
PALEOCENE DEPOSITION OF THE ljOBACK - -
fORMATION ON THE !:A (?ARGE - - -

PLATFORM OF THE 

GREEN RIVER - -- -
BASIN 

BY 

DAVID EDWARD )JCHMUDE 

Bachelor of Science 

Oklahoma State University 

Stillwater, Oklahoma 

1989 

Submitted to the Faculty of the 
Graduate College of the 

Oklahoma State University 
in partial fulfillment of 

the requirements for 
the Degree of 

MASTER OF SCIENCE 
December, 1991 



btt 

tJ\-&~ 
\C\Cl\ 
~~5l~~ 



PALEOCENE DEPOSITION OF THE HOBACK 

FORMATION ON THE LA BARGE 

PLATFORM OF THE 

GREEN RIVER 

BASIN 

Thesis Approved: 

a~ w, ~ :n= -------------------------+---------
Thesis Adviser 

-------~J~~-t7~~-----
Dean of the Graduate College 

I I 



ACKNOWLEDGMENTS 

I would like to thank Dr. Cleaves for his help throughout my graduate 

program and Dr. AI-Shaieb for his input on the diagenetic aspects of the 

Hoback Formation I would also like to thank Dr. Stewart, Ed Burritt, and Dwaine 

Edington for their help in reviewing the text, and Special thanks to Jim 

Kreutzfeld, who suggested the topic. 

Most importantly I would like to thank Texaco for their complete financial 

support Without their involvement the study would not have been possible. 

would also like to extend special thanks to Shelly Stone for drafting all of my 

maps. 

I extend my deepest appreciation to my father , who typed and reviewed the 

manuscript for me, and to both of my parents, for their support and 

encouragement throughout my educational career. 

iii 



TABLE OF CONTENTS 

Chapter Page 

I. INTRODUCTION........................................................................................... 1 

Location of Study Area..................................................................... 1 
Purpose and Scope of the Study.................................................... 1 
Methods of Investigation................................................................... 6 

Subsurface studies................................................................ 6 
Field Studies........................................................................... 1 0 

Previous Investigations..................................................................... 1 0 
Stratigraphy........................................................................ 1 0 
Paleocene Production .......................................................... 1 2 
Structural Geology................................................................. 1 3 

II. STRUCTURAL FEATURES........................................................................ 14 

Tectonic Setting ...................................................................... 1 4 
Gras Ventre Mountains......................................................... 1 4 
Wind River Mountains........................................................... 1 6 
Rock Springs Uplift................................................................ 16 
Uinta Mountains..................................................................... 17 
Overthrust Belt .................................. ........ ......... ........ .... .. ...... 1 7 

Influential Structural Elements........................................................ 20 
Moxa Arch (La Barge Platform)........................................... 20 
Darby (Hogsback) Thrust..................................................... 21 
Hilliard (La Barge) Thrust..................................................... 23 
Other Faulting......................................................................... 26 

Timing of Important Structural Events............................................ 28 

Ill. STRATIGRAPHY........................................................................................... 32 

Backgound.......................................................................................... 32 
Late Cretaceous................................................................................. 33 

Frontier Formation................................................................. 34 
Hilliard Formation .................................................................. 39 
Mesaverde formation ............................................................ 41 

Tertiary................................................................................................. 44 
Stratigriphic Nomenclature.................................................. 44 
Hoback Formation................................................................. 49 
Wasatch Formation................................................................ 51 
Lookout Mountain Conglomerate Member 

iv 



Chapter Page 

of the Wasatch Formation............................................... 52 
Chappo Member of the Wasatch Formation..................... 54 

IV. CORE AND FIELD STUDIES..................................................................... 55 

Core Descriptions.............................................................................. 55 
Palynology of the Hoback Formation............................................. 56 
Field Investigations............................................................................ 56 

V. SUBSURFACE GEOLOGY BASED ON ELECTRIC LOG STUDIES.. 64 

Introduction......................................................................................... 64 
Cross-Sections................................................................................... 64 

Stratigraphic........................................................................... 64 
Structural................................................................................. 65 

Structure Maps................................................................................... 65 
Base Of Hoback Sand .. ..... .. .......... .. .... .. .... ... .............. .. . . .. .. .. 6 5 
Top of TH-3 Interval ("X" Marker) Map............................... 66 
Hilliard Fault Plane Map....................................................... 66 

