23 &9 I MISSP 
320N 811 1£ SE NW DIG 81 1240 7152 7740 "588 10 0.10 28 HI SSP 
320N 811 NW Nil DIG 69 1268 7200 7740 540 1 MJSSP 110 
3 20N 811 N2 SE 1£ DIG 82 1220 71(1(1 z z I IUS!JP 
3zON 811 Nil NE DIG 64 1224 7121 &1 0.85 211 1 MJSSP 
320N 811 NE Nil Sll DIG 82 1259 '72(1(1 7752 552 2 2 1 MISSP 10 
3 20N 811 Nil SW DIG 64 1230 7180 7722 542 JJ 1,1 1 IIJSSP 17 2 
3 20N 811 SE Sll DIG 69 1250 7208 7752 544 17 0.20 52 1 MISSP 
3 20N 811 Nil SE DIG 63 1215 714& 772& 580 25 25 1 MISSP 11 2 5 ., 
4 20N 811 ttl Nll D&G 68 1262 7222 7765 543 28 0.80 1&9 1 IIJSSP 11 1 I 
4 20N 8W Sll SE Nil D&G 81 1270 7202 ' 11 -0.12 32 I IIISSP 
4 20N 811 Ml N': DIG &9 1265 7177 7740 563 18 18 I MJSSP 71 
4 20N 811 SE NE DIG 80 1260 7194 7750 556 35 0.06 46 I MISSP OSWOO IDITN 34 
4 20N 811 Nil Sl4 D&G 69 1269 7256 7810 554 51 51 1 IIISSP limN 44 
4 20N 811 N2 52 SW SE- DIG 80 1266 7233 4 0.06 15 III SSP 
4 20N' 811 Nil SE DIG 64 1254 7210 7747 537 19 19 1 MISSP 3 2 
5 20N 811 Nil Nil D&S li9 1267 7257 7804 547 '4& 46 l MISSP IIJNTN- 19 1 
5 20N 811 S11 Nil DIG 70 1263 7256 7810 554 88 88 l IIJNTN 75 I 
5 20N 811 SW II: DIG 70 12&7 7258 7818 560 li 6 1 IIJNTN 36 1 
5 2011 811 SE 1£ 0&6 80 1269 7206 78(1(1 594 2 2 I MISSP IFJNTN 13 1 
5 20N 811 Nil 1£ DIS 69 1261 7220 7762 542' 84 84 I MISSP HllNTN 5 1 
5 20N 811 E2 112 HE SW DIG 71 1268 7279 7850 571 1 HllNTN 7 1 
s 20N 811 SW 511 DIG 69 1280 7285 7874 589 I HI.NTN 8 2 
5 20N 811 SE Sll D&G 66 1272 7278 7850 572 182 0.70 305 1 MISSP 12 1 
520N 811 511 SE D~Y , 70 1269 7284 7829' 545 1 3 3 



170 

SEC TliP RSE 54 S3 S2 Sl ST YR ELEV MISSP IIDFRD MSIS0 1 CliOIL' CIJSAS' EOOIL' LOGGD' tPAYI SPAY2 tPAY3 .PAY~ I!!POR' LTI'PE' FINDR' 
520N 811 Nil SE 016 f>9 1272 7250 7807 1 NISSP HUNTN 
520N 8W SE SE SE DIG 8fl 1268 7270 7809 539 I 1 1 MISSP 12 
5 20N 8W SE SE D16 f>8 r,r, r,r, fUlTN 
f>20N 8W SE Nil DIG f>9 1274 7260 7870 610 9 9 I MISSP OSlGl WtiNG 
620N 811 N2 SW Nil Nil DIG 79 128(1 72f>O 4 4 1 MISSP 130 
620N BW 5E 1£ D&G 69 1275 7258 7824 5f>f> 52 52 1 MISSP DSWGil HltlTN 8 
6 20N 811 E2 SW DIG 78 1277 7312 7901 589 I I I IIISSP 15 
f>20N sw_ SESE DIG 68 1274 7296 7884 588 164 164 I MISSP IUfiN 
7 20N 811 SW Nil D&G 81 1283 7314 7913 599 I 1 1 MISSP 22 
7 20N 8W NE Nil D&G 69 1285 7300 7912 612 20 20 I MISSP 8 
7 20N 8W m! ~ DIG 8L 1281 7322 7897 575 I•' 1 MISSP DSWGD 
7 20N 8W 1£ 1£ DIG 69 1263 7288 7886 598 417 417 1 IIISSP HUNTN 
7 20N 8W ' $1 S\1 DIG 81 1274 7359 7969 610 10 10 · MISSP 
720N 8W HE S,j D&G f>9 1275 7330 7944 614 1 1 I MISSP 2 I 
7 20N 811 Nf S!: DIG 68 1279 7318 7924 f>06 5 5 I I'll SSP HUNTN 9 2 
8 20N 811 SW Nil DIG 69 1273 7290 7902 612 253 253 1 IIISSP HUNTN 8 
8 20N 811 NE Nil DIG 71 1272 '7274 7864 530 1 MISSP fi-MN 
820N 811 112 Nil DIG 76 1276 7285 7894 609 3 3 1 MISSP HIJNTN 30 
820N 811 SW NE DIG 69 1275 7280 7870 590 375 o.r.o 481 1 IIISSP HIJNTN 
820N 811 NE Sil DIG f>8 1275 7282 7900 618 212 212 I IIISSP HUNTN 6 
820N 8W 112 SII·D&G' 82 12n 7310 7928 618 2 2 I MISSP 121 
8 20N 811 Nil SE DIG 79 1266 7290 7900 610 1 MISSP i'IAII9IG 2 
820N 811 SE NE SE D&G 80 )270 7311 2 2 IIISSP DSIIGO HUNTN 
820N BW SW SE D&G 69 1275 7298 7912 614 25 25 1 HUNTN 22 
9 20N 8W SW Nil D&G 69 1272 7236 7864 628 10 10 1 IIISSP 9 
92(1N 811 SE SE Nil DIG , 80 1215 7272 '7827 S55 11 11 flllSSP HUNTN VIllA 
920N 811 Nil NE OIG 74 II 11 Ill SSP 
920N 811 N2 S2 SE SE O&G 79 1276 105 105 HUNJN 
920N 811 NE Nil Sll SW DIG 80 1269 7298 '7892 594 16 16 1 MISSP 
9 20N 811 Nil SE DIG 80 ' 1275 7265 7838 573 9 9 MISSP 
9 20N 811 1£ Sll Sll SE D&G 80 1278 7272 7827 555 1 1 HUNTN 
920N 811 1£ SE 0&6 f>8 1,271 7268 7844 576 7 7 1 IIISSP 12 

10 20N 811 Sll NE Nil O&G 81 1249 7234 5 5 NlSSP IWTN 
10 20N 811 Sll Nil DIG r,s 1267 7234 7817 583 46 0.25 90 1 IIISSP 10 
10 20N 811 N2 Sll HE NE DIG 81 1223 71f>O 7724 564 2 2 I lllS!iP lliiTN 52 
10 20N 811 , Sll NE O&G f>8 1231 7180 7755 575 86 0.10 104 I lllSSP 72 
10 20N 811 N2 NE Sll D&G 79 1234 7193 7796 f>03, 7 0.10 25· 1 IIISSP HIJNTN 26 
10 20N 811 S11 Sll DIG 69 1272 7268 7858 590 3 3 IIIISSP 11 
10 20N 811 SW SE D&G f>8 1248 7204 7782 578, 20 20 1 IIISSP 4 
1120N 811 Ml Mol D&B f>8 1203 7140' 7680 540 78 78 IIIJSSP 
1120N 811 NE S11 NE D&G 1'>7 1197 7126 95 95 I MISSP 
1120N 811 NE Nil SE D&G 79 1228 7104 7706 602 9 9 MISSP 
1120N 811 Nil SE SE DIG 79 1174 7134 7728 594· 4 4 III SSP 
11 lWN 811 Mol SE DRY 25 
12 20N 811 112 ~ Nil DIG 68 1194 7062 7680 r;JS 42 0.90 200 I MISSP HUNTN 22 
12 20N 8W , Sll NE DIG f>f> 1169 7038 7646 608 128 0.25 172 IIIISSP 19 
12 20N 811 Nil Sll DIG 69 1163 7064 '7680 616 33 33 I IIISSP 50 
12 20N 811 Nil SE SE DIG 78 11f>O 7092 5 ~ III SSP 
13 20N 811 Nil Nil DIG, 68 1188 7118 7714 596 27 27 III SSP 
13 20N 811 Nil I£ DIG 69 1171 7108 7705 597 56 0.04 63 I IIISSP 47 
13 20N 811 Nil Nil Sll O&G 69 1196 7172 7780 &08 15 15 MISSP 
13 20N 811 SE SW DIG 82 ' 1200 7214 77~ 572 I , I 1 IIISSP 17 
13 20N 8W SESE O&S 78 5 0.04 12 Ill SSP 
13 2(1N 811 161 S: OIG 68 1184 7146 7734 588 24 24 1 IIISSP 74 2 
14 20N 811 Nil Nil DIG 68 1233 71f>O rna 598 16 16 I IIJSSP I4AiflG 16 1 
14 20N 811 SE NE DIG f>8 1205 7151 7738 587 42 0.22 81 I MISSP 14 1 
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SEC TIIP RGE S4 SJ 52 51 ST YR ELEV MISSP IIDFRD IIISISO' COOIL' llJSAS' EIIOIL 1 LDGGD' tlliiY1 fi'IIY2 tlliiY3 tPAY4 JIISPDR' LTYPE 1 FINDR' 
14 20N 8W NW SW O&G 81 1243 7229 77% 568 1 l l MISC'..P 17 I 1 
14 2011 8W NE SW O&G 69 1235 7228 7806 :;so 10 10 I HISSI• II I 
14 20N 811 Sll Sll Sll D&G 81 11?4:! 7c74 7846 572 2 2 I ltiSSP truiiTN 54 1 
14 20N 811 52 52 SE SE D&G 81 1213 7?32 7824 :;gz ·- 3 3 I HIS!iP 3 
14 l!ON 8W SW SE-O&G 60 1218 7234 7008 574 I MllNIIG 38 2 
15 20N 811 NE NW 0&6 69 1272 7250 7842 592 3 3 I HlMN 42 I 
15 20N 811 52 •N2 511 Nil O&G 79 1264 7270' 7850 580 5 5 IIJSSP HtJUTN 
15 20H 811 NE SU SW NE D&S 82 1270 7259 7848 - 589 2 2 lruNTN 
15 20N BW• SW NE O&G 69 1269 7262 78$ 594 IB 18 I HISSP I!JNTN 32 
15 20N 8W 52 N2 NE NE DRY BO 1238 7182 7765 583 
15 20N 811 sw.su O&G 68 1274 72'36 7900 604 ~6 46 1 IIISSP 9 
15 20N 8W NW NE SU D&G 85 1275 7270 7870 600 2 2 I MISSP IWf.JG 34 
15 20N BW SESE D&G 81 1263 7254 7834 580 62 b2 I lOON 25 
15 20H 8W Nil ~ Nil 5I; O&S 81 1270 7232 7795 "563 33 33 ll.lNTH -
16 20N 8W NE NE D&G 80 1270 7294 7906 612. 6 6 I HISSP 
16 20N BW SW Nil D&G 69 1270 7303 7913 610 2 2 1 MISSP • 15 
16 20N 811 N2 Nil Nil D&G 79 '1272 11 II MISSP 
16 20N 8W NE sw NE NE D&G 80 1276 7294 7901 607 6 6 HISSP HIJNTN 
16 20N 8W Nil Nf . D&G 79 1274 7270 7867 597 68 0.20 103 I llllTN 45 
16 20N 8W SW Sl-1 D&G 68 1269 7306 7910 ~ 23 0.20 58 I MISSP 74 
16 20N 811 Nil SE O&G 82 1276 7316. 7900 584' 5 5 I HISSP HA'-ING 4 
16 20N 8W NE SE D&S 69 1274 7286 7890 604 3. 3 1 HISSP Hlltflll 
17 20N 811 Sll NW D&G 82 10 10 I HISSP ' 19 
17 20N BW NE Nil D&S 69 1278 7322 7929 607 'I I I MISSP II 
17 20N 8W Sll NE D&G 69 1275 7324 7931 607 I I 1 MISSP HllN'IG 19 
17 2011 8W Nil If N: O&G 81 1272 7304 7918 614 I MJSSP 132 
17 20N 811 SW S!:. O&G 82 - 1266 7334 7950 616 I MIS".,P 13 
18 20N BW SW NE D&G 80 1264 7360 7953 593 JIIISSP 
18 20N 811 NE NE O&G 69 126 7 7·332 7946 614 1 I'IISSP 112 
18 20N 811 SW Sll O&G 69 1258 7390 8013 623 2 2 I I'IISSP MillfiG 16 
18 20N 811 Sll SE· O&S 69 1257 7390 8000 610 1 I 1 MISSP 22 
19 20N sw SW 511 O&G 68 1<!45 7420 _8033 613 16 0.10 34 I MISSP HlMN J 
19 20N 811 SW 5I: O&G 69 1241 739!! 8008' 610 16,' 16 1 MISSP I 
20ZON ew Nil SE D&G 77 1259 7350 7962' 612 4 0.20 39 I MISSP Hl.lllrN 17 
21 20N 8W SW Nil DRY 
21 20N 8W 511 NE D&ll 69 1276 7324 7918 594 B 3 IIUSSP 
21 20N 811 Nil 1£ NE O&G 81 1275 73!'0 7908 598 s 0.02 12 1 MISSP 58 
21 20N 8W Sll SW O&G 62 1258 7340 7936 596 23 23, I IUSSP 58 2 
21 20N 811 SU SE D&G 69 125Ei 7323 '7897 574 8 8 MJSSP HI.WTN 
2220N 811 SUNil D&S 68 1283 7328' 7916 588 3 3 I I'IISSP 5 
22 20N 811 1£ Nil 0&6 83 1287 7300 5, 5 MISSP fUITN 
2220N 8W SENE DRY 69 1276 7318 7884 566 
22 20N 8W NE NE O&G 81 1276 7297 7878 581 65 65 MISSP llJNTN 
2220N 8W SW SW O&S 81 1281 73"..0 7932 582 1 I 1 SMPSN 6 
22 20N 8W NE SW O&G 68 1280 7332 7906 574 5 5 MISSP 
2220N 811 Nil SE SE SE D&S 76 1270 7321 7871 550 MISSP HI.WTN 
22 201l 8W SU SE O&G 68 1280 736(1 79:;4 594 10 ' 10 , I JIIISSP 8 
23 20N 811 SW NW D&G 68 1272 7J02 7874 572 19 19 I MJSSP HlllTN 
23 20N 811 S£, Nil DRY 77 1238 7300 7882 582 1 5 
23 20N 811 NE NE D&G 61 1m 7253 20 20 HI SSP 
23 20N 8W SW SW D&G 67 1262 73<16 7860 '134 515 1.24 733 HISSP HUNTll 
23 20N 811 SW SE D&G 68 1266 7320 7890 570 13 -IJ I IIISSP 3 
24 20H 8W Nil Nil DRY 80 1209 7244 7814 570 
24 20N 8W 112 E2 SE Nil O&S 79 1218 7270 7824 554 ' IIISSP DSIIGO 

- 24 20H BW IIIII£ D&G 69 1202 7210 7814 604 ll II 1 JIIISSP 54 2 
24 20N 811 SU NE SW O&S 80 1232 7290 7898 608 7 7 IIISSP RDFRK mNNG HUNTN 



172 

SEC TIIP RGE 54 53 S2 Sl ST VR ELEV IIISSP UDFRD 1'1SIS01 CUOIL' CU6AS 1 EOOIL' LOGGD' SPAY! SPRYZ SPAY3 SPR¥4 JIISPOR' LTYPE' FJNDR' 
24 20N 811 SW SW O&S 67 1232 7300 7862 5£Z 43 49 MISSP OSWGO 
24 20N 811 SW SE O&G 81 1201 7250 7830 5 5 1 MISSP W!NilG 18 
25 20N BW NE NU O&G 67 1212 7290 7854 564 14 14 1 MISSP 9 
2520N 811 NE 1£ O&G 68 1188 7251 7820 569 25 25 I MISSP MilNII> 9 
25 20N 811 NE SW O&G 67 12ll 7341 7918 577 14 14 1 IIISSP 8 
25 20N 811 SW SW O&G 80 4 4 IIISSP OSIGJ lruNTN 
25 20N 811 NE SE O&G 67 ll90 7276 7816 54(1 47' 47 III SSP 
26 20N 8W . SW NU O&G 67· 1278 7318 7870 552 834 0.86 985 11AMN 2 
26 20N 811 NE Nil O&G 78 1274 7331 7890 559 1 I IIISSP flJNTN 
26 20N 811 N2 52 1£ NE O&G 81 1247 7338 7916 578·. 5 0.10 23 I MISSP flJNTN 28 
26 20N 811 SW NE O&G 67 1251 7346 7918 572 45 45 1 MISSP 6 
26 20N 8W NW SW O&G 87 1272 7365 7888 523 llJNTtl 
2& 20N 8W sw sw 0&6 67 1268 7398 7924 526 IIISSP HUNTN 
2& 20N 8W NE 5I; 0&6 67 1241 7387 7956 569 40 40 I MISSP MAUNG 28 2 
26 20N 8W . SW· SE 0&6 78 1263 7430 7996 566 5 5 1 M!SSP lruNTN 85 1 
27 20N 8W 5E NW O&G 68 1286 7412 8000 588 8 8 1 JIIISSP 48 2 
27 2(1N 8W NW 5E NE NE O&G 81 II!SSP ~ITN 
27 2(1N 8W NE NE O&G 68 1278 7335 7894 559 637 0.24 679 ·. I MISSP HUNnl 35 
27 20N ew SE SW O&G 68 1266 7452 8031 579 9 9 I I'IISSP 62 
27 2011 8W NE SW O&G 81 1274 7425 8014 589 13 13 1 MISSP 178 
27 20N 8W NE SE O&G 68 1276 7366 7906 540 563 563 1 IUITN 6 
28 20N Bll SW NW O&G 82 1243 7351 7933 582 15 0.15 ' 41 I SMPSN 7 1 
28 20N 8W SE NE O&G 69 1259 738(1 7984 604 u. '11 1 MISSP 54 2 
28 20N 8W SW SW O&G 63 1237 7366 7930 564 . 18 18 1 MISSP 34 2 
28 20N 8W 5E SE O&S 68 1248 7408 8008 600 4 4 I MISSP 4 
29 20N 811 llll t.'W O&G 69 1248 7392 8000 608 36 36 1 MISSP 19 
29 20N 8W Sllll" O&S 69 1256 7380 7975 59& 3 9 1 MISSP 10 
29 20N 8W SE NE NE O&G 81 1249 7351 7948 597 4 0.40 74 I JlliSSP HlHTN 14 
29 20N 811 Nl HJ O&G 69 12,3 7386 7990 1 1 1 MISSP 8 
2920N 8U NE SW SW !:II O&S 81 1242 7401 8002 601 16 0.20 51 1 I'll SSP MiltlNG HUNTN 34 
29 20N 8W N[ tr O&G 63 1241 7362 7954 592 21 0.25 65 I MISSP 3 
3020N 811 llE Nil O&G 80 1249 74?6 8046 620 6 6 MISSP 
30 20N BW NE sw sw NE O&G 82 · 1246 7416 liozr, 610 11, 1l 1 I!ISSP !WING 34 
30 20N Bll sE NE 5E O&G 81 1260 7424 8023 599 16 16 1 MISSP 14 
30 20N 8W Nil fF O&G 69 1247 7430 8036 606 18 18 1 HISSP fWTN 10 
31 .2(1N 8W NW t,W OtG 79 14 0. OJ 16 MIS"oP f!UtHN 
31 20N 8W Nil NE O&G 69 1244 7452 8052 600 88 0.10 106 1 MISSP 4 
31 20N llW NE SW O&G 80 123& 7530 3 3 MISSP OSWGO 
31 20N 8W SW SW O&G 74 1220 7544 8116 572 6 6 1 III SSP 051100 4 
31 2QN 8W NE 5E O&G 80 1233 7500 8045 54s 1l 1l MISSP fWTN 
32 20N 8W NW NW O&S 69 123& 7420 8004 58.4 1 I 1 IIISSP 6 
32 20N 811 SE Nil O&G 81 1247 7445 8004 559 I 1 1 III SSP OSWGO 42 
32 20N BW Nil NE O&G 68 1233 7410 7970 560 14 14 1 MISSP . 28 
32 2(1N sw SW SE NE O&G 81 122:5 m2 7986 544 2 2 1 I'IISSP 26 
32 20N 8W SE SW O&G 64 1225 7450 12 12 1 IIISSP 
33 20N 8W SW Nil O&G 79 1239 7427 7987 560 I 1 1 IIISSP IJWING 17 
33 2(1N sw SW 1£ O&G 69 1240 7432 7996 564 8 8 1 IIISSP Milllt.fG 26 2 
33 20N 8W SW SW O&G 71 1234 7486 8066 580 41 41 1 III~ mtflll HOON 16 I 
33 20N 814 5E NE SE O&S 72 1243 7-m 8050 574 38 38 1 IIISSP 25 1 
33 20N 8W NE NE DRY 81 1241 7440 7992 552 
3420N 8W SW NW O&G 68 1246 7470 8009 539 81 81 1 MISSP 2 1 
3420N 8W NE 1£ O&G 68 1279 7472 8044 572 125 125 1 MISSP HlmN 20 1 
34 20N 8W SW NE O&S 81 1252 7476 8032 556 2 2 1 MISSP fi.WN 116 I 
3420N 8W SE 5E SW O&G 71 1232 7450 8012 562 42 42 1 MISSP fWTN 70 2 
34 20N 8W NE SE O&S 69 1255 7450 8026 576 67 67 1 HI SSP HUNTN 20 
35 20N 8W E2 NE NW O&G 67 1265 7428 8000 .572 54 54 1 MISSP 20 



173 

SEC TWP AGE S4 SJ !X' Sl ST VR ELEV IIISSP IIDFRD IISISO' CUOIL 1 llB!S' E'll01L 1 LIIGGD' AYI SPAY2 tPIIYl $PAY4 IISPOR' LTVPE'' FINDR 1 

J5::0N sw SW t.J; D&B 82 1265 7418 7976 558 12 12 I IIISSP IWTN 17 
3520N sw 511 511 NE D&6 81 1257 7432 8000 568 11 0.10 29 I MISSP ~ HtMTN 54 
35 2!1N sw 511 tE NE D&B 82 1251 739& 79"".J2 55& 8 8 I MISSP WITN 40 
3520N 8W NE NE Q&G &7 1250 7408 7968 s6o 16 16 I MISSP 
J5 2!1N sw Sll Sll D&6 81 1255 7422 1'if17 '555 3 3 ,,1 MISSP 29 
3520N sw NE 511 D&G 68 12""...8 7448 8012 5&4 147 147 I IIISSP 18 
3520N 8W NE SE DIS 68 l~:i 7426 8004 578 1 IIISSP 16 
3520N 8W 511 SE D&G 82 1255 7410 795(1' 540 4 4 1 MISSP RDFRK HtMTN 46 
3620N 8W NE NW D&G 68 1220 7336 7890 554 19 19 MISSP 
36 20N 811, SW NW D&6 77 1237 7372 7944 572 8 ' 8 1 IIISSP 30 
3620N sw NE NE NW D&G 82 1219 7324 7866 542 5' 5 1 MISSP IUHN 8 
3620N 8W , ' Sll NE DIG SO 1236 7295 n87 492 5 5 1 MISSP IUHN 5 
362M 8W NE NE D&G 68 1201 7308 32 32 III SSP 
36 20N 8W -SW~D&679 1255 7366 7892 526 5 5 1 IIISSP mNN6 I 
3620N sw NE SE DIG 81 1196 7296 7~4 528 23 23 1 HUNTN 19 I 
36 20N 8W SESE DIG 67 1216 7272 7806 534 25 25 I MJSSP 55 2 2 
I 20N 911 NW Nil D&G 69 1283 7280 7862 582 4 4 I IIISSP MMtoiS 138 2 
I 20N 911 Sll NW DIG 75 1276 7274 '787o 59& 3 0.16 31 'I MISSP 40 
I 20N 911 SW sw O&G 76 1270 7294 7924 630 14 0.85 164 I IIISSP JIIAif«l 12 
1 20N 911, SE SE DIG 69 1280 7312 7914 602' I I 1 IIISSP DSII6D 1 
220N 911 NW NW o&G, 11 1257 7388 7987 599 9, g 1 IIIS9l - 18 
2 20N 911 NW NE D&G 69 1275 7336 }92o 584 24 24 I IIISSP MIII!IS 226 
220N 911 SE' SW O&G 85 1264 7.336 7922 586 2 0.09 18 1 IIISSP 48 
2 20N 911 NW SW DIG 75 1249 7346 79""...0 604 5 '0.~ 160 1 MISSP ~ 218 
2 20N 911 Nil SE D&G 75 '1267 7294 7896 602 IS 0.85 165 1 III SSP l'lllNNS 12 
320N 911 Nil NW DIG 75 1233 7492 8094 602 5 0.38 72 1 MISSP 26 
3 20N 9W NW Nr O&G 70 1247 7474 80~ 618 7, 7 I lllS!ll' lllli·Nl 13 
3 20N 911 NW SW O&G 70 1233 7510 8074 564 '36 36 III SSP 
3 20N 911 Nil SED&~ 75 1244 7428 8046 618 22 1.05 207 1 MISSP mtflG 62 
4 20N 9W NE NE Nil 0&6 78 1241 7468 3 0.07 15 MISSP 
4 20N 9W SW NE 0&6 69 1228 7468 8064 ,596 -64 64 1 MISSP Hlllflil 22 
4 20N 911 Nil Sl4 0&6 69 1225 7466 8074 608 76 2.08 442 I IIDNTN 9 
4 20N 911 NE SW D&G 80 1235 22 0.20 57 IM'lTN 
4 20N 914 NW SE Nil !iF D&G n 1231 7488 8090 602 29 0.68 149 1 IIISSP IUITN 20 
4 2011 911 SE Nil sr H DIG 82 1232 7518 8114 ,596 44 0.25 88 I 1M/TN 102 
5 20N 911 U2 E2 Nil ~ O&G 69 1231 7512 8120 608 43 '0.16 71 1 IIISSP 25 
520N 911 NE SW DIG 70 1204 7484 8076 592 6 2.09 374 1 IIISSP IM'lTN 18 
5 20N 911 NE SE' DIG 69 1232 7483 BIOS 625 164 3.44 769 1 IIISSP HIIITN 
620N 914 N2 N2 SW NU 0&6 71 1199 7508 8157 649 28 0.45 107 IIISSP HlJNTN 
6 20N 9W NW NW NE D&B 73 Jl98 7"...o& 8122 616 36 3.22 603 1 II.IHm 19 
620N 911 Sll Sf 511 DIG 82 1185 75S6 8182 626 29 0.36 92 I IIISSP INOI..ll rmNG 98 
620N 911 NE SU DIG 70 Jl80 7506 8136 630 54 0.02 58 MISSP MANNS 
6 20N 911 NW NE NW SE DIG 70 Jl89 7477 8096 619 330 3.48 942 1 HUNytl 21 
7 20N 911 S2 SE' NU 016 81 ll72 7516 8126 610 4 4 1 MISSP 43 
7 20N 9W Nil NW DIG 70 1183 7566 8198 632 186 0.72 313 1 IIISSP 
720N 911 SU NE O&G 69 1180 7500 8106 ".606 17 17 I lllSSP 
7 20N 911 'NE NE DIG 12· US., 7506 8100 594 61 0.32 117 I MISSP MANI48 58 2 
7 20N 911 NW 511, DIG 71 1172 7496 8116 620 13 13 1 IIISSP HJNTN 22 1 
7 20N 911 U2 SE 511 DIG 81 6 6 III SSP 
7 20N 911 SW SE DIG 69 1185 7514 81Z2 608 92 0.15 118 I IU!TN 30 
S20N 911 NE NU D&6 71 1202 7"..03 8104 601 38 0.06 49 I MlSSP 32 
8 20N 911 NE NE DIG 70 1221 ,7508 8118 610 129 129 1 KISSP I«JNTN 61 
s 20N 911 5E NE D&B 79 1214 7498 8094 596 II 0.07 ?3 I MISSP mNNG 46 I 
8 20N 911 NW SW 0&6 70 JIS7 7528 8104 576 24 24 1 IIISSP 70 I 
820N 9W SE' SW DIG 79 1205 7512 8102 590 27 0.23 67 I JIIISSP 132 1 
8 20N 911 NU SE' D&G 65 1209 7530 8112 582 so ' 80 I IIISSP 26 2 2 



SEC TWP RGE S4 S3 Si' Sl ST YR El.EV tl!SSP WDFRD MSJSO' CUO!L' CUGilS 1 EllOll' LOGGD' $PAY! $PilY2 $PAY3 tPAY4 I!SPOR' LTYPE 1 FJNDR' 
8 20N 9W SE SE D&G 78 1215 7471 8052 581 31 0. 33 89 1 MJSSP 12 I 
9 20N 911 NW I•W O&G 71 1218 7497 8035 538 36 0,63 147 I IUiTN 70 I 
9 20N 911 N2 NW Sll NE DRY 70 1221 7490 8086 596 
9 20N 911 52 SE NE O&B 86 1229 7452 8054 602 
9 20N 911 NW NW NE DRY 72 1221 7490 8088 598 
9 20N 911 N! Fll DIG 65 1219 7450 8026 576 
9 20N 9W S2 &2 0&6 68 1225 ' 7468 8058 590 
9 20N 911 SE SE O&G 85 1224 7400 7988 588 

10 20N 911 
10 20N 9W 
10 20N 9W 
10 20N 911 
10 20N 911 

SC IIW O&G £.3 1233 7380 7980 
NE NW DIS 71 1243 7428 803<• 

S11 Sll NW 0&6 8& 1224 7433 '8030 
HE NE O&G 79 1237 -7336 , 7940 
Sll Sll OIG &9 1230 7301 7961 

600, 

602 
597 ' 
604 
580 

10 20N 9W NE 5I; O&G 76 1241 7350 7944 534 
II 20N 9W Sll NW O&G 77 1243 7340 7934 594 
II 20N 9W HE HE O&G 76 12Gb 7322 7912 590 
II 20N 9W Sll Sll O&G 71 1249 7378 7960 582 
II 20N 911 NE Sll 0&6 62 1247 7356 
II 20N 9W E2 112 NE SE O&G 77 1265 7360 7944 584 
12 20N 911 Sll NI-l O&G 7& 1269 7340 7932 592 
12 20N 9W Sll Sll NE OIG 77 1274 7338 7954 616 
12 20N 9W NE NE O&G 70 
12 20N 911 NE Sll O&G 69 1274 7364 7992 628 
12 20N 911 Sll 51-1 O&G 78 1269 7367 7972 605 
12 20N 9W NE SE O&G-69 12/3 7336 7950 614 
12 20N 9W Sll SE DIG SO _1282 73611 7990 622 
13 20N 911 Sll NW O&S 81 1~9 7386 8004 618 
13 20N 9lol NE Nil O&G 69 1261 7370 '7980 610 
13 20N 9W 112 E2 Sll SW O&G 80 1253 mo 8022 592 
13 20N 9W SW SE OtG 81 12~9 7431 8005 574 
ll 20N 911 HE SE 0&6 80 1257 7412 8000 _ 588 
14 cON 9W NW NI-l O&G 78 m5 7390 79_80 590 
14 20N 911 Sll IJW O&G 68 1235 7398 8003 605 
14 20N 911 NW NE 0&6 78 1258 7375 7954 589 
14 20N 911 E2 E2 SW O&G 81 124 7 7406 7986 580 
14 20N 911 SW Sll O&G 73 1241 7410 
14 20N 911 E2 SW Sll SE O&G 80 1242 7380 7980 600 
14 20N 9lol N! SE O&G 69 1240 7376 7960 584 
15 20N 9W N2 52 SE NW O&G 70 1231 7410 8000 590 
15 20N 9W NE O&G 78 1235 7408 8004 596, 
15 20N 9W SW O&G 82 1230 7448 8039 591 
15 20N 9W HE NE SW SE O&G 83 1234 7436 8022 586 
16 20N 911 NW NE SE NW O&G 76 1221 7458 8042 584 
IIi 20N 911 NE Sf NW OKG 6\ 
16 20N 911 NW NW O&G 62 1228 7450 8034 584 
16 ~ON 911 1£ 1£ 51-1 NE O&G 80 1235 7420 8002 582 
16' 20N 9W Nl S• O&G 65 1222 7450 8028 578 
16 ~ON 9W SE NW SE O&G 81 1244 7450 8024 574 
17 20N 911 SE Sll O&G 67 1201 7414 8012 598 
17 20N 911 
1720N 911 
17 20N 911 
17 20N 911 
18 20N 9lol 
Ill cON 911 
18 20N 911 

NW NW O&G 67 1195 7518 8102 584 
Sll NE 0&6 64 1205 7442 8046 604 
NW. sw ots 12 1200 7452 8075 623 
NE SE O&G JO 1210 7450 8046 596 
SE NW 0&6 82 1208 7510 8112 602 
NW NW O&G 69 1193 7526 8122 596 
Sll NE O&G 68 1198 7545 8145 • 600 

4 

13 0.91 
10 0.58 
I 
6 (1.35 
2 0.02 
3 0.45 
6 1.00 

173 
112 

I 
68 
6 

82 
Ul2 

8 0.17 38 
8 8 
4 4 
4 0.42. 78 
5 5 
4 0.14 29 
9 0.19 42 
2 0.01 4 
2 2 
2' 2 
4 0.12 25 
3 3 
4 (1.19 37 
5 5 
3 0.(13 8 
2 2 
1 
2 0.10 20 

34 0.25 78 
12 12 
8 0.14 33 

31 . 2.13 406 
3 3 

34 2.20 421 
17 . 17 
19 o. 77 !55 
4 0.25 48 

13 1.24 231 
I 0.03 6 

80 o. 73 208 

0.86 151 
43 0.(19 59 

271 5. 34 1211 
8 0.48 92 

35 0.22 74 
78 0.26 

118 0.25 
41 0.14 
15 0.35 
5 

31 
73 

124 
162 
66 

'77 
5 

31 
73 

I MISSP 
,I 
I HISSP 
I IHSSP 
I Ill S<'.>P HlWTN 
I MISSP 
I MJSSP I'IANNG 
I MISSP 
I HJSSP 
I MISSP 
1 MISSP lfll.l~lG 

I JIIJSSP 
I JlliSSP 
1, MJSSP MllNNG 
I MISSP MANNG 
I MJSSP i'I'UfJG 
I IIISSP IIAN!lG 
I Ill SSP MIINNG 

HJSSP 
I MISSP 
I Ml SSP IIANIJG 
1 MJSSP 
I MJSSP 
1 OSWGO 
1 MJSSP 
I MJSSP 

MJSSP Hl.IIITN 
I MJSSP 
I IH SSP IIAN!IG 
I I'IISSP 
1 I!JSSP MllNNG 
1 lltlTN , 

"JSSP 
I HUNTN 
J MJSSP 
I li!JSSP 
I MISSP 
1 IUNTN 
I MISSP 
1 HUIITN 

INOLA 
1 MISSP HUNTN 
I IIJNTN 
I MI SSP HlJNTN 
I MJSSP 
I MISSP 
I MJSSP 
1 MJSSP 
I IIISSP 
1 I'IISSP llllttlG 
I MISSP 
I I'IISSP 
I IIISSP -

16 

18 
II 
62 
20 
8 
1 

78 
138 
26 

24 
2 

17 

38 
3 

87 
14 
20 

126 
36 

16 

2 

58 

39 
II 
26 
11 
44 
48 
21 

6 
~8 

14 

19 

42 
84 

102 
24 

2 
I 

4 
I 
2 
I 

2 

1 
2 
2 
4 

2 

2 
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SEC TWP R6E S4 Sl S2 Sl ST YR ElEV PIISSP WDFRD Jl!SISO' CUOIL' CUSAS 1 EIIDIL' LOGGD' SPAY! SPAY<! SPAY3 SPAY~ IISPOR' LTYPE' FINDR' 
18 20M 911 NW SW D&6 69 1207 74~ 9060 596 1(19 1.25 329 I MISSP HI.INTN 42 1 I 
18 20N 911 S2 W2 SC D&G 6B 1210 7476 8092 616 eo 0.30 133 I MISSP 10 4 
19 20M 911 NW Nil D&6 70 1206 7508 8106 5')8 12 12 1 .MISSP 
19 20N 911 NF n: O&G 82 1210 7468 &.172 604 3 0.07 15 I Ml SSP Hlllffil 68 
19 20N 9W SE SW OIG 81 1212 7S50 8138 588 7 0.05 16 1 MISSP 81 
19 20N 911 Nll E[ O&G 67 1201 7519 10 10 M!S5P 
20 20N 911 SE SW NE kW O&B 76 1241 7476 8072 596 5 5 1 MISSP 60 
20 20N 911 SW NE I.W OIB 81 !.21 m RDFRK 
20 20N 911 NE SW NE 0&6 70 1207 7444 8038 594 14 14 I mtfJG 8 
21 20M 911 SW NE I.E 114 D&G 69 1218 7440 8024 584 13 0.08 27 IMi~' 4 
21 20N 911 SW NE O&G 66 1219 7450 8036 51!6 25 25 I M!SSP 24 I 
21 20N 9W SW Nr ~'E DRY 67 1232 7450 8038 588 1 2 
21 20N 911 NW SW D&6 83 1207 7454 8044 590 1 MISSP mNNB 34 1 
21 20M 9W SE SW O&G 79 1216 7476 8071 595 3 0.02 7 1 Jll!SSP WINNG OSWGD 24 1 
21 20H 9W SE SE D&B 80 1215 7491 8(191 600 2 2 1 MISSP 12 I 
2220N 911 SE SW SE NW DIG 77 1223 7450 8038 588 8 0.34 68 1 MISSP 21 
22 20N 911 NE NE D&G 78 1231 7438 8040 602 4 4 I HISSP 91 
23 20M 9W SE NE NW D&G 78 1228 7401 8014 613 50 1.68 346 I HUNTN 30 
23 20N 911 SW NE DIG 78 1233 7406 7984 578 65 1.47 324 I II.INTN 34 
23 20N 911 NE SW DIG 80 1234 7434 8054 620 4 0.67 122 1 MISSP 43 I 
23 20N 9W N2 S2 NE SE D&6 69 1225 7405 791!6 51!1 45 0.07 57 1 MISSP 51 2 
23 20M 911 N2 NE SE O&G 82 1240 7420 7990 570 16 0.1!6 167 1 HUNTN 59 
24 20M 911 W2 Nil D&6 82 1231 7400 7999 599 l I I MlSSP 34 
24 20M 9W NE SW 0&6 77 1239 7424 8020 596 12 0.46 93 1 MISSP HUNTN 3 
25 20N 911 NW O&G 78 1226 7440 8032 :m 19 19 l HUNTN 22 
25 20N 9W SW HE O&G 69 1240 7446 8046 600 5 5 1 MlSSP 1 
25 20N 911 NE SW DRY 69 1225 7452 ~ 612 
2520N 9W SE SW DRY 75 1228 1 
25 20N 911 SE 511 SE O&G 82 1233 741.14 8074 590 19 19 I KISSP lOON 18 
2620N 911 NE NW D&G 79 1231 13 0.18 45 I MISSP 62 
26 20N 9W NE NE DIG 79 1223 7431 8032 601 4 4 III SSP 
2620N 911 SW SW OIG 84 1220 7508 8116 608 8 8 I IIISSP MAtiNG 58 
26 20N 9W SE SE SW D&G 84 1224 7478 8068 590 49 0.11 68 1 IIJNTN 20 
2620N 9W 112 Nl: SE O&G 77 122i 7474 8058 5M 5 0.01 7 1 M!SSP mNIJG 2 
2720N 911 Nil NE D&6 81 1217 7484 8074 590 l 3 1 III SSP DSWSO 32 
27 20N 9W N2 SW Nil O&G 85 1218 7481 8070 589 4 4 1 IIISSP OSWGO 40 
27 20N 9W SU NE Nf NE D&G 79 1229 74&0 80~ 590 2 2 1 IIISSP mNNG 42 
27 20N 9W SW SW SW DIG 75 1202 7513 8092 579 6 6 I Ml SSP OSIIGO 29 
28 20N 911 SE NW DIG 75 1212 7490 8086 - 596 13 13 1 Ill SSP OSWGD ll.'llflG 18 
28 20N 9W SW Nil NE O&G 81 1210 7464 8054 590 5 0.03 10 I MISSP 86 
28 20N 911 NW sw D&G 79 1197 7488' 8076 588 14 0.13 37 1 IIISSP DSWBO IWlNG 24 
28 20N 9W SE SE D&G 81 1211 7523 8114 591 2 0.06 13 1 IIISSP O"Jm 4 
28 20N 911 NW SE O&G 80 1210 7488 8104 616 4 0.41 76 MISSP OSUGO MANIIG 
2920N 9W Sll ,I'll O&G 81 1204 7540 8144 604 J 0.46 84 1 HI SSP IIIOLA 72 
29 20N 911 NE NE D&G 73 1201 7470 8072 602 46 0.33 104 1 HISSP MANNG 6 
29 20N 9W 112 W2 NF rll D&G 78 1200 7528 8118 590 4 0.40 74 1 MISSP OSWGO MnNNG 68 
29 20N 9W SE SL !.E 0&6 M 1191 1 0.01 3 IIISSP MANNG 
3020N 9W ~'E D&G 82 1199 754& 8134 588 6 ·0.03 11 I Ill SSP MllNNG 80 
3020N 9W NW SE D&G 75 1185 7515 8118 603 IS 2.44 444 I MISSP OSWGO !WING H!.MN 98 2 
31 20N 9W SE Nil D&G 72 1134 7541 8134 593 21t 24 1 IIISSP OSWGO mNhG 
31 20N 911 SE SW D&G 73 1128 19 19 OSWGO 
31 :?ON 9W N2 S2 NW SE DIG 72 1133 7548 8164 616 63 0.90 221 I DSIIGD 
3220N 911 'NI-l~~ O&G 81 1187 7542 8150 608 7 0.08 21 I lllSSP MINlG 52 
32 20N 911 SE Nil O&G 81 1164 7546 8140 594 4 4 I I'IISSP HUNTN 44 
32 20N 911 SENE D&G 81 1189 7528 8134 606 8 o.os l7 1 lllSSP IIANNG 26 
32 20N 911 NW SE NW 511 D&G 73 1153 OSWGO 
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SEC TWP R6E S4 53 S2 91 ST YR ELEV MJSSP WDFRD MSIS01 aJOIL 1 llJGAS1 EOOIL 1 LDGGD 1 WAY! WAY2 WAYJ WAY4 IISPOR' LTYPE' FINDR' 
J2 2(lN 9W SE SW O&G 81 1146 7548 8144 596 4 0.02 8 1 MISSP 50 
J2 20N 911 SE SE O&G 74 1171 7558 8154 596 s 5 1 I!ISSP OSWGO RDFRK MANNS 5 
33 20N 911 NW NW O&G 81 1194 7498 8084 5ar. 17 0.96 186 1 liMN 12 
33 20N 911 SE SE Nil O&S 73 1176 OSIIGO 
33 20N 9W SW NE DIG 72 1J90 1 0.12 22 OSWGO 
33 2(lN 911 NE NE DIG 69 1193 7506 8100 '594 2 2 1 IIISSP KJNTN 2 
33 20N 9W Nl NE SW O&G 82 1 1 1 MISSP Mm!IS IIIM'N 
33 20N 9W SE 511 O&B 73 1l78 7557 8150 593 7 0.55 104 1 oswso 12 
3320N 9W SE SE DIG 73 1177 7552 8136 584 4 0.61 111 OSWGO 
34 2(lN 9W SE Nil DIS n 1204 7522 '8108 586 10 0.14 35 I IIISSP MAriNG IUITN 34 1 
34 20N 9W SW SE NE 0&6 85 1198 7504 8096 592 3 0.,04 10 I HUNTN 48 1 
3420N 911 " N2 SE SW DRY, 85 1J97 7530' 8128 596 1 27 1 
3420N 9W N: S',J DIG 73 1203 7536 8120 ·584 15 ,0.15 41 I IIISSP OSWBO 116 2 
34 20N 9W SW Sli DIG 73 1202 7563 8146 '583 ·HOON 
3420N 9W Sf s: 0&6 74 1181 7556 8142 586 149 0.20 184 I MANNG HUNTN 51 
J520N 911 NE SW SW Nil O&G 75 1206 I 0.42 75 OSWiliJ 
J520N 9W sw Nrl 0&6 69 1205 7488 8084 596- (, l MISSP liiANNG 28 
35 20N 9W SE Nil DIG 86 1216 7502 8100 598 1 IIISSP 16 
J520N 911 SW SW NE DRY 74 1210 7506 
35 20N 911 Nil NE D&S 84 1216 7472 8063 591 3, 0.06 14 MISSP MANNS IUITN 
J52(lN 911 SW SW N:: D&G 83 1214 7506 8084 578 18 0.30 71 I VIOLA SIIPSN 12 
J5 20N 9W SE NE D&G 79 1218 7510 8100 590 ' 7 0.04 14 I MISSP 17 
J52(lN 911 W2 sw sw D&G. 73 1198 7546 8116 570 201 201 I HIJNTN 68 
3520N 911 SW SE SW DIG 75 1205 7562 8116 554 203 0.11 222 1 IUITN 128 
35 20N 911 NW SE DIG 84 1225 7539 8118 579 1 0.12 22 1 SI'JlSN 26 
35 20N 911 SW SE D&G 74 12<16 7543 8100 557 5 5 1 MISSP MilliNG 80 
36 20N 911 Nil NW DIG 84 1229 7498 8074 576 6 0.05 15 1 MISSP OSWGO WHIG 19 
36 20N 911 S2 SE NW DIG 72 1212 5 5 DSIIGO 
36 20N 911 511 NE DIG 73 1229 1 0.54 96 I OSWGO 
3620N 911 NE SW O&G 71 1218 7530 8(194 564 10 0;81 153 I OSWGD 134 2 
36 20N 911 SW SW D&G 81 1221 7546 8104 558 2 2 I MISSP OSWGO MitiS 2 I 
36 20N 911 ~ NE SE D&G 80 12<'1 7510 8085 - 575 MISSP IIUNTN 
J5 20N, 911 NE NW LOC 86 1215, 7490 1!082 ' 592 I MISSP 6 
1 21N 7W NE NE NW D&G 65 1288 6522 7093 571 28 1.38 271 1 MISSP 10 2 
I 21N 7W N2 S2 NE 511 D&S 78 1263 6518 7074 ~ o.sz 144 I MISSP 13 3 
2 21N 711 NE NE D&B 68 1301 7042 7674 6J2 5 ,0.{18 19 2 IIISSP 
2 21N 711 ~ NE .511 DRY 24 
3 21N 7W NW NW D&G n 11$ 6678 7268' 590· 2 MISSP 
3 21N 7W NW NE DIG 77 1304 6654 • 7283 629 2 MISSP 
3 21N 7W NE SW D&G'66 1300 6662 39 ,,0.52 131 I I!ISSP 3 
4 21N 7W SE NW DIG 65 1281 6692 7312 620 185 1.10 379 1 MISSP 104 I 
4 21N 7W NW NW D&G 75 1277 67{18 7384 676 2 MISSP 
4 21N 7W SENE O&G 66 1285 6668 90 0.70 213 2 IIISSP 
42JN 711 Nil NE D&G 76 1296 6677 7279 602 1 I!ISSP 78 
4 21N 7W E2 Nil 511 O&G 78 1264 6734 56 0.58 158 2 MISSP 
4 21N 7W SE SW DIG 66 1257 6701 7296 595 56 '0.20 91 2 MISSP HIIITN 
4 21N 7W SE SE D&G 66 1274 6696 7270 574 I MISSP 19 1 
4 21N 7W E2 112 NW SE D&6 7& 1272 6678 7272 594 121 0.80 262 1 I!ISSP 24 1 
5 21N 7W SE Nil DIG 67 1239 &682 7298 616 194 2.10 564 1 I!ISSP J6 2 
5 21N 111 N2 sz NW NW D&6 n 1214 6645 2 I!ISSP 
5 21N 7W SENE DIG &7 1267 6714 7348 634 1 MISSP 78 1 
5 21N 7W S2 N2 NW NE O&G n 1240 6686 7324 638 I MISSP 80 1 
5 21N 7W Nil SW 0&6 77 1220 6671 7276 &05 1 MISSP 3 
5 21N 7W SE SW D&G 7& 1220 6705 7341 636 2 MISSP 
5 21N 7W SE SE DIG 66 1252 &712 7332 620 303 1.40 549 2 MISSP 
5 21N 714 NW S£ D&G 76 Ill SSP 
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SEC Till R~ S4 S3 S2 Sl ST YR ELEV MJSSP IIDFRD MSJSO' CUO!l 1 ct.m9 1 EOOil' lOOGil' $PAY! $PAV2 $PAV3 •PAY4 MSPOR' LTVPE' FJNDR' 
6 21N 7W SE NW OlG lib 1200 6£,44 7252 £,(18 325 4.10 1047 J MISSP 9 I 
6 21N 7W S2 N2 NW NE D&G 79 1216 2 l'f!SSP 
6 21N 7W SE NW S£ SW O&S 76 1208 6679 7285 606 2 MISSP 
6 21N 7W NW SE NW SW O&G 77 1186 6663 7269 606 2 MISSP 
6 21N 7W SE SE O&G 76 1215 6693 7356 663 2 JIIISSP 
6 21N 7W 112 E2 NW SE O&G 77 1207 2 MISSP 
7 21N 7W SE NW 0&6 74 1197 6680 238 0.86 389 2 MISSP 
7 21N 7W NW NW O&G 66 1182 6664 2 MISSP 
7 21N 7W SE NE O&G 75 , 1213 6732 7294 562 2 IHSSP 
7 21N 7W NW tiE D&G 67 1201 6691 7274 583 172 1.16 376 2 JIIISSP 
7 21N 7W SE SW O&G 75 IJ71 2 I'IISSP 
7 21N 7W NW sW D&G 65 1168 663(1 7312 682 264 (1.48 348 1 MISSP 154 2 
721N 7W NW SE O&G 65 1182 6696 7342 ' b46 250 0.58 352 2 HISSP 
7 21N 7W SE ~ O&G 74 MISSP 
8 2JN 7W NE SE O&G 66 1250 6739 7368 629 3(1(1 O.bl! 413 'I MISSI' IILINTN 18 2 2 
8 21N 7W SW SE D&G 75 1250 6752 7376 624 54 54 2 MISSP HUNTN 
8 21N 7W ·Nil f( O&G 87 7 HISSP . 
8 21N 7W S2 SW NE O&G 74 2 MISSP 
8 21N 7W S[ H: D&S 66 1219 6699 7360 661 248 0.10 266 2 MISSP 
8 21N 7W NW SW OtG 65 1225 6726 7325 599 337 (1, 70 460 I MISSP 114 
8 21N 7W 112 E2 sr !:ll D&6 74 1240 6744 2 MISSP 
8 21N 7W Nil NW 0&6 66 1225 6706 7288 582 2 MISSP OSWGO 
8 21N 7W SE NW D&G 74 1232 6733 7362 629 422 2.(1(1 774 2 MISS>• 
9 21N 7W SW Nil O&G 65 1250 6727 7330 603 ' 462 0.60 568 1 Ml SSP Ill INTI I 165 
9 21N 711 NE IIW D&G 73 I25S 6704 2 t!ISSP OSWGO 
9 21N 7W Nil ~W D&G 66 124£ m~ 7398 659 253 0.84 407 I I'IISSP 57 2 2 
9 21N 7W SW SW O&G 75 12~0 6775 I MISS:' 
9 21N 711 SW SE O&G 66 1242 6710 7349 639 214 0.86 365 I MISSP 88 
921N 7W 112 E2 NE SE O&G 75 2 HISSP 
9 21N 7W SW NE O&G 66 1249' 6711 7310 599 ,106 0.42 180 2 MISSP 
9 21N 7W NE NE O&S 81 1265 677(1 12 12 2 HISSP 

10 21N 7W 511 NE DIG 66 1266 6648 7266 618 0.23 40 2 MISSP 
1(1 21N 7W NE SW NE NE D&G 77 1284 6652 47 (1.76 181 2 MISSP 
10 21N 7W Nil Nil DIG 76 1285 6690 7272 ' 582 39 0.24 81 1 MISSP 116 I 
10 21N 7W SW NW D&6 67 1259 6686 41 41 I I'IISSP 6 I 
10 21N 7W SW NW OIG 66 1257 6706 7340 634 78 0.13 101 , I MISSP ll 2 
10 21N 7W NE SW D&G 81 1264 6748 4 4 2 MISS>• 
10 21N 7W SW SE O&G 66 1253 6667 ,7274 601 40 40 I MISSP 56 
10 21N 7W NE SE O&G 75 1272 6650 7260 610 B 8 1 H!SSP 42 
11 21N 7W NW NE O&G lib 1236 6622 7002 460 28 I.H 229 2 Ml SSP HUlHN 
11 21N 7W SE NE O&G 81 1240 6512 7086 574 6 0.17 36 I MISSP 35 
II 21N 7W SE Nil DIG 81 12'30 6635 7241 6(16 3 3 2 JIIISSP 
Jl 21N 7W SW SW Nil NW O&G 82 1284 6684 7302 618 I I I MISSP RDFRK 37 , I 
II 21N 7W SW SW O&G 66 1278 6662 7274 612 90 1.04 273 I M!SSP 52 2 
II 2!N 711 NE SW D&G 76 1276 6652 7272 620 I MISSP 60 I 
II 21N 7W SW SE D&G 65 1237 6604 7234 630 95 0.32 151 I MISSP 74 2 
II 21N 7W NE SE DIG 76 1240 6550 7148 598 I HISSP 42 I 
12 21N 7W NE SE tiE DRY 55 1236 6465 7052 587 I 23 4 
12 21N 7W NE NE 0&6 79 1247 b494 23 0.60 129 2 MISSP 
12 21N 7W SE D&G 85 12ro 6473 I 0.04 8 1 IHSSP I 
12 21N 7W SE SE NW O&G 65 1219 M78 704& 568 41 2.47 47& I HISSP 12 2 
12 21N 7W SE 511 O&G 75 1220 6514 7064 550 15 0.48 99 2 HISSP 
13 21N 7W NE NE D&G 65 1206 6459 7020' 561 104 0.50 '!92 I MISSP 25 2 
13 21N 7W SW NE DIG 75 1220 6544 7130 586 13 0.27 61 I MISSP 102 I 
13 21N 7W SW NW DIG 65 1233 6614 7224 610 128 1.16 332 1 MISSP 40 2 2 
13 21N 7W E2 112 NE NW O&G 76 1204 6537 7098 561 2 MISSP 
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SEC Till RGE S4 53 S2 Sl ST YR ELEV MISSP WDFRD MSIS0 1 OIIJIL' CUGAS 1 EIIOIL' LOOGD 1 fPAYI RY2 tPAY3 fPAY4 MSPIJR' LTYPE 1 FINDR' 
1321N 7W NE SE D&G 65 1213 ' 6534 71J2 578 23 23 1 MISSP 50 I 
13 21N 7W SW SE DIG 77 1229 6607 1~ 0.18 46 2 PIISSP 
13 21N 7W NE Sll DIG 65 12<1! 6594 7186 592 122 0.20 157 1 MISSP 12 2 

- 13 2JN 7W Sll Sll DIG 75 1247 6644 I MISSP 
14 21N ,,7W Sll Nil DIG 65 1258 6678 7292 "~14 JJ3 JJ3 2 MISSP 
14 21N 7W NE NW DIG 76 1261 6670 0.70 123 2 MISSP 
14 21N 7W S11 NE D&G 65, 1248 6646 7275 629 176 176 I MISSP 46 2 
14 21N 7W NE NE DIG 75 1230 6612 7225 613 0.23 40 I MISSP 3 2 
14 21N 7W Nil Sll DIG 65 1239 6650 7268 618 234 234 2 MISSP 
14 21N 7W SW Sll DIG 75 1236 6692 71!90 598 0.46 81 I MISSP 62 2 
14 21N 7W NE SE DIG 65 1232 6630 7245 615 134 0.26 180 1 MISSP 53 1 
14 21N 7W Sll SE DIG 76 1242 6666 2 MISSP 
15 21N 711 Sll NW DIG 66 1225 6702 165 0.40 235 2 MISSP 
15 21N 7W NE Sll NE Nil DIG 75 1243 66!18 7315 617 2 MISSP 
15 21N 7W Sll 1\E,D&G 66 1243 6700 7ll8 618 137 0.23 m I IIISSP 28 2 
15 21N 7W NE NE· DIG 75 1246 6743 2 MISSP 
15 21N 7W Sll Sll DIG 66 1223 6714 7346 632 178 178 I MJSSP II 2 
15 21N 7W NE Sll DIG 75 1231 &811 0.50 88 2 MISSP 
15 21N 711 Sll SE D&G 65 1227 6696 '7327 631 234 0.40 304 I III!!SP 33 

15 21N 71! NE SE DIG 75 1227 6710 7334 624 2 MISSP 
16 21N 7W Nil Nil DIG 66 1263 6775 71tl0 635 375 o. 75 507 I IIISSP 32 2 
16 21N 711 SE Nil DIG 75 1248 6750 73611 61~ 2 MJSSP 
16 21N 7W SENE D&G 66 1243 6718 7336 618 324 0.70 447 I MISSP 9 2 
16 21N 711 N2 S2 Nil NE D&G 76 1239 6726 7357 631 I MISSP 
16 21N 7W SE SW DIG 66 1234 6682 7396 714 203 0.30 ,256 1 MISSP 62 
16 21N 7W Nil !'II DIG 75 1227 6758 7378 620 I MISSP 66 
16 21N 7W Nil SE DIG 66 1217 6714 249 0.40 319 I MISSP 
16 21N 7W N2 N2 SE SE DIG '75 f22l 6736 , 2 MJSSP 
17 21N 7W SE NW D&G 65 1238 6776 7426 650 298 6.40 3611 1 MISSP 143 
17 21N 711 Nil Nil D&B 75 1~1 6760 7400 640 I MISSP 1$ 
17 21N 7W E2 Nil SE IE DIG 75 1235 6754 '7376 622 2 MISSP 
17 21N 7W Nil NE DIG 66 ' 1236 6757 7404 647 253 0.40 323 2 MISSP 
17 21N 7W NW Sll DIG 66 1219 6771 254 0.50 342 I MISSP 8 2 
172JN 7W SE S11 D&G i5 1216 me 7402 624 2 MISSP 
17 21N 7W NE NE SE DIG 66 1219 6760 7365 605 97' 1.30 326 2 MISSP 
17 21N 7W S2 Nil Sl: DIG 75 1220 6766 7392 626 2 MISSP 
18 21N 7W Nil Nil DIG 64 IJ66 6692 7324 63? ' I MISSP 11 2 
18 21N 7W SE Nil DIG 75 1169 6772 2 IIISSP 
18 21N 7W SE Sll D&G 76 1162: 6742 7392 650 2 MISSP 
18 21N 7W NW Sll DIG 65 Jl64 6712 7353 641 145 1.00 321 I MISSP 12 2 2 
18 21N 7W NW NE DIG 64 1211 6762 7396 ,634' 373 0.30 426 2 IIISSP 
18 21N 7W SENE DIS 75 1208 6756 7393 637 I MISSP 29 2 
18 21N 7W NW SE DIG 65 1222 6778 7438 660 227 0.40 297 I MISSP 121 
18 21N 711 SESE DIG 75 1232 &BOO 7440 640 2 MISSP 
19 21N 7W NW NW D&G 66 1158 6778 7403 625 Ill 0.24 153 1 MISSP 13 2 2 
19 21N 7W SE NW D&G 76 1148 6748 7383 635 2 MISSP 
19 21N 7W NW SW D&S 67 IJ&9 6790 7422 632 120 120 J MISSP 25 2 I! 
19 21N 711 BE Sll D&G 75 1163 6908 2 IIISSP 
19 21N 7W NW SE D&G 66 1155 6760 llt2 0.50 230 -1 MISSP 
19 I!IN 7W ~ SE D&G 77 111is &820 7423 6(13 2 MISSP 
19 21N 7W' NW NE D&G 65 1217 6804 7444 640 110 1.60 392 I MISSP DSIIGO 67 
19 21N 7W E2 112 SE NE DIB 75 1222' &810 7449 639 2 MISSP 
20 21N 7W S2 N2 SE NW DIG 76 1214 6787 7430 643 2 MISSP 
20 21N 7W Nil NW O&G 65 1219 6784 7426 642 74 0.25 118 1 MISSP 
20 21N 7W SENE D&G 65 1211' 6761 7400 639 110 0.25 154 2 IIISSP 
20 21N 7W E2 112 NW NE DIG 76 1209 6752 7420 668 'I MISSP 57 2 
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SEC HIP RGE S4 S3 52 51 ST VR ELEV MISSP IIDFRD MSIS0 1 COOIL 1 CU!VlS 1 EllOIL 1 LOGGil 1 SPAY! $PAY2 SPAY3 SPAY~ JIISPOR 1 LTYPE 1 FIMDR 1 

20 2JN 7W Nil SW O&G 66 Jl!l3 6778 7~05 627 102 0. 75 2M J MIS'lP 9 2 2 
20 2JN 7W SE SW O&G 76 1172 6648 2 MISSP 
20 21N 7W SE SE O&G 66 1197 6793 7~16 623 72 0.40 142 1 tllSSP 9 2 2 
20 21N 7W NW SE O&G 76 1184 6662 2 MISSP 
21 2JN 7W NW NW O&G 66 1227 6769 7408 639 63 0. 20 98 2 MISSP 
21 21N 7W SE NW O&G 76 1221 6768 7392 624 14 0.1~ 39 I MISSP 
21 21N 7W SE M: O&G 65 1219 6759 7388 629 59 0.25 103 2 I'IISSP 
21 21N 711 112 El! NW 1£ O&G 76 1210 6732 7362 630 32 0.60 138 2 MJSSP 
21 2W 7W Nr S\1 O&G 6? l?J J 6790 4 4 
21 21N 7W Nil SW O&G 66 1209 6n8 7~01 623 47 o. 50 135 
21 21N 7W 52 te SE SW O&S 81 1212 6772 7392 620 3 3 
21 21N 7W SE SE O&G 66 1225 671!2 7413 
21 21N 7W Nil SE O&S 81 1210 6733 7~8 

22 21N 7W NW SE Nil Nl; O&G 76 1228 67M 7357 
22 21N 711 SE M: O&G 66 1235 6735 
22 21N 711 SE NW OW 65 1226 67~4 7380 
22 21N 7W Nil Nil O&G 74 1213 6714 
22 21N 7W 
22 21N 711 
23 21N 7W 
23 21N 711 
23 21N 7W 
23 21N 711 
23 2JN 7W 
23 2JN 7W 
23 21N 7W 
23 21N 7W 
24 21N 7W 
24 21N 711 
24 21N 7W 

NW SW O&G 66 1242 6760 7386 
SE SE O&G 67 1254 6778 
Nil Nil OtG 6& 1244 6723 7320 
SE Nil O&G 75 12:;2 &728 
NW N[ O&G 66 1253 6684 7299 
SE M: O&G 76 1285 6708 7M2 
SE SE O&G 76 1251 &&22 
Nil SE O&G 66 125& &732 7~7 

SE SW O&G 65 1260 6772 7330 
Nil !iW O&G 00 1251 6758 7374 
Nil NW O&G 66 1257 6662 721!2 
Sf ~'J O&G 76 1242 6653 ,7265 
N\1 ~E O&G 66 1242 6640 

24 21N 711 5\1 SH O~G 66 1254 &720 
24 2JN 7W Nil NE SF S£ O&G 76 12?8 f-654 
25 21N 7W SE SW O&G 66 1251 6819 7356 

631 
615 
653 

615 
6~ 

618 
618 
616 
62(1 

612 

47 0.40 
5 

127 o. 5(l 

42 
61 o. 32 
72 0.30 
27 0.25 

170 0.50 

136 0.80 

66 0.60 
42 0.20 

94 
50 0.40 
67 
13 
4 0.80 

0.10 

ll7 
5 

215 
42 

ll7 
125 

71 
258 

277 

172 
77 

94 
120 
67 
13 

145 
19 

2:l 21N 7W 
25 21N 7W 
26 21N 7W 

SE N[ O!G 65 1256 6743 7310 575 27 27 
SE SE O&G 68 1242 6732 7326 594 24 J. 50 22.S 
SE ~~ 0&6 65 1248 6820 104 0. 40 174 

26 21N 711 NW NW O&G 78 
26 2JN 7W SE NE O&G 66 1247 6730 
26 21N 7W Nil NE OtG 77 IZ39 6805 
26 2JN 7W SE SW O&G 65 12~ 6347 
26 21N 7W Nil 5W O&G n 
26 21N 7W SE SE O&G 66 1241 6804 7374 
26 21N 7W NW SE O&G 79 1239 6821 
27 21N 7W NW 11.1 OlG 66 1245 6796 
27 21N 7W SE NW O!G 76 1244 6865 
27 21N 7W Nil NE O&G 65 1257 6806 7424 
27 2JN 7W 5W NE SE NE O&G 77 1264 6842 7473 
27 21N 7W NW SW O&G 65 1244 6846 
27 2JN 7W SE SW O&G 78 1228 
27 21N 7W NW SE O&G 65 1243 6855 
27 21N 7W SE SE O&G 78 1238 6888 7444 
28 2JN 7W SE NW O&G 75 1213 6812 7425 
28 21N 7W 52 Nil NW O&G 80 l192 6772 7396 
28 2JN 7W NW Nl; OtG 66 1217 6792 
28 21N 7W 
28 21N 7W 

SE NE O&G 77 1233 6822 
SE SW O&G £>1 1222 6892 

ll 0.20 46 
25 o. 70 148 

144 144 
24 0.30 77 

570 10 10 
2 2 

25 0.25 69 
31 0.20 t.6 

618 73 o. 80 214 
637 

t.7 0.24 109 
18 0.10 3& 
99 o. 35 161 

55& 17 0.80 158 
614 28 0.14 53 
624 ' 4 0.10 22 

66 0.50 154 

48 0. 38 liS 

I MISSP 
2 MlSSP 
I MISSP 
2 I'HSSP 
I I'IISSP 
Z MISSP 
2 MJSSP 
I MlSSP 
2 MlSSP 
1 MISSP 
I MISSP 
I MISSP 
2 MISSP 
I IHSSP 
2 MlSSP 
2 MJSSP 
I MISSP 
I MISSP 
2 MJSSP 
I MJSSP 
2 MJSSP 
2 MJS<;p 
2 H!SSP 
2MJSSP 
I MJSSP fAJNTN 
I MISSP 
I MJSSP 
I MlSSP 
2 MJSSP 
I MJSSP 
I MJSSP 
2 MlSSP 
2 l'!lSSP 
I MJSSP 
2 MlSSP 
I fii!SSP 
2 MJSSP 
2 MISSP 
2 MJSSP 
I MISSP 
2 JIIISSP 
2 MJSSP 
2 fl!JSSP 
2 MISSP 
2 MlSSP 
1 HISSP 
2 MJSSP 
I MISSP omK;O 

74 

46 

35 
8 

67 

44 

26 
3 

23 

35 
53 
28 

52 

18 

2 
2 
I 

2 

2 
2 

2 

2 
2 

2 

2 
2 

2 
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SEt TWP RGE 54 S3 52 51 ST YR ELEV IIISSP llllFRD MSIS0 1 WOIL 1 CIJOOS' EllOIL' LOSGD' tNIYI tPAY2 tNIYl tNIY4 IISPOR' LTYPE' FltiDR' 
28 21N 7W Nil 5W DIS 79 1243 6870 13 0.60 119 2 MISSP 
28 21N 711 N2 52 SE SE DIG 76 1224 6890 53 0.30 106 2 MISSP 
28 21N 7W Nil SE D&G 66 1236 6836 7l 0.80• 214 li!ISSP 21 
29 21N 7W- SE Nil O&B 65 1199 6816 45 45 2 MISSP 
29 21N 711 Nil Nil DIS 79 1198 6810 5 0.10 23 2 MISSP 
29 21N 7W SENE DIS 67 1187 41 . 41 2 IIISSP 
29 21N 7W Nil NW 5W DIG 78 1174 6830 0.17 30 2 IIISSP D",UUO 

29 21N 7W SE 5W DIS 67 1193 6862 43 0.16 71 2 MISSP 
29 21N 7W SE SE DIS 67 1221 6880 96 o.so 237 2 I!ISSP 
29 21N 711 Nil SE D&S 77 12<14 2 l!lSSP 
30 21N 7W NE NE DIG 66 72 0.30 125 - 21HSSP 
30 21N 711 5W NE DIG 00 DSIG! 
30 21N 7W Nil Nil DIS 76 1168 6876' 7454 578 5 5 2 MISSP 
30 21N 7W SE Nlj DIS 64 1188 6812 7450 638 105 0.30 !58 I IIISSP 9 2 2 
30 21N 711 E2 112 Nil SE O&G 76 1168 6850 7460 . &10 I IIISSP IS 1 
30 21N 711 SE SE DIS 66 ll66 6850 7455 605. 62 0.30 115 ll!lSSP 178 
30 21N 711 Nil Sll DIS 76 1160 6882. . - 29 29 2 MISSP 
30 21N 711 SE SW DIG 66 1162 6860 98 0.24 '140 1 MISSP 
31 21N 711 SE Nil DIS 66 1166 6896 125 1.00 301 1 MISSP DSWBO 
31 21N 7W Nil Nil D&S 76 1180. 6952 31 0.38 9~ 2 I!ISSP 
31 21N 7W SENE DIG 66 1160 6850 111 0.50 199 I MISSP 6 2 
31 21N 711 Nil NE DIS 76 1160 6995 43: 43 2 MISSP 
31 21N 711 NW sw D&s' 75 1181 6990 . 39 0.10 57 2 I'IISSP 
31 21N 7W SE SW DIG 67 1162 6936 16 1& 1 I!ISSP 3 2 
31 21N 711 SE SE DIG 67 1155 6914 156 0.35 218 1 MISSP 23 2 2 
31 21N 711 Nil SE DIG 76 1159 7015 33 0.10 51 2 IIISSP 
3221tl·711 SE Nil DIG 65 1207 6892 95 0.32 151 2 IIJISSP llSWGO 
32 21N 711 Nil Nil DIG 77 16 16 2 IIISSP 
32 21N 711 SENE DIG 67 1229 6930 66 0.50 154 I IIISSP 47 2 2 
32 21N 711 Nil NE DIS 77 1206 6940 2 I!ISSP 
32 21N 711 SE Sll DIS 76 1158.6912 44 0.38 111 I I!ISSP 37 2 2 
32 21N 711 Sl fll DIS 67 1158 6878 50- 0.60 156 2 IUSSP 
32 2tN 711 S2 SE SE DIG 78 1200 6953 4 4 2 MISSP 
32 21N 711 S2 Nil fr DIG 77 1198 6950 19 19 2 I!ISSP 
33 21N 711 S1:. hll DIG 67 12l2 6894 40 0.82 184 I I!ISSP D5WBD 
33 21N 711 S£ ~E DIG 67 1219 6874 56 1.30 285 I MISSP 16 2 
33 21N 711 Nil Nil NE DIG 79 1226 6876 22 22 2 I'IISSP 
33 21N 711 SE 5W O&B 67 1208 6904 37 ,0.10 55 IIIISSP 6 2 2 
33 21N 711 NE 5W NW 5W D&G 80 1210 2 MISSP 
33 21N 711 SE SE O&B 68 1225 6918 7508 590 87 87 I I!ISSP 20 2 
33 21N 711 Nil EE DIG 78 1210 6'310 2 MISSP 
34 21N 711 Nil Nil O&G 68 1229 6858 99 0.18 131 I I!ISSP 2 2 
34 21N 7W Nil NE DIG 79 1241 6854 6 0.10 24 2 MISSP 
34 21N 711 SENE DIS 65 1232 6868 88 88 I I!ISSP 55 1 
34 21N 711 5W SE 5W D&G· 68 1236 6894 7440 546 61 o.40 131 1 I'IISSP 14 2 
34, 21N 711 NE S11 DIG 64 1223 1.40 246 I llSWGO 
34 21~ 711 SE SE DIG 65 1237 6885 95 95 I MIS.'lr 18 
34 21N 711 NW SE O&s 79 1241 16 16 2 I!ISSP 
35 21N 711 SE Nil DIG 65 1235 6860 51 51 1 MISSP 
35 21N 711 Nil Nil- DIG 78 1247 6860 7444 584 14 0.20 49 2MISSP 
35 21N 711 SENE DIG 66 1a31 6818 7416 598 16 16 I MISSP 35 
35 21N 711 Nil NE DIS 79 1233 6850 7410 560 8 ~ I I!ISSP 28 
35 21N 711 SE SE NE DRY 80 1237 6809 7410 601 
35 21N 711 Nil 5W DIS 78 1227 6890 7445 555 26 o:36 89 2 IIISSP 
35 21N 711 SE 5W DIG 65 1239 6868 104 104 1 MISSP 
35 21N 711 SE SE D&S'65 1218 6846 7424 578 79 79 1 MISSP 60 
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SEC T11P RGE 54 53 S2 51 ST YR B.EV MISSP IIDFRD MSIS01 CUOIL 1 CIBIS' EOOIL' LOSSD 1 tAAYI $AAV2 $AAY3 $PIIY4 IISPOR' LTVPE' FINDR' 
35 21N 7W E2 SE 0&6 80 1226 6832 7413 581 6 0.40 76 2 MISSP 
35 21N 7W NW SE 0&6 8S 2 SKINR 
36 21N 7W SE NW 0&6 66 1228 6775 71 1.00 247 I IIJSSP 
36 21N 7W NW Nil 0&6 77 1245 2 MISSP 
36 21N 7W 1111 NE 0&6 80 -1231 6747 -7340 593 3· 3 I MISSP 
36 21N 7W 112 SE NE II&G 81 1243 6792 7351 559 6 6 I SKINR 
36 21N 7W SE IE Dis 65 '1243 6809 71 71 2.' MISSP 
36 21N 7W SE sw o&s 66 1231 6840 7403 563 8 8 I IIISSP 20 2 2 
36 21N 7W Nil Sll 0&6 78 1236 6837 2 IIISSP 
36 21N 711 NW SE 0&6 83 1241 6818 3 0.30 56 I SKINR 
36 21N 7W SE SE O&G 6~ 1250 6816 7358 542 26 1.00 202 1 MISSP 45 
1 21N 8W SE NW O&G 64 1201 6700 7332 632 10 2.09 378 HI SSP 
1 21N 8W N2 S2·SE NE O&G 77 1189 6664 7282 618 6 ·6 1 IIISSP 4& 
I 21N 8W 52 N2 SE S11 O&G 77 1185 6686 7300 1;14 33 0.09 49 1 MISSP 29 
I 21N 8W SE SE D&G 71; 1177 6662 7275 613 67 0.15 93 1 MJSSP 24 
2 21N ew SE Nil D&G 64 1245 6766 7356 590 40 3.73 696 1 MISSP 
2 21N 8W SE SE O&G 79 1220 6720 7332 612 5 0.10 23 llllSSP 
3 21N 8W SE NW O&G 64 252 252 Ill SSP 
3 21N sw SENE O&G 65 21 0.29 72 Ill SSP 
3 21N 8W SE Sll O&G 78 1200. 6780 7360 580 29 29 I MISSP 71 
3 21N BW SE SE O~s' 79 1212 6750 7355 6oS 18 1 MISSP 70 
4 21N 8W Nil Nil O&S 65 1202 6771 7382 611 25 de 338 1 MISSP 
4 21N 8W Sll NE D&S' &5 1205 67&9 7352 583 361' 0.32 417 1 IIISSP 
4 21N 8W NE S11 O&G 81 ' 1202 6774 7372 598 15 0.03 20 1 MISSP 32 
4 21N 8W NE NE SE O&G 73 1197 6765 '7349 584 47 0.25 91 MISSP 
5 21N 8W S2 Nil D&G 83 1218 £.798 7404 606 3 3 1 MISSP 34 
5 21N BW Sll NE DIG 66 1205 6774 7372 598 85 1.48 345 I IIISSP 
6 21N 811 S2 N2 Nil D&G 8S 1226 6833 7410 577 35 0.21 72 I MJSSP '82 
6 21N 8W N2 N2 S2 NE O&G 81 ' 1222 6816 7408 592 60 0.25 104 I IIISSP 8 
6 21N 8W 112 NE Sll O&G &5 1229 £,854 7438 58~ 6 0.83 152 I RDFPK 
6 21N 8W N2 SE O&G 84 121£, 6832 '7432 £,00 4 0.04 II I IIISSP RDFRll HIJfTN 58 
7 21N 8W NW NE SE Nil DIG 81 1217 6850 7446 596 12 0.05 21 I MISSP 250 
7 21N 8W Sll NE D&G 75 1218 6854 ,54 54 1 MISSP 
7 21N 8W Sll D&G 81 1227 6884 4 4 MISSP 
7 21N 8W 112 SE O&B 81 1209 6848 745l! &04 2 2 1 IIISSP 168 
8 21N 8W NE Ill O&G 75 1206 6816 7436 620 36 ·0.10 54 1 MISSP 9 
8 21N 8W NE O&G 82 1205 '6800 7422 &22 6 r, I MISSP 92 
8 21N 8W N2 S11 O&G 82 1202 6815 7432 617 5 5 I MISSP 18 
8 21N 8W N2 N.• SE D&G 81 1200 6804 7432 &28 5 5 1 MISSP 146 
9 21N sw Nt DIG 7& 1200 6796 7418 £,22 13 0.15 39 1 IIISSP 37 
9 21N 8W NW 51: D&B 65 1203. 6814 7438 &24 8 8 I IIISSP 9 2 

io 21N 8W IE NE D&S 64 12oS 6756 73£,0 604 28 .28 l' MISSP 
10 21N sw NE SW O&G 64 1200 6782 7430 648 69 69 1 ·II!SSP 
10 21N 8W NW D&G 77 ~195 &788 7374 586 I II!SSP 
10 21N 8W If: SE D&S 00 Jill SSP 
II 21N 811 NW. 5I: Nl D&G 77 51 0.25 95 III SSP 
II 21N 811 SE SE D&G 78 1234 6770 7412 642 I& 0.15 42 . I M!SSP 45 
u' 21N 8W Nil SE DIG M 1217 6756 7418 662 1 MISSP 2 2 
II 21N 8W SENE O&B 78 1215 6732 7351 619 24 0-48 108 1 MISSP 88 1 
II 21N 811 Nil NE D&G 65 1213 6730 7340 610 I IIISSP 20 2 4 
11 21N 8W 5W O&G 64 1255 6814 7416 £,02 98 0.32 154 I IIISSP 78 I 
12 21N 8W NW Nil DRY 59 1201 &700 7310 610 1 26 2 2 
12 21N 8W NW SE O&G 64 1170 &712 73 ... "0 &OS 746 2.60 1204 LMJSSP 154 2 2 
12 21N 8W SE SE 0&6 75 1170 6692 II I SSP 
12 21N 811 NW NE D&G 00 II{ SSP 
12 21N 8W SEN£ D&G 00 MISSP 
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SEC TIIP RGE S4 S3 52 Sl ST YR ELEV MJSSP IIDFRD IISIS!l' CUOIL' OJGAS 1 E001l 1 LOOGO' ~PAY! SPAY2 SPAY3 SPAY4 MSr!JR' LTYPE' FINDR' 
12 21N SW Ill SW O&G 6b II% 6736 7376 MO 1 MISSP 90 2 2 
12 21N 8W SE SW 0&6 00 MISSP 
12 21N SW SE NW O&G 00 
13 21N SW Nil Nw O&ll 66 1209 6764 7332 
13 21N BW SE Ill 0&6 76 1196 6768 
13 21N 8W SW NE O&S 63 118(1 6740 7378 
13 21N 8W 52 52 NE I.E 016 75 116£ 6840 
13 21N 8W NW SW 0&6 M 1235 6804 7462 
13 21N 811 
13 21N 8W 
13 21N 811 
l4 21N 811 · 
14 21N 8W 
14 21N 8W 
14 21N 811 
14 21N 8W 

N2 SE SW 0&6 76 1205 6786 7432 
Nil sE 0&6 64 1187 6770 
st 5( 0&6 75 1161 
NW NW O&G 65 1242 6812 7460 
SE NW O&G 75 1231 6838 7451 
Nil NE O&G 64 1247 6806 7468 
SE NE 0&6 76 1225 6800 
Nil SW O&G 6b 1247 6844 

14 21N 811 , SU SE DRY 51 1219 6810 7460 
14 21N 8W NW SE O&G 65 1208 6796 7449 
14 21N 8W N2 52 Sf' SE O&G 76 1192 6776 
15 21N 811 SE Nil O&S 65. 1201 6818 7434 
15 21N 8W NW NW O&G 79 1204 6821 
15 21N 811 SW SW NE O&S 67 122& 

628 292 '1.20 

638, 184 0.40 

658 155 (1.32 
646 

187 0.60 

MB 19 
613 23 0.40 
662 85 0.13 

650 
653 

105 

134 0.60 
616 54 

16 (1.12 
8(, 

211 

293 

19 
93 

108 

1(15 

240 
54 
37 
86 

15 21N 811 
15 21N 8W 
15 2Hl 8W 
ts 2JN ew 
16 2114 8W 
16 21N BW 
16 21N 

Nil 5W O&G 6b 1205 6844 105 105 
SE Sll O&G 78 29 0.15 55 
Ill SE O&G 65 1~23 6835 746£ 631 144 0.25 188 

lt. 21N 
16 21tl 
16 21N 
17 21N 
17 21N 
17 21N 
18 21N 
IS 21N 
18 21N 
18 21N 
19 21N 
19 21N 
19 ZIN 

SF SE OAG 77 
NW St Nil O&G 71 

NW NE O&G 6f. J2(1(1 ~806 7444 
BW SF tlE OKG 78 
SW SE SU O&G 78 1203 6882 7514 
8W NW 511 O&G 78 1199 6884 74 78 
SW SE O&G 67 
8W NU SE N\1 0&6 80 I~ 6854 7517 
8W SE 511 O&S 80 1221 6'320 7566 
8W Nil SE O&G 67 1204 6874 7500 
8W NW NE NW O&G 81 122'3 7056 
8W NE 0&6 76 
8W NE 511 ~&G 81 1238 
8W E2 E2 W2 SE O&G 81 1218 
8W W2 NW O&G 82 1248 
SW Sf NE O&G 80 1219 
ew sr su ,o&s 82 1248 

6902 7520 
6914 .7540 
7014 7625 
6958 

19 21N 8W Nil SE O&G f.7 1232 
7010 7650 
6%5 7502 
6913 7559 
6%0 

20 21N 8W 1£ NE O&G 80 1204 
20 21N 8W NE 511 O&G 67 1208 
21 21N SW SE Nil N\1 O&G 81 1205 
21 21N 811 NE NE DRY 75 1210 6904 7527 
21 21N 8W N2 52 NE NE O&G 76 1213 6888 7516 
21 21N 8W Nil 5W NE OIG 81 1219 6890 7514 

SE SW O&G 81 123'3 6'346 
NE M.l S: O&G 66 124J! 6940 7582 

SE SE O&S 80 1252. 

35 0.20 
23 (1.61 

&311 43 0.26 
9 0.07 

632 7 0.15 
594. 6 0.07 

46 
6£3 8 
M6 e 
626 19 

5 
32 0.07 

618 5 0.02 
626 II , 0.03 
611 

MO 
f.37 104• o. 40 
64(; 31 0.15 

20 
15 0.01 

623 
628 49 0.01 
624 9 0.03 

6 0.12 
642 5 0.33 

4 0.05 

21 21N 8W 
21 21N 8W 
21 21N 814 
22 21N ew 
22 21N 8W 
22 21N 811 
22 ZIN 8W 

SE NW NW O&S 79 1215 6880 7510. 630 19 0.01 
NU NE O&S 65 1256 6886 7498 612 57 
SE NE O&G 78 . ,J 0.14 
NE 5W 0&6 65 1258 6932 7576 644 12 0.26 

70 
130 
89 
21 
33 
IS 

'46 
8 
8 

19 
5 

44 
9 

16 

174 
57 
20 
17 

51 
14 
27 
64 
13 
21 
57 
26 
58 

MJSSP 
I MISSP 

MISSP 
I MISSP 

MISSP 
MISSP 

I JIIISSP 
I MISSP 

MISSP 
I MJSSP 

M!SSP fUNTN 
I MISSP 

IUSSP 
I MISSP 

I IIISSP 
Jill SSP 

I MJSSP 
M!SSP 
MISSP 
MISSP 
MISSP 

I MISSP 

~1551' IIUNm 
I MJSSr 

I'll SSP 
I MISSP 
I MISSP ltrolNG HUNTN 

I'!ISSP 
II! SSP 
MJSSP 

I MISSP 
MJSSP 
M!SSP 

I I'IISSP 
I M!SSP 

MISSP 
MJSSP 
III SSP 

I MISSP 
I MI SSP OSWGD 
I MISSP 

MISSP 

I MJSSP 
I I'IISSP 
I MISSP 
I MJSSP 

MISSP 
I MISSP 
I MISSP 

II! SSP 
I MISSP 

41 

55 

58 
10 

127 

57 

50 

7? 

130 
74 

48 

IC16 

10 
98 

90 
100 

8 

22 
Ill 

I 
2 

2 

2 

4 
2 

4 

2 
I 

2 

4 

4 

2 

2 
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SEC TIIP RSE 54 53 S2 51 5T VR ELEV MI5SP WDrRD MSISO' Clllll' C\1005 1 Etl0JL 1 LOOGD' tPAVJ fPnV2 $PAV3 $PAY4 IISPOR 1 LTYPE' rJNDR' 
22 21N 811 5E 511 O~G 79 1266 696(1 0.19 33 I IIISSP 18 I 
22 21N 8W Ill 511 0&1) 82 1257 6960 I I MISSP 
22 21N 8W Nil 5E O&G 78 2 0.08 16 MJSSP 
22 21N 8W 5E 5E DIG 78 1243 6922 7"..£0 638 2 0.44 79 1 MISSP 7 
23 21N 8W SE NW O&G 76 1237 6848 7476 628 2 2 1 lt!ISSP 
23 21N 8W Nil NW O&G 64 1247 6856 7496 640 13 13 1 ltii55P 6 2 2 
23 21N 8W 511 NW DRY 82 
23 21N 8W Nl<l tE OIG 65 1223 6824 7476 652 14 14 I MISSP 20 
23 21N 8W SE NE 0&6 79 1213 6829 5 0.13 28 I'll SSP 
23 21N 811 SE SS ~11 DIG n 42 0.24 84 Jill SSP 
23 21N 8W NW SW O&G 66 1243 6876 7520 644 12 12 I MISSP 24 I 
23 21N 8W Nil 5E D&B 66 1218 6880 7500 620 49 49 1 MISSP 32 2 2 
23 21N 8W S2 N2 SE 5E O&G 78 1210 6998 Jti!SSP 
24 21N 8W ', NW Nil O&G 65 1201 {;797 744£. 649 14 '14 I MISSP 70 
24 2JN 811 5E NW DIG 77 J19('1 6794 7440 646 11 0.12 32 I MISSP 40 
24 21N 8W SE Nr: O&G 76 1160 6760 IHSSP 
24 21N 8W NW NE O&G 66 H64 6746 Jill SSP 
24 21N 8W NW 5E O&G 66 1178 £.790 103 1.00 279 MJSSP 
24 21N 8W E2 W2 5E SE O&G 76 J162 6816 HI SSP 
24 21N 814 NW 511 O&G 66 1210 6836 7480 644 I IIISSP 
24 21N 8W NE 511 5E 511 OIG 76 Jl86 6828 7460 632 186 1.00 362 II I SSP 
25 21N 8W NW NW O&G 66 1208 6848 182 ,o. 70 305 HI55P 
25 21N 8W SE NW OIG 77 1187 6858 27 0.08 41 MISSP OSWGO 
25 21N 8W NW NE DIG 67 1174 6850 61 0.03 66 II! SSP 
25 21N 8W NW SW O&G 67 1230 6914 39 o. 14 64 I MISSP 13 2 2 
25.21N 814 SE SW DIG 75 1203 6950 19 0.03 24 III SSP 
25 21N 8W Ill 5E DIG 66 1206 6895 7524 629 146 0~26 192 1 MISSP 44 
25 21N 8W SE SE Dl6 75 ·1180 6885 7515 630 I HI SSP DSWGO 41 
26 21N 8W NW NW OIG 74 1237 6941! 7610 662 MISSP 
26 21N 8W 511 NE O&G 67 1227 6898 210 1.84 534 I HJSSP 6 2 2 
26 21N 8W SE SW O&G 68 1208 6918 7548 630 I MJSSP 
2t. 21N 8W 52 NW 5E D&G 79 1216 I!! SSP 
27 21N 8W Ill Nw D&G 75 1260 '6978 MISSP 
27 2JN 8W SW NE O&G 67 1243. 6938 235 2.25 631 1 MISSP 15 2 2 
27 21N 8W 52 NW sw DIG 78 1274 MISSP 
27 21N aw N2 SE SE O&G 68 1227 6950 7580 630 I MISSP 36 2 
21! 21N 8W Ill NW O&S' 76 1232 II! SSP 
28 21N 8W 511 NE DIG 67 1261 7016 291 ' 1.88 622 I IIISSP 72 4 
28 21N 8W M<1 SW O&G 78 1245 7028 II I SSP 
28 21N 8W E2 5E 0&6 68 1263 7010 7645 635 I HISSP 14 2 2 
29 21N 8W NW M<l D&G 64 1218 6962 7594 632 1 MJSSP 28 2 2 
29 21N Bioi 511 NE O&G 67 1223 6980 7603 623 67 0.04 74 1 MISSP 33 c 2 
29 21N 8W SW .NW Sll D&G 78 1236 MISSP 
29 21N aw SE 5£: O&G 69 1234 7038 MISSP 
30 21N 8W SE NW NW O&G 80 1254 7034 II! SSP 
30 21N ew Sll NE D&G 67 1243 7016 7654 638 47 0.35 1(19 1 MISSP 13 2 2 
30 21N 8W 112 sw D&6 82 1<'63 7122 ltftilsP 
30 21N 811 N2 52 sr r£ D&G 78 1241 I!! SSP 
31 21N 8W Nil NW D&G 82 1268 7148 7763 615 I . 0.05 10 I MISSP 46 
31 21N 811 Nl~ tE DIG 69 1272 7138 7704 566 8 8 I MISSP 9 
31 21N 8W Nil SW O&G 82 9 9 1 MISSP 124 
31 2JN 8W Nil f£ O&G 80 1263 7181 7778 597 1 I HISSP HIJIITN 
32 21N 811 NE NW 0&6 69 1236 7040 14 J4 I'IISSP HUHTN 
32 21N 8W NU NE O&G 68 1235 7104 (660 556 41 41 1 ltf!SSP 24 
32 21N 8W SENE O&G 76 1245 7118 7696 578 8 0.10 26 MISSP HUNTN 
32- 21N 8W SE 511 O&G 78 1254 7174 2 2 I MISSP 41 
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SEC TWP RGE 54 Sl S2 Sl ST YR ELEV ll!SSP WDFRD MS!S01 CUOIL' CUOOS' EOO!L' LOGGD' $PAY! tPAY2 tMYJ $PAY4 IISPOR' LTYPE' FINDR' 
32 21N 8W NW SE O&G 69 1255 12 12 I II!SSP HUNTN 27 I 
32 21N 8W , SE Sf O&G 81 1261 2 2 I M!SF.P ffJMTN VIOLA 72 
33 21N 8W NE NW D&G 68 1256 7(186 7692 606 33 0. 35 95 - 1 MISSP HUNlN 135 
33 21N BW NE SE NE O&G 68 1281 711& 7692 576 18 18 I MISSP 25 
33 21N 81.1 Nil NE NE DIG 83 :5 0.0~ ' 10 I HISSP 
33 21N 8W SE SW DIG 68 1264 7196 n40 544 M!SSP 
33 21N 8W NW SE D&G 68 1270 mo 77()(1 560 18 0.06 29 I MlSSP lOB 
34 21N 8W NE NU DIG 68 1243 7063 7631 568 12 0. 06 23 MlSSP 
34 21N 8W SE NE O&G 68 28 0.60 134 I MISSP 8 I 1 
34 21N 8W Nil SW DIG 65 1274 7152 24 0. 50 112 I P1lSSP 53 2 2 
3421N 8W SESED&S79 1238 7110 ~£.30 520- 14 0.15 40,' H!SSP 
34 21N 8W NW SE O&S 64 1237 7140 , 43 43 
35 21N 8W N2 S2 NW NW O&G 78 1213 6975' 
35 21N 8W SW'N( O&S 67 1213 7000 318 2.90 828 
35 21N 8W NW SW DIS 77 1245 7100 
35 21N 8W SW SE DIG 68 
36 21N 8W Sf NW D&G 66 1189 6988 7560 572 318 1.30 -'547 
36 21N 8W Nil NE DIG 75 II% 6974 
36 21N 8W SW 511 DIS 68 1222 7028 7628 600 
36 21N 8W SE Mi SE DIG 79 1179 6970 
36 21N 8W '52 Sf SE OIG 81 . 118(1 4 
I 21N 9W SW NW O&S 68 1272 6910 7508 598 
I 21N 9W W2 E2 NW OIG 87 1239 6891 
I 21N 9W 
I 21N 9W 
I 21N 9W 
I 21N 9W 
2 21N 9W 
2 21N 9W 

Nil NE DIG 85 1245 6850 
NW NE SW DRY 84 1281 692<1 74% 
SW 51, Sl O&G 84 1277 6918 7510 

SE OIG 76 1242 6853 7458 
E2 NE NU O&G 81 1291 6926 75(11 

SW NE OIG 67 1282 693\1 7504 

576 
592 
6(15 
57:. 
574 

2 21N 9W 1£ 511 DRY 68 1306 6954 7546 592 
2 21N 9W S2 NE SliD 73 1284 
2 21N 9W . 112 NE SW DIG 74 1311 
2 21N 9W NE SE O&G 69 1285 6938 7540 ' 602 
2 21N 911 SW Sf DRY 48 1293 6945 7530 585 
3 21N 911 SW NE OtB 79 1325 69M 7598 f>l4 
3 21N 9W SW Sll DRY 49 1329 6998 7606 608 
3 21N 9W NE Sll SE DIG 81 1332 6996 7602 606 
4 21N 9W SW NE NW DRY 82 1329 7030 7640 610 
4 21N 9W E2 NE NE D&G 81 1327 6982 7580 598 
4 21N 9W Sll NE DRY 69 1331 7020 7628 608 
4 21N 911 SW SW D&G 54 1330 7015 7646 633 
4 21N 911 NE SW D&G SO 1331 
4 2 ltl 9W SE SE DRY 76 '1332 6994 7604 610 
4 21N 911 NE SE O&G 80, 1317 
4 21N 9W 112 SW SE O&G 46 1310 6990 7602 612 
5 21N 9W NE SW SE D&G 54 1316 
6 21 N 9W SE SE NW D&G 59 I 3110 7080 
6 2JN 911 W2 F2 NE NW O&G 81 1343 7100 n2\l 620 
6 21tl 9w · SW NE O&G 82 
6 2HI 9W NE NE U&G 81 1361 7048 7694 
6 21N 9W SE SW OIG 69 1313 70SO 7711 
7 21N 911 NE NW O&G Ill 1297 7090 7726 

646 
631 
&36 

7 21N 9W SW NW D&G 81 1283 70'30 7730 640 
7 21N 9W SW liE DRY SO 1294 
7 21N 9W SW Sll O&G 77 1275 
7 21N 9W NE SE DRY SO 1279 

15 0.50 

5 0.26 
10 
17 (1.20 

208 0.09 

0.18 
3 

15 0.03 

2 

'0;16 

39 3.30 
0.38 

I 
8 ,0.07 

II (1. J(l 

5 
2 
3 

13 0.02 

4 

103 

51 
10 
52 

224 

2(l 

2 

28 

620 
67 
1 

20 
29 

' 5 

2 
3 

17 

I M!SSP 
HlSSP 

I MISSP 
M!SSP 

1 MlSSP 
I MISSP 

fill SSP 
1 M!SSP 

J:IISSP 
DSWGO 

I SNPSN 
M!SSP 
HI SSP 

I 
l M!SSP 
1 M!SSP 
1 VIOLA 
I SWSN 
1 
I 
I RDFRK 
1 RDFRK 
I 
1 MISSP OSWGD 
I 
I RDFRK 

1 fii!SSP 
I 
I RDFRK 

OSWGO 
I 

OSWGO 
l SMPSN 
I RDFRK 
I I!IDIG 
l MISSP MilliNG INOLA OSII!',O 

M!SSP YilNNG INOLA OS~KlD 
I HI SSP MilliNG CISWGO 
I IIAifiG OSIIOO 
I Ml SSP l'liVn> 
I SMPSN 

M!SSP 

17 

16 

36 
42 

2 

7 

14 
82 
25 
27 
5 

2 

9 

94 

18 
30 
2 
9 

5 

9 

42 
5 

9 

2 

2 
1 

2 

2 
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SEC TIIP RGE 54 S3 S2 Sl ST YR ELEIJ MISSP IIDFRD MSIS01 I:IJOIL I QBISI EOOIL 1 LOOG0 1 SPAY! $PAY2 SPAY3 SPAY4 MSPDII 1 LTYPE~ FINDR 1 

8 21N 9W 112 E2 IIW NE O&G 79 1332 7050 7650 600 10 10 1 JIIISSP 
8 21N 9W SW NE D&G 80 MISSI' RDFRK 
8 21N 9W SE SW DIG 70 1282 7108 7764 6S6 • 1' I 1 JIIISSP MAifiG 20 
8 2'1N 9W NE sr O&G &9 1302 7048 770E. 658 4 4 I MISSP lf!tHN 41 
8 21N 9W SE SE, SE D&G 79 - 1301 .7090 7"F.IJ 660 2 2 I JIIISSP OSIGJ 
9 21N 911 NE NW DRY 81 1325 7012 7632 620 1 22 
9 2JN 911 Nil Nil DIG 80 1339 6950 0.14 2& MISSP DSIGJ 
9 21N 9W 112 E2 Nil NE D&G 79 133() 705(1 7620 570 III SSP 
9 21N 911 NE SW D&G 64 1318 7074 mo 636 I 1 I PIISSP 87 2 2 
9 21N 9W Nil SW SW D&S 81' 45 0.03 50 MISSP 
9 21N 911 SE SE D&G 69 1290 7048 7676' 628 3 3 I MISSP 168 

10 21N 9W E2 Nil D&G 80 133() 6982 7588 606 24 0.10 42 I MISSP VIOLA 2 
10 21N 911 SW Nil D&G 69 1316 6978 7600 622 I 1 I Ml SSP MANIIG 7 
10 21N 9W SW Nt D&G 84 1320 70(1(1 7616 616 2 2 1 JIIISSP VIOLA 78 1 
10 21N 911 Nil NE D&G &9 1331 7000 7624 624 3 ,3 1 MISSP 4 
10 21N 911 S2 sw S\1 DIG 81 1314 7084 7720 63& 2 2 I MISSP 52 I 
10 21N 911 NE SW D&G &9 1319 7014 7&38 624 7 7 I MISSP 4 I 
1021N 911 SE SE 5W D&G 81 1321 7090 2 2 1 MISSP 
10 21N 911 E2 SW SE DIG 81 1324 7(150 76&& 616 5 5 1 MISSP 27 
11 21N 9W SE Nil NE Nil D&G ~9 1310 6980 7580 600 3 3 I MISSP 16 
II 21N 911 SE SW Nil D&G 81 1316 69'30 2 2 MISSP 
11 21N 911 IE NE NE D&G 84 1290 6944 7538 :394 I I I 5K'SN 83 I 
11 21N 911 SW NE D&G 64 1298 6962 7556 594 I MISSP HUIITN 190 2 
ll 21N 9w SW SE NE D&G 81 1299 6956 7556 6(1(1 3 3 I MISSP 5 
11 21N 911 SE SW NE,O&G 80 1278 7010 2 2 MISSP 
II 21N 911 IE sr fll O&G 80 1306 6990 43' o:20 78 I NISSP 
II 21N 911 S2 NW SE O&G 80 1291 6948 - 39 0.10 57 MISSP 
11 21N 911 N2 sr !L" DIG 79 1282' 6962 219 219 '1 MISSP 4 
12 21N 911 SW M; O&G 78 1282 693() -7526 59li 6 li I MISSP 44 I 
12 21N 9W NL HI D&G 82 1270 &904 752'3 625 5 5 I MlSSP WlNNG 55 I 
12 21N 911 SE NE O&G 80 1255 6875 7470 595 10 0.04 '17 1 MISSP 
12 21N 9W N2 SW SW DIG 81 5 5 MISSP 
12 21N 911 N2 N2 SE SW D&G 81 MISSP 
12 21N 9W E2 E2 Nil SF O&G 7& 1253 &894 58- 0.14 83 1 MISSP I 
12 21N 911 SL tE. O&G 78 1250 69(1(1 35 0.35 147 1 MISSP 4 
13 21N 9W SE NE NW D&G 77 1287 &994 8 8 1 MISSP 1 
13 21N 911 NE Nil NE O&G 81 12&1 6920 I MISSP I 
13 21N 911 SE NE NE DIG 71 1259 6934 44 0.2& 90 Ill SSP 
13 21N 9W SW SW S\1 D&G 77 1295 7052 7668 &I& I 9 0.10 27 1 IIISSP 10 
13 21N 9W NE SE DIG 77 1259 6952 7632 680 10 0.02 14 1 IIISSP 72 
14 21N 911 NE NW O&G 75 1312 7022 MISSP JIIIINNG VIOLA 
14 21N 911 NW SW NE DIG 82 1315 7020 7&20 &00 5 0.01 7 I ltJISSP HUIITN 
14 21N 9W NE NE DIG &9 129'3 &975 7590 615 31 0.14 62 I MJSSP 
14 21N 9W NE stl O&G 80 1316 7078 '7&79 601 li 0.10 24 I MISSP 32 
14 21N 911 NW SE DIG 81 1318 7080 7687 607 5 5 I MISSP IUlTN 81 
15 21N 911 NE NW O&G 69 1313 7070 769& 626 37 37 I IIISSP 12 
15 21N ,91oJ SW t£ O&G 80 1320 7070 7692 622 18 0.03 23 IIIISSP 2 
15 21N 9W NE NE D&G 80 1329 705(1 7670 &20 19 0.05 28 1 MISSP 2 
15 21N 911 SW SW DIG 80 1307 7 0.05 16 MISSP 

- IS 21N 911 ''NE SE D&G 80 1318 '7074 li 0.02 10 MISSP 
IIi 21N' 911 SW NW DRY 70 1298 7214 7884 670 
16 21N 911 SE NW D&G 81 1301 7204 7856 652 15 0.50 103 1 MJSSP 19 
IIi 21N 911 Nil NE D&G 69 1302 7092 771& 624 61 0.17 ~I 1 IIISSP 8 
IIi 21N 911 Sll Sll DRY 70 12&9 729& 7900 . 684 1 3 
IIi 21N 9W NE SE D&S 69 1308 7220 7870 - 650 2 2 1 JIIISSP li 
16 21N 9W SE SW SE O&G '79 1289 7240 8 0.02 12 MISSP 
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SEC TWP RGE 54 53 52 51 5T YR ELEV 1'11SSP IIDFRD ~ISO' COOIL 1 CUGAS' EllOIL' LOBGD' SPAY! trAY2 SPAV3 fPAY4 IISPOR' LTYPE 1 FINDR' 
17 21N 9W 5E N:l O&G 70 1277 7224 7898 674 151 151 1 ~!SSP mf~ HLM'N 9 I 
17 21N 9W E2 5E IE 0&6 80 1285 7233 7900 667 2 2 1 I'll SSP MllNIII3 I 1 
17 21N 9W SW NE OIG 70 1283 7226 7894 668 I I I HltlTtl I I 
17 21N 9W NW NE OIG 69 1291 7194 7844 650 6 6 I Ml SSP HltiTN 23 
17 21H 9W NE SW DIG 70 1266 7244 7906 662 185 0.25 '229 1 I'll SSP HtRHN 9 
17 21N 9W SW SW O&G 74 1274 7252 7931 679 I'IISSP HlJITN 
17 21N 9W NE SE DIG 69 1272 7240 7904 664 186 . 186 I MISSP Mill~ IUITN 4 
17 21N 9W NW Nil SE oro 80 1271 7230 7886 656 8 0.02 12 I MISSP 68 
17 21N 9W Nil SE O&G 70 1277 7232 7892 660 lllMN 2 
18 21N 9W NE NW 016 81 s 0.02 9 I'IISSP IWH; IN!l..A VRDBR 
18 21N 9W .SE SE Nil 016 71 1267 7210 29 29 MISSP HtRHN 
18 21N 9W SE NE DRY. 70 1262 7226 . 7896 670 I 
18 21N 9W SW NE D.IG 72 1268 721£. 7884 £.68 2 2 lUI TN 
18 21N 9W SE SH 016 70 1269 7242 7858 616 387 . 0.50 475 I fliNTN IS 
18 21N 9W NE SE 016 70 1<83 7265 7938 673 235 0.16 2nl I MISSP HtiNTN 28 
18 21N 9W SW SE DRY 71 1251 7246 7931 685 
18 21N 911 SZ N2 Nil SE DIG 82 12~7 7234 7872 638 19 0.49 105 I HUNTN 39 
19 21N 9W NW NW O&S 70 1260 7258 95 0.60 201 HUNTN 
19 21N 9W Nil NE DIG 71 1250 7260 7910 650 59 0.15 85 MISSP 
19 21N 9W NW NE sw oro 81 1251 7275 7319 644 3 3 I MISSP 2 I 
19 21N 9W Nil SE D&6 70 1248 7318 7380 662 I I IIISSP 4 3 
20 21N 9W NE NW O&G 70 1262 7235 7860 625 10 I (I I I'll SSP IWlNB 12 2 
20 21N 9W IE NE D~Y 69 1267 7294 7936 642 I 6 I 
20 21N 9W NW NW t£ oro 8(1 1273 7270 7910 640 4 0.04 II I MISSP OSWGO 
20 21N 9W W2 SW SW O&G 73 1268 7395 8058 663 10 o.os 19 I MISSP 
20 21N 9W S2 IIW SE 0&6 79 1256 7326 3 3 I'll SSP 
21 21N 9W SE SE SW LOC 81 126<1 7288 7S60 672 I 31 
21 21N 9W IE NE 0&6 80 1289 7235 7914 673 6 0.03 II Kiss.> 
21 21N 911 NW SW LOC 81 12!:.0 7272 7930 658 0 I 84 
22 21N 911 NE Nil 0&6 78 1307 6 6 MISSP 
22 21N 9W W2 E2 SW NE O&S 78 1301 7248 7905 657 4 0.14 29 MISSP 
22 21N 911 SW SW O&G 73 1286 7308 7'360 652 18 0.03 23 MISSP 
22 21N 9W SW 5I> S.· D&G 73 1283 7343 7993 656 42 0.14 67 MISSP MAilt~ HtRHN 
23 21N 9W sw sw Nil 0&6 78 1320 7180 m8 618 2 0.09 18 I MISSP 86 
23 21N 911 NL! N4 0&6 69 1318 7120 •. 7740 620 2 2 I MISSP IS 
23 21N 9W SW NE O&S 79 1302 7086 7708 622 3 0.05 12 MISSP 
23 21N 9W sw sw 0&6 73 1299 7248 7830 582 4 4 MISSP 
23 21N 911 SW SE D&G 77 13(1(1 7134 7730 596 . 6 0.09 22 MISSP 
24 21N 9W SW SW'NW 0&6 78 1292 7070 7.670 GOO 13 0.11 32 I MISSP 42 
24 21N 911 NE Nil ORY 81 1290 7049 I 20 
24 21N 9W M4 N':: O&G 69 1271 7(1(16 7660 654 16 0.12 37 I MISSP 8 
24 21N 911 Nil SW OIS 69 1288 7090 7692 6(12 IS IS I MISSP 56 
24 21N 9W liE SE O&S 77 1254 7138 7682 544 21 0.21 58 MISSP 
24 21N 9W SW SE OIG 80 1264 7(136 7666 6YJ 27 0.(15 36 I MISSP 7 
25 21N 9W SW NW 0&6 69 1287 7128 7738 610 145 145 I 111 SSP fi.IIITN 24 
25 21N 9W liE NW OIG 78 1268 708(1 7b80 6(10 9 9 II I SSP 
25. 21N 9W NE NE. O&G 77 1266 7050 7710 660 66 66 I I!ISSP 14(1 
25 21N 9W N2 sz NW sw o&tn1 1287 7796 I I MISSP 
25 21N 9W NE SW 0&6' 78 1284 7144 7744 GOO l MISSP 7 
25 21N 911 SW SE O&G 69 1277 7158 7780 622 7 7 I I'IISSP 164 
25 21N 911 NE SE 0&6 78 1267 7122 7727 605 I MISSP 153 
26 21N 9W SE NW 0&6 81 1306 729(1 2 2 IHSSP lmJG 
26 21N 911 SE NW NE 0&6 78 1297 7178 7774 596 I 0.12 22 I IIISSP MAN!-IG 13 
26 21N 9W NW SW 0&6 79 1297 7270 7880 610 II 0.05 20 I MISSP IRlN6 HltiTN 
26 21N 91-1 tAl st O&G b3 1233 719~ 24 0.90 182 l MISSP 2 
27 21N 911 SE NW 0&6 !il 1274 7390 54 54 I MWflG 
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SEC TWP RilE 54 S3 SZ Sl ST YR aEV I!ISSP IIDFRD KSJSO' CUOIL 1 CIJGIIS' EDO!l 1 liJGGD' tPAYI tPAY2 tPAY3 ~PAY4 MSPOR' lTYPE 1 FINDR' 
27 21N 9W SW NE Nil O&G 79 1276 7338 BO(lb bb8 4 0.01 6 MISSP fliAIHl 
27 21N 9W Nf. IIC O&G 73 1294 7324 7980 656 14 14 MJSSP ~ IUlTN 
27 21N 9W S~ ~ O&G Sl 1282 7378 lJJ JJI I MISSP i'IANNG 
27 21N 9W W2 SE 51! S~ O&G 76 lzS5 7375 7982 607 5 0.22 44 1 IIISSP MllNNG 
27 21N 9W NI-l SW O&G 62 1260 7362 39 0. 03 44 1 JIIANNG 
27 21N 9W SZ SE NE SW O&G 84 1258 7405 ?984 . 579 I 0.,04 8 1 MISSP MiiNU3 
27 21N 9W SE SE O&G S1 1280 7340 21 21 1 MISSP l!llNNG 
27 21N 9W Nil SE O&G 61 1274 7373 118 JIB 1 MISSP IWlNG 
28 21N 9W SE NW O&G 82 1250 7342 7982 840 0.02 5 1 MISSP 
28 21N 9W NW Nlol O&S 82 1250 7348 7998 650 I 1 MISSP 
28 21N 9W SE ~ 0&~ 63 1284 7361 24 0.15 50 1 MISSP MA.'4NG 
28 21N 9W NW SW 0&6 81 1262 7280 7950 670 5 5 MISSP 
28 21N 9W SW, SW O&G 79 1245 7440 8090 650 1_ 0.19 34 1 MISSP MAA'NG 
28 21N 9W NE 51; DRY 82 1271 7360 7986 626 1 
28 21N 9W SE SE O&G 63 1246 7372 1 i'IANNG 
29 21N 9W NE Nil DRY 81 .1291 ' 7442 8100 658 
29 21N 9W SW Nil O&G 82 , 1257 7482 8120 638 
29 21N 9W E2 SW NE O&G 78 1252 7450 8044 594 
29 21N 9W W2 NE NE SW DRY 83 1245 7468 8108 640 
29 21N 9W SW SW DRY 77 1220 7468 ' 8120 632 
29 21N 9W SW SE O&G 80 1234 747G 
30 21N 9W SW NE DRY 73 
30 21N 9W SE NE O&G 80 1239 7432 8096 664 
30 21N 9W SW SE SW O&G 82 
30 21N 9W SZ SW SE O&G 73 1221 7454 8090 1>36 
31 21N 9W NE SE Nil O&G 73 1215 7485 8062 577 
31 21N 9W , SE SW NW O&G 73 1210 7426 
31 21N 9W SW SW llE O&G 73 121~ 7488 8052 564 
31 21N 9W SW SW SW O&S 71 1204 7483 8133 650 
31 21N 9W NE SW O&G 80 1200 7440 
31 21N 9W N2 SZ SE SW O&G 76 JJ91 
31 21N 9W SW SW SE O&G 72 Jl93 7478 
32 21N 9W SW NW O&G 81 1210 7470 8086 61& 
32 21N 9W SE NE O&G 70 1246 7512 8134 G22, 
32 21N 9W W2 SW SW DRY 73 12(lb 7500 8104 604 
32 21N 9W W2 W2 SW O&G 82 
32 21N 9W 112 W2 E2 SE O&G 82 12:lb 7516 8120 604 
33 21N 9W SE NE O&G 77 
33 21N 9W SZ 51-J O&G 76 123& 7486 8098 612 
33 21N 9W SW SE O&G 77 1232 7458 8050 592 
34 21N 9W Nil NE OIG 63 127& 7331 
34 21N 9W NW S<l OSG 63 1243 7407 8010 603 
34 21N 9W E2 W2 NW SE 0&9 79 1260 7426 8052 626 
34 21N 9W Nil s: DRY 7B 1248 
l5 2JN 9W Nil NW O&G 75 1294 7421 
l5 21N 9W !11:. N1: O&S 70 1294 
l5 21N ' 9W SE SW O&G 85 1287 7440 8054 614 
l5 21N 9W Nil SW O&G 75 1292 7431 8022 591 
l5 21N 9W SE SE OIG .71 1281. 
35 21N 9W NW SE 0&6 82 1300 7350 7948 598 
3D 21N 9W Nil NW O&G 75 1295 7221 7817 
36 21N 9W SE NE O&G 70 1267 7176 7785 609 
36 21N 9W Nil SW OIG 68 1288 7258 7904 646 
36 21N 911 SE SE O&G 69 1286 723& 7858 622 
I 22N 7W NE Nil O&G &7 1284 6318 6889 571 
I 22N 711 SW NE liE O&G 67 1275 6318 6892 574 

3 0.01 5 
6 o. (16 17 

2 2 

8 0.02 12 
3 , 0.04 10 
7 ' 0.42 81 

0.22 39 
2 0.08 16 
6 0. 72 133 

112 o. 75 244 
2 2 

12 12 
78 1.55 351 
7 0.15 33 

26 0.05 35 

17 0.05 26 
18 18 
29 0.28 78 
19 o. 79 158 
60 1.32 232 
49 2.34 461 
2 (1.61 103 

13 o. 94 178 
3 3 
3 0.02 7 

JJ 0.92 173 
7 7 
9 9 

13 0.20 48 
f 1 

13 13 
31 0.50 JJ9 
16 0.60 157 
21 0.10 39 

I KISSP 
MISSP 

1 
. 1 

MISSP 

1 MISSP I'WlNil HltlTN 
HltjTN 

I Hl.NTN 
1 MISSP OSWGO MAIJNG 

HUMTN 
I i'IISSP mNNG HlMN 

MISSP MANNG HUNTN 
I'll SSP 
IUITN 
MISSP i''INNG HUNTN 

. I I'll SSP MANNG 
I Jli!SSP MANNG 
1 

MISSP 
1 MISSP 

MISSP MANNG 
MISSP WINNG 
Jill SSP ~1tliJG 

I Jl!ISSP MANNS 
1 MISSP MilliNG 

1 MISSP mNNG 
MISSP /WING 

I MISSP MAI41lG 
1 MISSP MNNG 

MISSP 
I MISSP MAtiNG 
1 I!ISSP IIIVmG 
1 JIIJSSP MilliNG 
1 MISSP IIANNG 
I MJSSP t1ANNG HUNTN 
2 MISSP SKINR 
1 MISSP · 

33 

JJ3 

J4 
28 

3 
16 

21 

10 

4 

7 
146 

145 

10 
6 

17 

31 

200 

230 
176 

25 
94 
3 

10 
J4 

1 
3 
1 
2 
2 

2 

2 
2 
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SEC Till RilE S4 SJ S2 51 ST YR ELEV MISSP WDFRD MS!SO' aJIJIL' ruGAS' fllOIL 1 LDGGD' .PAVI ~Y2 ~V3 ~V4 MSPOR' LTYPE' FINDR' 
12211 711 NE SU D&G &II 1280 6328 &894 566 13 o.r.o 119 2 MISSP 
I 22N 711 Ill 5(, SE DIG &II 1279 6320 6890 570 3 3 IMISSP 16 
222N 711 NE NW Nil D&G &II 1312 6375 6944 569 17 17 I MISSP 47 
222N 711 NE D&G &II 1301 6350 6919 569 B B I MISSP 
222N 711 -tlw 5I: SE O&G 85 1294 6363 6927 564 ' I I I IIJSSP 26 I 
322N 7W HE Sll D&G 66 1324 6420 '6983 563 '23 0.90 181 fMISSP 18 2 2 
422N 711 1\1'1 O&G 75 1335 4- 4 2 MISSP 
422N 711 NE Sll O&G 66 1331 6454 7024 570 9 o.r.o 115 I MISSP 6 2 2 
4 2211 711 Sit SW D&G 84 1327 6470 7048 578 I 0.10 19 I MISSP 2 I 
422N 7W SW SE SE O&G 84 1325 6463 7025 562 2 0.16 30 I KISSP 12 I 
522N 7W E211l!tf.IDIG84 1285 6410 6970 5&0 I I I MISSP 62 I 
522N 7W E2 Sll SW D&G 84 1262 6420 6990 570 I I IIHSSP 2 I 
522N 711 Nil SE O&G 66 1309 6450 7023 573 16 2.80 509 I MISSP 43 2 2 
622N 7W Sll Nil Nl( D&G 84 13.':2 6500 7074 574 3 0.10 21 I MISSP 35 I 
622N 711 NEM<U:DIG~ 1324 6460 7028 5&8 5 0.10 23 I MISSP 3 
622N 7W S2 NW SW O&G 84 1307 6500 7076 576 0.01 2 I MISSP 23 I 
622N 711 Nil SE DIG 65 1317 6480 7054 574 27 4.05 740 I MISSP 10 2 
7 22N 7W E2 W2 SE NW O&G 84 1295 6521 7090 569 0.01 2 I l'IISSP 2 I 
7 22N 711 W2 SW DIG 84 1274 6542 I 0.45 80 I MISSP 12 I 
7 22N 7W SW SE O&G 62 1239 6501 II 1.89 344 I KISSP 29 2 
822N 711 SW NE NE DIG 84 1325 6490 7056 566 I 0.12 22 I MISSP 6 I 
822N 7W NE SW Sll D&G 84 1295 6527 7090 563 I 0.17 - 31 I KISSP 8 1 
822N 7W NW SE O&G 66 1311 6505 7065 5&0 21 2.83 519 I MISSP 177 2 
9 22N 7W SE NW DIG 66 1323 6488 7054 566 15 2.04 374 I KISSP 4 

10 22N 711 Nl: Gil O&ll 66 1:!94 £>4~6 70i.ll' 546 22 J. 73 326 l MISSP 
12 22N 7W N2 S2 NW D&G 85 2 0.20 37 I ~!SSP 
12 22N 7W Sll NE NE D&G 85 2 0.20 37 I MISSP 7 
12 22N 711 112 S2 SW DIG 85 2 0.20 37 1 MISSP 21 
12 22N 711 Sll NE SE DIG 85 2 0.20 37 I MISSP 224 
13 22N 711 Nil NW SE Sll D&ll 82 1282 2 0.76 136 I MISSP 
14 22N 711 Sll NE DIG 65 1273 '6412 6968 556 27 3.27 &03 I MISSP 16 2 
14 22N 711 NE Sll SE. DIG 85 0.13 23 2 MISSP 
15 22N 711 f2 112 Nil O&G 87 mi £>458 .. 2 MISSP 
15 22N 7W W2 S11 DIG 86 1286 6480 7030 550 I KISSP 1 I 
15 22N 711 NW NW SE O&G 66 1281 6452 7oo0 548 2 ·0.70 125 I MISSP 6 2 
16 22N 711 SE NW 0&6 67 1309 6515 7077 562 ~~ 3.00 546 1 MISSP II 2 2 
16 22N 7W W2 SE Sll D&G 84 1291 6540 I' 0.58 103 I MISSP 
16 22N 711 SE D&6 86 1291 6501 7056 555 0.02 4 1 KISSP 202 
17 22N 711 SE Nil NW D&G 84 1274 6516 7080 564 0.50 89 I KISSP 2 
17 22N 7W NOE D&G 84 1304 6510 7066 556 0.06 II I MISSP 2 
17 22N 711 NE Sll 0&6 &5 1280 &550 7106 556 10 I. 75 318 I MISSP 23 2 
18 22N 711 S2 NW Nil 0&6 84 I 0.34 61 I MISSP 2 I 
16 22N 7W Sl: Sll D&ll r.3 121!6 6632 7:!12 580 3 0.96 175 1 IHSSP 24 2 2 
18 22N 7W N2 SE SE O&G 84 1264 65&0 7120 560 (1.10 18 1 MISSP 3 
19 22N 711 N2 Sll NW O&G 84 1221 &580 7148 5&8 0.15 27 I MISSP 
19 22N 711 ' NE NE D&G 84 1274 6578 0.24 ,43 rMISSP I I 
19 22N 711 NE SU O&G 65 1240 6583 7159 576 28 4.65 846 I MISSP 31 2 2 
19 22N 711 N2 SE SE D&G 85 1274 0.37 '66 1 MIS...:P 
20 22N 7W' N2 Nil O&G 84 1275 6584 7154 570 0.11 19 I KISSP 4 1 3 
20 22N 7W N2 NE 0&6 84 1283 6566 7146 580 3 0.87 156 I MISSP 30 I I 
2022N 711 NE SI.J 0&6 66 1254 6591 7156 565 71 6.40 1197 I MISSP r.o 2 2 
2022N 711 S2 NE SE D&G 84 1275 6572 7152 580 I 0.10 19 1 MISSP 44 I 
21 Wi 7W SE NW D&G 66 1283 '65&0 7125 565' 30 4.30 .787 I JIIISSP 41 2 
21 22N 711 S2 N2 NE O&G 87 1281 6518 7070 552 I KISSP 37 I 
21 22N_ 711 N2 S2 SU D&G 84 1279 &570 7148 578 4 0.56 103 I MISSP 43 I 
21 22N 7W E2 Sll SE O&G 84 1287 6576 7156 580 I MISSP 142 I 
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SEC M' ~ S4 53 SZ 51 .ST VR ElEV IIISSP IIDFRD MSI50 1 CUOIL 1 CUGAS 1 EllOJL 1 LOGGD 1 $PAY I $PAY2 $PAVJ $PAV4 MSPIIR 1 LTYPE 1 FINDR 1 

22 22N 711 SE Nil 0&6 66 1280 6494 7033 539 14 2.40 436 I IIISSP 59 2 2 
22 22N 711 52 Nl: Nl: O&G 114 1205 6484 70H 53(1 (l.J(l IS I MISSP 15 I 
2222N 711 E2 SW SW D&6 84 1278· 6528 7082 554 2 0.46 8J I MISSP 47 I 
2222N 711 SESE D&G 84 1280 I 0.12 22 I IIISSP 
23 22N 711 SE Nil 0&6 65 1278 6469 7014 545 16 2.78 505 I IIISSP 28 2 2 
23 22N 711 S2 NE SW D&6 84 1284 6480 7014 534 I 0.10 ' 19 I IIISSP 2 I 
23 22N 711 SW NE SE D&B 84 1305 6465 7004' 539 '0.10 18 I MISSP 3 2 
24 22N 711 SE Nil D&6 liS 1265 6418 ' I. 72 303 I MISSP 13 I 
24 22N 711 SW Nil Nil D&G ,85 1285 6446 6984 538 0.16 28 2 IIISSP RDFRK 
24 22N 711 E2 SW SW O&G 86 1274 6458 7010 s52 3 0.19 36 I IIISSP RDrRK 38 
2522N 711 Nil Ill D&G 66 12n 6459 7024 565 7 1.00 IBJ I MISSP 98 
25 22N 711 SW NE D&G 85 1273 6448 7038 590 2 0.14 27 2 IIISSP 
25 22N 711 Sl Ell D&6 85 1282 647(1 7060 590 3 0.15 29 2 IIISSP 
26 22N 711 Sf; O&G 69 1280 17 1.53 286 2 MISSP 
27 22N 711 Sf Nil D&G 66 1282 6501 7096 595 22 2.39 443 I IIISSP 13 2 
2722N 711 S2 NE NE ·DIS 84 1282 I 0.10 19 2 MISSP 
27 22N 711 N2 sw 511 D&6 84 1274 4 0.30 57 2 IIISSP 
27 22N 711 SZ SE D&6 84 1285 6525 7110 585 2' 0.10 20 I IIISSP 9 
28 22N 711 E2 112 Nil D&G 84 1264 6570 7180 610 9 0.34 69 I IIISSP 10 I 
28 22N 711 E2 NE D&G 84 1265 6550 7112 562 1 1 1_MISSP 20 1 
28 22N 711 Nf- F\l 0&6 66 1230 6544 36 2.23 ,428 1 IIISSP 3 
28 22N 711 E2 112 SE O&G 85 1277 6610 7204 594 5 0.16 33 1 IIISSP 22 I 
29 22N 711 Nil NE 0&6 84 1264 6600 7186 586 4 0.67 122 I IIISSP 18 I 
29 22N 711 NE 511 D&6 66 , 1255 6630 7236 606 98 '2.06 461 I MISSP 3 
29 22N 711 Sll NE SE D&G 84 1235 6576 7182 606 8 0.10 26 I MISSP 12 I 3 
30 22N 711 F2 112 Nf Nil D&G· 114 1238 I 0.42 75 2 MISSP 
30 22N 711 NE D&6 78 12~ 6585 7168 583 13 1.07 201 1 IIISSP 3 
30 22N 711 NE Sll D&G £.5 1219 6610 7200 590 108 1.63 395 I MISSP 44 I 2 
3022N 711 SE D&G 84 .1278 6588 7186 598 11 0.22 50 I IIISSP 14 I 
31 22N 711 SENE D&G 79 1200 6617 7233 .616 I MISSP 3 
31 22N 711 N2 S2 Nil NE 0&6 80 1200 6606 7232 626 13 0.16 41 I MISSP 
31 22N 711 Nil Nil SE Sll D&G 83 1181 6620 7216 596 8 8 I MJSSP 47 I 
31 22N 711 Nil SE 0&6 66 1192 6626 '7226 600 so 2.63 513 I MISSP 27 2 2 
31 22N 711 SE SE O&G 79 1187 6630 I I 2 MISSP 
32 22N 711 SE Nil 0&6 66 1213 6654 7299 645 231 4.20 970 I IIISSP 34 2 2 
32 22N 711 NW Nil Nil O&G 114 1230 6610 7230 620 I MISSP 
3222N 711· Nil IE DIG 78 1247 6592 7210 618 I IIISSP 121 I 
3222N 711 52 SE IE 0&6 84 1266 6642 7262 620 I MISSP 85 I 
3222N 711 SE Nil Sll 0&6 79 1220 6650 7260 610 I IIISSP 3 
32 22N 711 S2 SE Sll DIG 85 1237 6650 7260 61(1 I IIISSP 130 I 
3222N 711 SESE D&G 76 1250 6671 7304 633 I JIIJSSP Ill 
3222N 711 SE NE Nil SE O&G 84 1235 2 MJSSP 
33 22N 711 Sll NE D&6 66 1273 6634 723o 596 226 3.66 870 I IIISSP RDFRK 59 2 2 
33 22N 711 SENE D&G 83 17 17 2 IIISSP 
33 22N 711 SE SW 0&6 76 1287 6681 3 1.33 237 2 IIISSP 
34 22N 711 SE NU DIG 66 1288 6606 7187 581 77 4.22 820 I MISSP RDFRK 68 2 
34 22N 711 E2 112 SE N£ DIG 84 2 MISSP 
34 22N 711 N2 N2 NE O&G 84 1305 2 MISSP 
34 22N 711 SE S11 O&G 77 1296 6652 7240 588 ~ 2 MISSP 
3522N 711 Sll SE NE DIG 68 12114 6471 69 1.54 340 2 IIJSSP 
35 22N 711 Sll Nil SE SE 0&6 78 1318 8 0.2& 54 2 IIISSP 
3622N 711 E2 O&G 68 1284 6480 7080 600 28 1.29 255 2 IIISSP 
3622N 711 NE. HE 0&6 78 g 0.15 35 2 IIISSP 
3622N 711 Sll NE NE Sll D&6 78 4 0.12 25 211ISSP 
I 22N 8W S2 N2 511 Nil 0&6 85 1298 6502 7082 580 I 0.01 3 I IIISSP 
I 22N 8W N2 NE 0&6 '84 1304 6482 7062 580 2 2 I IIISSP 



SEC lWP RGE S4 53 52 51 Sl YR ElEV MISSP WDFRD 1151501 CUOIL' CIJGilS' EllDlL' LOOGD' WAY! tPAY2 WAV3 $PAY4 MSPDR' llYPE' flt{OR' 
1 22N BW NE 911 SW O&G M 1285 6520 7098 578 0.04 7 1 MISSP I 1 I 
I 22N llW NW SE D&6 65 1294 64% 7070 574 19 2.49 457 I MISSP 15 I 
2 22N 8W 
2 22N sw 
2 22N 8W 
2 22N 811 
322N 8W 
3 22N BW 
3 22N 8W 
4 22N 8W 
4 22N 8W 
4 22N 8W 
5 22N 8W 
6 22N 8W 
6 22N 8W 
7 22N 8W 
8 22N 8W 
!!22N 8W 

_922N 
9 22N 

10 22N 

8W 
8W 
8W 

- '112 NW O&G M 
112 E2 NE O&G 84 1301 6522 7100 

SE SE D&G 84 1295 65~1 7120 
NE SU O&G 65 1253 6500 , 7079 
SE NW O&G 66 1307 6546 7133-
N2 liE o&s 84 

' E2 911 SE 0&6 84 1279 6550 7125 
' NE NW 0&6 84 

-W2 SE 5W O&G M 
NW SE O&G 66 128b 6602 7138 
NW SE O&G 67 1308 6593 7162 

SW O&G 80 
NW SE D&G 68 1242 65"..0 7126 
NW SE 0&6 67 12&1 6628 

N2 5W SW O&G 84 1244 
NW SE O&r, 66 1259 6600 7178 

E2 NW NE O&G 84 
NW SE O&G 66 126.3 

NW O&G 78 1289 
10 22N 
10 22N 

8W 52 N2 Slol S\1 O&G 84 1297 
8W NW SE O&G 65 1291 

6592 
6592 
6638 
6608 

7180 
7163 
7208 

II 22N 8W 
II 22N 8W 
11 22N 8W 
12 22N 8W 
12 22N 8W 
12 22N ·sw 
12 22N 8W 
12 22N 8W 
13 22N , BW 
13 22N BW 
13 22N 8W 
13 22N- BW 

SE NI-l N\t O&G 84 1275 
112 NE 5.1 O&G 84 

Nl.l 5':" O&G 66 1272 6560 7138 
SE NW D&G 65 1271 6537 7114 
E2 NE 0&6 83 
SE tl£ O&G 82 1283 6530 7106 
sr SW DIG 84 1261 

N2 Sl f~ DIG 87 12S3 
NW NW O&G 87 1253 

52 N2 NE O&G 86 1274 
NE SW O&G 65 1247 

SW NE SE O&G 84 1269 

6555 7129 
6552 7120 
6552 7130 
6570 7138 
6565 7130 
6568 7146 

14 22N 8W NW NW D&6 84 
14 22N 8W 52 NE NE O&G 87 1267 6574 7149 
14 22N 811 NE Slol D&6 65 1215 6586 7154 
14 22N BW 
15 22N 8W 

NE 'SE D&G 85 
'SW NW D&G 84 

578 
569 
579 
587 

575 

536 
569 

576 

578 

588 
571 
570 

578 
577 

576 
574 
568 
578 
568 
565 

'578 

575 
568 

15 22N 8W N2 52 NW NE D&G 84 1268 6625 7190 565 
15 22N 8W SW D&S 84 1263 6664 7Z24 560 
15 22N BW NW SE DIG 66 1233 6622 7188 566 
16 22N 8W N2 NW O&G 83 1247 6592 7168, 576 
16 22N 8W N2 NE DIG 84 1264 6508 7048 540 -
16 22N 811 E2 NE Sll O&B 66 1259 6656 7228 572 
17 22N 8W 5W NE NW D&G 84 1246 6625 
17 22N 8W N2 SE NE D&G 84 1242 6636 7200 564 
17 22N 8W NE SW D&G 66 1243 6656 7227 571 

, 17 22N BW NW SE SE DIS 85 1229 6640 7202 562 
18 22N BW E2 911 5W DIG 84 1235 6748 7310 562 
18 2m 811 NW SE O&G 67 1272 6702 
19 22N 8W 52 NW NE O&G 84 1279 6718 
19 22N 811 NW SE D&G 66 1299 6779 
20 22N 8W E2 NW NW O&G 84 1263 6696 7304 608 
20 22N BW E2 NW 911 D&G 84 1266 6742 7316 574 

2 2 
1 o. 07 13 
1 0.23 41 

28 3. 71 681 
19 2.15 397 
5 0.05 14 
3 (1.15 29 
1 1 
2 0.22 41 

11' 1.10 205 
7 0.30 60 ' 
3 0.01 5 

0.01 2 
4 0.98 176 

0.03 5 
8 1.61 291 
1 0.09 17 

16 3.01 54~ 
0.37 65 
0.34 60 

24 3.09 568 
2 0.12 23 

0.01 2 

33 5.05 922 
48 5. 75 1060 

0.03 5 
0.01 2 
0.63 112 
0.02 4 
0.(1£ 11 
0.10 . 18 

44 6. 71 1225 
0.34 GO 

2 0.43 78 
0.10 18 

28, 3.17 58(, 

0.01 2 
0.47 83 

1 0.23 41 
1 0.22 40 

46 5.18 958 
0.20 35 
0.05 9 

45 5.54 1020 
0.10 18 

1 0.13 24 
14 2.18 ~ 

0.23 -40 
0.08 15 

5 0.95 172 
0.26 46 

13 '2.25 409 
0.55 97 

1 

MISSP 
1 MISSP 
I MISSP 
1 MISSP 
IIHSSP 

MISSP 
1 MISSP 

MISSP 
MISSP 

I MISSP 
I MISSP 

MISSP HUNlN 
I MISSP 

.USSP 
1 MISSP 

MISSP 
MISSP 

1 JIIISSP 
I MISSP 
1 MISSP 
1 MISSP 
I MISSP 

Ill SSP 
1 MISSP 
1 MISSP 

MISSP 
1 MISSP 
1 MISSP 
I MISSP 
'I III SSP 
1 i'IJSSP 
1 MISSP 
1 MISSP 

MISSP 
I JIIISSP 
I MISSP 

III SSP 
III SSP 

1 JIIISSP 
1 IIISSP 
1 MISSP 
1 MISSP 
1 IIISSP 
I MISSP 
1 MISSP 
1 MISSP 
1 MISSP 
1 MISSP 
I MISSP 

MISSP 
I MISSP 

MISSP 
I IIISSP 
I MISSP 

5 

22 
23 

4 

39 
26 

18 
25 
1 

39 

56 
34 

19 
7 
8 

41 
5 

42 

10 
2 

22 
64 
4 

24 
2 

32 
44 
64 
92 

38 
41 

2 
2 

I 
2 

2 

I 
2 

2 
2 

1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 

2 

2 

I 
2 

2 

1 
4 

2 

1 
2 
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SEC TWP 1!6£ S4 53 52 51 ST VR B.EV I!ISSP WDFRD I'ISJSO' COO!L' CIJGAS' EOOIL' LOOG!l' $PAY! $PAY2 $PAY3 SPAY4 I>ISPOR' LTYPE' FJNDR' 
2(o 22N 811 N2 SE I.E D&G 87 1234 7218 0.10 18 I'IJSSP 
20 22N 811 Nlol SE DlG 66 1244 6704 7266 ~ 14 2. 97 537 I I'IJSSj:• 9 2 
21 22N 811 N2 Nil D&G 83 1228 6652 7216 564 I 0. 80 142 I MISSP 22 
21 22N 811 NE NE O&G 77. 1264 6700 6 1.4f 254 Ml5SP 
21 22N BW Nil NE O&G 66 1215 6662 7214 552 26 2. 92 540 I MJSSP 28 2 2 
22 22tl 811 112 tiE Nil O&G 8~ 1240 6!>62 7240 578 0.10 18 I MISSP 8 
22 22N ' 811 N2 NE O&G 84 MJ5SP 
22 22N 811 NW SE NE O&G 87 1219 6630 7210 500 I MJSSP 1 
22 .':2N 811 N2 NW SE O&G 65 1215 6640 7220 58(1 41 4. 70 . 868 1 IIJSSj:• 27 2 2 
22 22N 8U Sll Sll O&G 84 0. 58 102 MISSP 
23 22N 8U N2 52 NW Nil O&G 82 1235 6621 I ' 0.15 27 MJSSP 
23 22N, 8U NE NE O&G 83 1228 6621 I 0.27 49 MISSP 
23 22N 811 NE SW O&S 64 1194 6578 55 6.42 Jl85 I MISSP 25 2 
24 22N 811 SE Nlol NW OlG 84 1240 6592 7178 586 I 0. 22 40 I Ill SSP 4 I 
24 22N 8U NE 511 O&G 65 ,J219 .6583 7172 589 6.13 1079 I I'IISSP 57 2 
24 22N 811 SE SE'O&G 84 1232 6582 7m 592 2 '0.24 44 I MISSP 77 I 
24 22N 814 N2 NE O&G 85 1248 6590 7154 564 1 1 I MISSP 10 1 
25 22N 8U NE Nil O&G 84 1217 6596 7190 594 12 0.32 68 1 MISSP 83 I 
25 22N BW NE NE O&G 84 1212 6580 7172 592 3 o; 19 36 '' I' MISSP 120 1 
25 22N 8U NE SW O&G 64 1214 664c 7c40 59!1 146 Z.07 510 1 MISSP IUITN 4 
25 22N 811 NE SE O&G 84 1214 6620 . 7206 586 2 2 I MI5SP 2 I 
26 22N 811 NE Nlol O&G 64 1202 6620 7220 600 52 4. 90 914 I MISSP 
26 22N 811 SE SE NE·O&G 78 1202 6613 7220 607 M 0.69 205 1 MISSP 
26 22N 8U NE 5W O&G 63 1217 6660 7248 5S8 84 0.43 160 1 MISSP 
26 22N BW SE SE O&G 82 1219 6652 7256 604 15 0,(14 22 1 MISSP 4B 
27 22N 811 112 112 E2 Nil O&G 83 1211 6648 7230 5BZ 4 0. 50 92 I IHSSP HUNW 52 
?.7 22N 811 52 112 SE NE O&G 77 11'38 ~6 7214 5S8 ' 4 0, 70 127 HI SSP 
27 22N 811 SE SW O&G 83 1213 6680 7264 584 8 0.07 20 I MISSP WlNNG 91 
27 22N 8W NW SE O&G 64 'i209 6656 7238 582 62 2.03 419 1 MISSP 
28 22N SW NW DRY 86 1218 6680 7254 574 l 8 
28 22N 811 E2 Nt.J NW O&G 87 1218 6680 7248 568 I MISSP 
28 22N SW Nil Nf O&G 84 1283 6662 7234 572 3 0. 42 77 I HUNTN 22 
28 22N 8W NW S~ O&G 64 1207 72"'...8 IS I. 34 254 MI5SP 
28 22N 8W t>f,' S'.l O&G 84 1223 6700 7284 584 1 1 I MISSP 2 
29 22N SW 112 Nl ~fl O&G 84 1275 6786 2 0. 58 104 J MISSP 
29 22N 8U Nr SH 0&6 65 1214 6736 7326 590 23 1.61 306 I IIISSP 4 
29 22N 8W E2 E2 112 SE O&G 84 1213 6720 7326 606 4 0. 26 50 1 HI SSP 2 I 
30 22N 8U E2 NW NE OlG 84 1295 6792 '7378 586 4 0.10 22 1 1'1!5SP 10 I 
30 22N 8W 52 NW SW O&G 84 1280 6816 7402 586 1 0.10 19 1 1115SP 3 1 
30 22N 811 NW SE O&G 66 1266 6805 7378 573 21 .1.06 208 I MISSP 4 
31 22N 8W 1~1 NA 0&6 84 1253 6812 7405 593 5 0.19 38 1 IIISSP 66 1 
31 22N SW Sll NE O&G 66 1219 679& 7387 591 19 1.21 232 MI5SP 
31 22N 8W NE.N£ SW Sll O&G 83 1234 6836 7398 562 15 o.:U 70 1 MISSP 120 
31 22N BW SW SE O&G 85 1218 680& 7374 568 7 7 I MJSSP HUNTN 50 
32 22N 811 Nil SE NW NW O&G 84 1224 6756 7350 594 6 0.29 57 MISSP 
32 ?.2N 811 E2 E2 Nil NE O&G 83 1220 6 0. 71 131 I I'll SSP 
32 22N 8W . Sll SW O&G 83 1216 6794 7~ 588 31 0, 54 126 I III SSP 41 
32 22N 8U . NW SE O&G 67 24 0. 85 174 MISSP 
33 22N 8U SW NW O&G 84 1215 6744 7348 604 2 0. 20 37 1 MISSP 5 
33 22N Bli SW NE O&G 65 1210 6736 7294 558 15 I. 50 279 I MISSP 
33 22N 8W SE Sll O&G 84 5 0.05 14 HISSP 
33 22N 811 SE SE O&G 84 1200 6730 7314 584 I I 1 MISSP 78 
34 22N 8W Nil NW 0&6 83 1212 6712 7296 '584 4 0.17 34 I I'IISSP 60 
34 22N BW Sll NE O&G 64 1204 6687 7274 587 13 1.89 346 1 IIISSP 
34 22N 811 Sll SW O&G 85 1204 6687 73 ... 00 633 6 6 I MISSP 22 
34 22N 811 Nlol SW O&G 83 1216 6708 7298 590 7 ., 0.24 49 1 MISSP 46 
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SEC TIIP RSE 54 53 52 Sl ST YR ELEV MISSP WDFRD MSISO' CUOIL' CUGAS' Ell01L 1 LOOGD' iPAYI $PAY2 $PAY3 $PAY4 MSPOR' LTYPE 1 FINDR' 
34 22N ew 511 FE 0&6 79 1217 6712 7308 2 2 I PIISSP 38 1 
3522N 8W SE Ill 0&6 62 1259 6746 ll o. 7l 136 MISSP 4 
35 22N 8W sr NE O&G 65 1238 6702 7324 622 12 2.30 417 MJSSP 
35 22N 8W SE SW 0&6 fA 1260 6751 7355 604 101 !OJ 1 MISSP 
35 22N 8W NE SE Nil st. 0&6 83 1~.X 6728 7348 620 8 0.16 36 I MISSP 149 
36 22N 8W SE NW Nil O&G 84 1210 6648 7274 626 5 o. 10 23 1 I!ISSP 2 
36 22N 8W SE NW NE 0&6 84 1202 6625 7220 595 15 0.15 41 1 MISSP 12 
36 22N 8W Nil SE O&G 64 54 1.64 343 I! I SSP 
1 22N 9W SW O&G 80 1261 6631 7222 591 5 0.15 31 I I!ISSP 10 1 
122N 9W NE NE Nli SE 0&6 68 1250 6586 7190 604 7 0.52 99 1 MISSP 52 2 4 
222N 9W SE Ill DRY 85 1274 1 
222N 9W SE NW Nil Nil DRY 81 1301 6650 7252 602 1 4 
2 22N 911 SE NE O&G 80 1279 6626 7228 602 9 9 I MISSP 
2 22N 9W NW SW 0&6 86 1280 6648 7236 588 0 o. JO 18 J MISSP 15 
222N 9W SE SW O&G 79 1300 6691 7268 577 4 4 J MISSP 58 
2 22N 9W SW SE SE O&G 77 1279 f>£.58 7250 '592 JJ 0.30 64 J MISSP 25 
3 22N 9W SE NW O&G 65 1316 669Z 7300 608 15 15 I MJSSP I!AtflG 19 2 
32211 9W SW NW NW O&G 73 1329 ,4 0.30 57 J mtflG IJSWG() 

3 22N 9W NW NE O&G £.5 1308 £.666 7252 586 21 21 1 MISSP 17 2 2 
3 22N 9W SENE 0&6 77 1296 2 0.15 28 MAillS OSIIGO 
3 22N 9W E2 112 SW SW 0&6 7£. 1334 6730 7342 9 0.20 44 J NllNNG OSWGO 3 
3 22N 9W SE SE O&G 79 1306' &714 7300 58& 13 0.40 83 1 MISSP 2 2 
4 22N 9W NW tt.J O&G 65 '1403 6807 7387 580 89 89 I MISSP 134 2 2 
4 22N 9W SW NE O&G 65 1347 6739 7314 575 89 89 J MISSP MANNS 
H2N 9W tt.J SW O&S £.7 1385 89 89 1 flmlG 
4 22N 9W Nil SE O&S 67 1344 89, 89 1 *lNNG 
522N 9W Nw NW O&G 66 1394 6812 7402 590 89 89 I MISSP 8 
5 22N 9W SE Nil O&B 67 1382 37 37 I IIAitiG OSIIGO 
5 22N 911 SENE O&G 67 ,1~98 89 89 I MAitiG 
5 22N 9W SE SW O&G £.7 1371 89 89 1. MANNG 
522N 9W NW SE O&G 65 1390 6810 7400 590 ' 89 89 1 HISSP 6 2 
6 22N 9W SE NW O&G 65 1378 6823 12 12 1 MISSP 
6 22N 9W NE NW O&G 75 1385 £.808 7396 588 4 4 I 051160 8 
6 22N 9W SW NE NW NW O&B 82 1385 6822 7414 592 3 o:o3 8 J MJ SSP IIUNTN ll J 
6 22N 9W SE NE 0&6 65 1375 6801 . 7398 597 26 0.40 96 I MJSSP 9 2 
£> 22N 9W N2 S2 NW NE O&B 81 1387 6790 7388 598 9 9 1 Ill SSP OSWGO HUNTN 13 
6 22N 9W NW SW O&B 83 MISSP !tiAN!lG H!JIITN 
6 22N 9W SE SW O&G 65 1357 6820 7414 594 88 0.60 194 1 MISSP 23 2 2 
6 22N 9W NW SE 0&6 65 1369 6809' 7407 598 37 37 1 MISSP 26 2 2 
7 22N 9W SE NW O&G 77 1353 bBIO 7354 544 24 0.10 42 Ill SSP OSWGO I!AmB 
722N 9W N\1 tif' 0&6 65 1359 6829 7415 ' 58& I MISSP 14 2 2 
722N 9W SE SW O&G 76 1355 &846 7380 534 ' 67 0.10 85 J 111 SSP OSIIGO IWtlG 6 I 
7 22N 914 NW N\1 ~~~ O&G 82 1352 6830 7428 598 .. 4 0.20 39 I Ml SSP lfJNTN 28 J 
7 22N 9W N>! £.!:. O&B 76 1358 6835 7366 531 71 71 1 Ml SSP OSIIGO HUNTN 44 
7 22N 9W 511 IT O&B 83 1348 6830 7424 594 10 10 1 M!SSP tr...WOO IUffil VIOLA 4 
7 22N 9W SE SE O&S 82 1342 6832 7410 578 26 26 I MISSP OSWBO Vl!Ul 
822N 9W NW NW O&G 67 1366 89' '89 J IWflG 
8 22N 9W NW NE O&G 67 1371 89 89 .. 1 liN~ 

8 22N 9W Nl SW O&G 70 1357 ' 20 '20 ' I DSWGO 
8 22N 9W Nil fE 0&6 67 1357 29 29 I I'IN<IG OSWBO 
922N 9W NIIAI 0&6 68 1378 6834 7414 580 I MISSP MANilG 
9 22N 9W Nl NE DlG 65 1349 6768 7370 602 75 '0.40 145 I MISSP 2 
9 22N 9W 112 SE SE NE DAB 77 HISSP OSIIGII i'IMlG 
9 22N 9W Nil SE 0&6 76 1366 6814 7410 596 19 • 0.10 37 I MISSP 
922N 9W SE SE 0&6 76 1370 6832 7430 598 15 0.50 103 J MISSP MIINNG 
922N 9W SE SW O&S 77 1363 6824 12 0.20 47 JIANN6 oswso 
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SEC TWP R6E 54 53 52 51 ST YR REV MISSP IIDFRD IISISO' CUOIL' CUGilS' EOOIL' LllffiD' $P~YI SPAY2 $PllY3 WAY4 HSPOR' LTYPE' FINDR' 
9 22N 9W NW NW SU O&S 79 1365 6849 7453 604 13 0. 20 48 MISSP OSUGO mlNll 

10 2211 9W 511 SE NW O&G 79 1354 6762 7362 E.OO 3 . 0.16 31 1 MISSP RDFR!I 
10 22N 9W E2 112 SE IE O&G 77 1326 6735 7310 575 5 5 I MISSP 
10 2211 9W SE S~ O&G 65 J3C.I 6804 73'3B :m 32 1.00 208 I I>IIGSP 
10 22N 9W SE SE O&G 65 1328 6765 7339 574 9 0. 79 148 I III SSP 
11 22rl 911 Sll NE NW O&G 85 1333 6737 7319 5ll2 3 3 I MISSP 
11 22N 9W NE 1£ Sll NE O&G 84 1284 6687 7262 575 2 0.15 28 I MISSP 
11 22N 9W Sll 5'4 DRY 65 I 329 6 770 1 
11 22N 9W NW SE O&G £.7 1303 £.702 730£. 604 13 1.17 219 1 I'IISSP 
12 22N 9W Nh' Nil O&G 84 1287 66£.4 7274 &10 4 0. 57 104 1 MISSP 
12 22N 9W 52 NW NE O&G 87 1276 6£.42 7232 590 1 IIISSP 
12 22N 9W NW SE D'G 67. 1288 6679 7302 623 8 0. 73 136 I I'IISSP, 
13 22N 9W NE NW O&G 84 1335 6730 7350 620 I I I IIISSP 
13 22N 911 E2 lliJ II; O&G ,84 12% £.712 7312 GOO 1 · 0.07 13 I MISSP 
f3 22N 9W W S~ O&G £.7 1339 £.764 7380 596 6 0.56 105 1 I>IISSP 
14 2211 9W 1£ NE O&G 64 1324 6756 7362 606 1 1 1 MISSP 
H 22N 9W NW SE O&G 67 1308 6752 7334 5ll2 15 0. 46 96 1 Ill SSP 
15 22N 9W SE NW 0&6 65 1356 6814 7401 587 I MISSP 
15 22t4 9W Sll NW DRY 51 1349 6820 7410 590 
15 22N 9W SE NE O&G 65 1318 6777 7368 591 
15 22N 9W SW SW O&G 69 1350 6834 7408 574 
15 22N 9W NW SE 0&6 76 1313 6786 7374 588 
16 22N 9W SE NW O&G 69 1354 6823 7408 585 
16 22N 9W NW NE O&G 69 1358 6872 7414 542 
16 22N 9W NW SW O&G 76 1353 6847 7440 593 
16 22N 9W SW SE O&G 81 1349 6846 7430 564 
16 2211 9W NE SE O&G 70- 1357 6833 7407 574 
17 22N 9W NW NW O&G 76 13'J6 6842 7422 58(1 
J7 2211 9W SW NE SE NW D&G 81 1352 6850 
17 22N 9W S2 Sll NW DIG 02 1352 · 6854 7438 584 
17 22N 9W N2 52 Ntl liE DIG 77 }34~ e.836 74~ 
17 22N 9W NW SW O&G 17 1348 6852 7428 576 
17 22N 9W NW SE 0&6 76 1332 6846 
17 22N 9W 52 SW SE O&G 82 1351 6866 7428 562 
J7 22N 9W N2 SE SE SE DRY 81 
17 22N 9W NE SE SE SE O&S 81 1346 6895 7474 579 
18 22N 9W SE NW O&G 79 1343 6874 7420 546 
18 22N 9W NW NW O&G 77 1344 6869 7470 6(11 
18 2211 9W 112 NW NE O&G ·so 
18 22N 911 SE NE O&G 77 1344 6852" 7440 588 
18 22N 9W NW Sll O&G 77 1339 6882 7490 608 
18 22N 9W SE Sll O&G 78 1337 6895 7494 , 593 
18 22N 9W 52 SE SW O&G 81 1339 
18 22N 9W NW SE O&G 78 1337 6870 
18 22tl 9W SE SE SE OIG 80 1339 6908 7502 594 
19 22N 9W SF 1111 OIG 78 1332 6909 7516 607 
19 22N 9W · NW NW OlG }9 1334 6905 
19 22N 9W NW 1>1< N.': O&G 81 1337 6886 7488 602 
19 22N 911 SE NE O&G'79 1341 6922 7512 590 
19 22N 9W NE SW DRY 65 1335 6942 7558 616 
19 22N 911 NW NW SW O&G 80 1337 . 6942 
19 22N 9W NW SE SE SE O&G 79 1340 6973 7520 54 7 
20 22N 9W W2 NW ~~~~ O&G 79 1334 £.910 7522 612 
20 22N 9W NE 1£ NW OIG 83 1339 6868 
20 22N 911 SE N~ O&G 79 1341 6886 
20 22N 9W NE SW NE DRY 64 . 1336 6883 7470 587 

27 0.40 
29 
33 0.10 
41 0.20 
35 0.20 
48 

, 3 

47 
57 0.20 
23 0.10 
6 (1,(14 

43 (1, 10 
13 0.04 
19 
10 

13 
46 0.10 
45 0.10 
22 0.10 
34 0.10 

0.25 
75 

30 0.10 
15 
17 . 0.'12 
18 0.10 
3 

25 0.25 

4 
9 o.os 

22 
23 
28 0.10 

97 
29 
51 
76 
70 
48 
3 

47 
92 
41 
13 
61 

19 
10 

13 
64 
63 
40 
52 
44 
75 

48 
13 
38 
36 
3 

69 

4 
23 
22 
23 
46 

1 ,JIIJSSP 
I MISSP mNNG 
1 MISSP HIINNG 
1 MISSP 
I MISSP MllNNG 
1 MISSP OSUGO MANNG 
I 1115SP 
I MISSP WlNtiG 
I i'IISSP OSUGO MAI~IG 

MISSP OSWGO WlNtl6 VIOLA 
I MISSP WiliNG VIOLA 
I Ml SSP OSWGO tlllUNG 
1 MISSP 
1 MI SSP OSHGO t'J\NNG 
1 MISSP WlllNG VIOUl 

I III SSP RDFRI< MANNS 
I'll SSP OSIIGO MANNG 

1 MISSP MtDlG HUNTN 
III SSP OSW60 HtMN 

I MI SSP OSWGO MANNG HUNTN 
1 I'll SSP OSIIGO MANNG 
1 HLINTN 
1 MISSP OSWGO MANNG Vlll.A 
1 MI SSP OSWGO mNNG 
I MISSP HlMN 
1 IIISSP OSWGO WlNNG 

MISSP OSIIGO mlNG HUNTN 
1 MISSP VIOLA 
I MISSP OSWGO l'lllNNG fWTN 
1 
1 I'll SSP OSWGO 

MISSP OSWGO l¥mi HLMN 
I MISSP 
I MISSP OSUGO 

MISSP OSWGO ~ IUITN 
1 

18 
6 

30 
38 
26 

8 
2 

12 
1 
2 

60 

10 
48 
16 
15 
23 
13 
88 
44 
19 

41 
35 

29 

19 

27 
2 
4 

4 
7 

14 
46 
2(1 

24 

14 

3 
I 
1 
1 
I 
I 

1 
3 
2 

2 
1 

4 

2 
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SEC TWP RGE 54 53 S2 51 5T YR ELEV I'IISSP IIDFRD 1'151501 CUOIL' CIJGilS' EQOJL' UJGGD' fPAYI $PRY2 fPAYJ $Pil'l4 IISPOR' LTYPE' FJNDR' 
20 22M 9W SE t£ O&G 78 1336 D885 7474 589 26 0,15 52 1 IIISSP OSW60 lfNlG HIMTN 
20 Z2N 9W SE Sll O&G 79 1335 6938 7530 592 13 0.10 31 1 MISSP OSW60 MIWKl HUIITN 24 
20 Z2N 911 NW SE O&G 79 1333 D883 7535 G52 13 13 MISSP DSIIGO MNNG 
21 22N 911 NW 1&1 0&6 7'3 1339 68£.5 745£. 591 34 34 1 Ill SSP OS\IGO MllNIIG GO 
21 i?2N 9W 52 N2 NW NE O&G 78 1346 G8GG 7450 584 17 17 I Ill SSP OSIIGO llllNNG HI.JHN 
21 22N 9W Nl Sll O&G 79 1338 6878 7474 596 7 0.10 25 MISSP MAtiNG 
21 22N 9W Nil SE O&G 78 1336 6890 7474 584 13 13 I MISSP OSIIGO IVlNNG HOON 2 
22 22N 9W Sll NW 0&6 81 1344 D884 7446 562 4 I MJSSP 42 
2222N 911 NE NE O&G 77 1323 6810 7350 540 14 14 MISSP llllNilG 
22 22N 9W NE Sll O&G 79 1356 G882 2 2 MISSP WlllOO 
22 22N 9W Sll S11 O&G 79 1344 6896 7464 5GB 13 0.05 22 1 Ill SSP OSIIGO MllNN6 
22 22N 911 Nil SE O&G 69 1335 6868' 3 3 I MISSP 
22 22N 911 NE SE D&G 80 1324 6852 742£, 574 3 0.15 29 I MISSP 4 
23 22N 911 SE Sll O&S 85 1307 1 0.20 36 1 MISSP 
23 22N 914 Nh S~ O&G 67 12112 6794 73112 588 17 2. 73 . 497 I tll~P 
24 22N 911 NW SE O&G 67 1298 6798 7410 612 11 2.28 412 I MISSP 19 
25 22N 914 NE Nw O&G 84 2 2 III SSP 
2522N 911 Sll Sll , O&G 84 1261 6810 7402 592 2 0.05 11 1 MISSP 28 
25 22N 914 Nil st O&G/66 1285 6822 7410 588 23 1.61 306 I IIISSP 4 
26 22N 911 E2 NII·NII O&G 84 1300 6865 7452 587; .2 0.16 30 I MISSP 12 I 
26 22N 9W SE Sll D&G 84 128(1 6890 7464 574 7 0.11 26 1 IIISSP 2 1 
26221l 911 Nil SE O&G 66 1280 6860 7428 568 22 0.95 189 1 MISSP 4 
27 22N 9W NE N~ O&G 80 1317 6900 7464 5£.4 4 4 I MIS5P 5 
27 22N 911 S11 NE O&G 81 1324 6900 7482 582 7 0.15 33 1 l'liSSP 29 
27 22N 914 Sll Sll O&G 8(1 1331 6962 7550 588 3 3 I I!ISSP 18 
27 22N 911 Sll SE O&G 8(1 7 0.04 14 MISSP 
27 22N 911 Nil SE D&G 67 1318 6906 7485 579 7 0.04 14 MISSP 
28 22N 911 Nil Nil O&G 78 1332 £.915 7524 rm 8 0.12 29 I MISSP DSIIGO RDFRK IW-UIG 2 
28 22N 9W Sll NE O&G G7 1335 6926 7514 588 I IIISSP 
28 22N 911 Nil t£ D&G 81 1342 6929 7520 591 2 2 I Ml SSP MANNG 46 
28 22N 9W Nil Sll O&S 78 6 0.08 20 I MISSP OSWGO miNG IJ.INTN 8 
28 221l 911 NW 5E O&G 81 1337 6954 7548 594 5 5 I MISSP 23 
29 22N 9W Nil !IW O&G 79 134(1 6974 75GB 594 '13 0.12 34 1 MISSP IJSWGO IWlNG 108 
29 22N 911 Nil Sll O&G 80 1~"'5 6985 7530 545 7 7 MJSSP OSIIGO MIWG 
29 22N 9W SE NE 0&6 80 1317 6923 7538 615 I" I MISSP 147 
30 22N 9W NW Nf 0&6 73 1341 6966 7574 608 9 0.10 27 I MI SSP DSII60 Mlllf.IG fAJNTN 28 
31 22N 9W Nil Nil DRY 7(1 1329 7054 7690 636 I 53 
31 221l 911 SE Nil O&G 8(1 1343 7072 2 2 Ml SSP OSIIGO IN!l.A 
31 22N 9W NW NE DIG 80 1336 7040 2 2 MISSP OSWGO 
31 22N 911 N2 N2 N2 SW DRY 73 1337 7078 
31 22N 9W SE SE SW O&G 82 1344 7056 7690 634 ' 8 8 HI SSP 
31 22N 9W N1 Sll O&G 81 3 0.07 15 IIJSSP DSII60 HIUIG 
31 221l 911 Sll SW DRY 59 1341 I 
31 22N 911 SE SE O&G 81 1387 7040 7654 614 I 0.11 20 I MJSSP OSIIGO 106 
32 22N 9W . SE NW O&G 80 1312 7022 7636 614 3 3 I MISSP 16 
32 221l 9W Nil t£ O&S 81 1315 7002 7608 606 4 4 I MISSP 194 
32 221l 911 SE' Sll DRY 81 1322 7050 7660 610 I 52 
332214 911 Nl Nil O&G 79 1334' 6984 7612 628 9 (1,(13 14 HISSP OSIIGO 111m3 fAJNTN 19 
33 22N 9W Nil NE O&S 81 1335 7004 7596 592 4 0.02 8 I HISSP OSIIGO 65 
33 ?l'N CJII NE SW DRY 58 132& 7002 7630 628 I 
33 22N 911 Nl SW O&G 80 1333 7024 7656 632 9 (1,03 14 I HISSP OSIIGO IR-INS 50 
33 22N 911 SE SE O&G 80 1332 7010 14 0.02 18 HI SSP 
34 22N 911 SE NW O&G 81 1326 6980 757(1 590 19 0.05 28 I HISSP 4 
34 221l 9W SE NE 0&6 81 1314 6964 7554 590 34 0.25 78 I MISSP OSWGO HUNTN 87 
34 22N 911 Nil s·~ O&G 81 1330 7000 7598 598 6 6 I HISSP RDFRK 14 
34 22N 911 SE Sll O&G 81 1328 6990 7590 600 5 0.06 16 I MISSP OSIIGO 31 
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SEC TIIP RGE 54 53 52 SJ ST YR ELEV KISSP WDFRD 115150' CUOJL' CIJGAS' EQOJL 1 LOGGD' $PIIYI $PIIV2 $PIIY3 $PIIV4 MSPOR' LTVPE' FINDR' 
34 22H 9W N2 52 NE SE DIG 81 1319 695(1 7540 590 6 6 1 MISSP JJ 1 
35 22N 9W W2 E2 Nil D&G 84 1282 69()(1 7474 574 17 0.08 31 I MISSP 1 J 
3522N 9W SW NE O&G 67 1278 6883 mo sn 44 44 J MISSP 
35 22N 9W SW SW DRY 69 1307 6940 7526 586 
35 22N 9W E2 SW O&G 84 1298 G935 7518 5113 23 0.40 93 J MISSP 
35 22N 911 SW SE 016 68 1283 6910 7481 571 , 101 101 1 SMPSN 
36 22H '.J\1 SE Nil O&G 66 1257 6825 7427 602 25 0.86 176 l I!ISSP 
36 22N 9W SW NE D&G 62 1252 6825 J RDFP.K 
36 2211 9W Nil SE NE 0&6 85 1268 6834 7415 '581 0.02 4 1 MISSP 
36 22N 9W SE SW DIG 84 1277 6854 7452 598 14 0.38 81 J MISSP 13 
36 22N 9W NW SE O&G 64 MISSP HUNTN 
36 22N 9W SE SE O&G 84 1265 6820 7414 594 9 0.16 37 I IIISSP 
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LINEAR CORRELA riON COEFFICIENT "r" 

r 2 (X - X)(Y - Y) 

J.L (X- X) 2 /(n- 1)-vi (Y- Y//(n-1) 

where· X Independent variable 

x = mean of Independent variable 

y dependent variable 

y mean of Independent variable 

n = number of pairs of variables 

'"t'" TEST OF CORRELATION 

= 

A NOVA 

MSa = SS R/1 

"'.·.. 2 L (Y, - Y) MSo = SS0 /(n-2) 

SS D : SSr - SS R 

ss T = 2 ~. (Y - Y) 2 Y1 = b 0 + b, X 1 

b,= 

""'n 2 
L.. "'I x, -
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UUADRAT DATA 

CAll produotlon l• '" thousands of bam! Is of 011 l'qulval..t per quadrat. I 
cu ...... t data .... - of hne....t Intersections per quadrat,) 

Uuadrot Data Central Area Uuadrat Data Urban Area 

6-lllle S!nglo Zono AIIZ..,.. 6-llllo Slnglo ZON! All Zonos 
u ....... t - Total 'Llne....t ~rlls Total 
Intersect C.. Prod c.. Prod Int......,t c .. Prod c.. Prod 

I 70.0 3171 3177 0.0 1077 1077 
2 79.5 Jill 3445 v.o 2j)J7 2j)J7 
3 61.5 2403 2403 5.0 1933 1933 

420 722 722 0 0 544 1364 
7.5 BQ5 916 23.5 2888 3119 
1.0 271 1119 24,0 2768 2768 
7.0 28 374 

8 52.5 BIIZ 922 
9 !16.0 1435 1435 

10 82.5 2304 2380 
II 110.0 4096 4210 Uuadrat Data Sand Dune Area 
12 91.5 2973 3485 
13 67.0 3421 3421 6-llile S1nglo Zone All Zones 
14 67.5 3349 4310 Line .... t - Tot• I 
15 J!7.5 2543 2543 Intersect C.. Prod c.. Prod 
16 124.5 2217 2217 0.0 112 2377 
J7 74.0 2j)33 2j)J3 o.o 251 1937 
18 51 0 978 JJ48 o.o 1004 3121 
19 43.0 2j)2 734 0.0 524 1910 
2j) 6.0 27 778 o.o 108 w 
21 12.0 284 891 o.o 145 1366 
22 30.5 583 63'J 0.0 69 707 
23 21.0 :55:! 552 0.0 300 1235 
24 50.0 341 490 0.0 52 238 
25 51.0 1563 1658 o.o 182 396 
26 97.5 4974 4974 
27 91.0 5359 6394 
28 )19.0 2375 2517 
29 72.5 2413 2846 
30 61 0 !658 1658 
31 23.0 902 958 
32 24.5 544 689 
J3 12.0 298 828 
J4 12.0 68 !12 
J5 ),0 6J 639 
36 9.0 659 1195 
37 51.5 1943 1943 
38 62.5 1833 2579 
39 JZ.O JJ93 3001 
40 27.5 1371 2j)94 

41 43.0 245 947 
42 40.5 385 ll93 
43 49.5 982 JJ98 
44 22,5 544 718 
45 2.0 126 3251 
46 15.5 234 386 
47 25.5 215 675 
48 18.0 168 896 
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