Net Sand I so lith Maps....................................................................... 6 6 
TH-1 Interval Net Sand Map................................................ 67 
TH-2 Interval Net Sand Map................................................ 67 
TH-3 Interval Net Sand Map................................................ 67 
TH-4 Interval Net Sand Map................................................ 68 
TH-5 Interval Net Sand Map................................................ 68 

Interval Isopach Maps....................................................................... 69 
TH-2 Interval Isopach Map................................................... 69 
TH-3 Interval Isopach Map................................................... 69 
TH-4 Interval Isopach Map................................................... 69 

VI. DEPOSITIONAL ENVIRONMENT OF THE HOBACK FORMATION.... 71 

Environmental Interpretation........................................................... 71 
Bedforms of Sand Dominated Braided Rivers............................. 76 

Bars.......................................................................................... 80 
Longitudinal Bars....................................................... 81 
Lingoidal (Transverse) Bars.................................... 82 
Compound Bars......................................................... 83 

Sand Waves........................................................................... 83 
Dunes....................................................................................... 84 

Classification of the Hoback Braided River Deposits.................. 85 
Source Area........................................................................................ 86 
Paleocene Paleoenvironment......................................................... 89 

VII. PETROLEUM GEOLOGY............................................................................ 94 

Introduction......................................................................................... 94 

v 



Chapter Page 

Possible Source And Migration Path............................................. 96 
Source..................................................................................... 96 
Migration Path........................................................................ 99 

Trapping Mechanisms...................................................................... 1 00 
Structural Traps ...................................................................... 1 00 
Stratigraphic Traps ................................................................ 1 01 

Cumulative Production Map ............................................................ 101 
Possible Reservoir Communication Problems............................. 1 02 

VIII. SUMMARY AND CONCLUSIONS............................................................ 1 04 

REFERENCES CITED.............................................................................................. 1 06 

APPENDICES .......................................................................................................... 113 

APPENDIX A- CORE DISCRIPTIONS ..................................................... 114 

WELL M327 ........................................................................................ 116 
WELL Tl-4.. .................... .... .................. ............................... ..... .. ........ .. 1 22 
WELL K634W ..................................................................................... 1 28 
WELL J503Y .. .......... .............. .......... .. ................ .. ............... ................ 1 34 

APPENDIX B- WELL LOG DATA.............................................................. 141 

vi 



LIST OF TABLES 

Table Page 

I. Stratigraphic Names Assigned to the Paleocene Producing 
Sands of La Barge ........................................................................... 46 

II. Lithofacies and Sedimentary Structures of Modern and 
Ancient Braided River Deposits..................................................... 77 

Ill. Facies Assemblages and Environments of the Six Principal 
Braided Stream Models.................................................................. 79 

IV. Hoback Reservoir Characteristics in the La Barge Field............... 95 

V. Identification and API Gravity of Oil Samples.................................. 96 

vii 



LIST OF FIGURES 

Figure Page 

1 . Geographical Location of the Study Area................................................... 2 

2. Major Structural Elements of the Green River Basin................................ 3 

3. Type Log of Hoback Formation..................................................................... 5 

4. Electric Log Shape Codes for Net Sand lsoliths....................................... 8 

5. Base Map Showing Cross-Section and Core Locations......................... 9 

6. Generalized Tectonic Map of the Green River Basin Showing 
Major Tectonic Elements........................................................................... 15 

7. Trend of Cordilleran Fold and Thrust Belt.................................................. 18 

8. Index Map of Idaho-Wyoming-Utah Salient of the Overthrust Belt ........ 19 

9. Cross-Section Through the Study Area Showing Major 
Structural Features..................................................................................... 22 

1 0. Geologic Map of the Hogsback Ridge, La Barge Area............................. 24 

11. Late Albian Paleogeography of the Southern Terminus of the 
Mowry Sea at Its Greatest Extent............................................................. 34 

12. Type Log of Late Cretaceous Formations of the La Barge Area .......... 36-38 

13. Paleobathymetric Curve of the Hilliard Formation.................................... 40 

14. Approximate Shoreline Limits of Mesaverde or Equivalent 
Regression·····························································'····································· 43 

15. Correlation of Upper Cretaceous and Lower Tertiary Units of 
Western Wyoming....................................................................................... 4 7 

16. Tertiary Stratigraphic Relationships of the La Barge Field Area............ 52 

17. Outcrop Locations of the Evanston and AI my Formations at 
Their Type Locations.................................................................................. 57 

VIII 



Figure Page 

18. Outcrop of the Almy Formation at Its Type Location.................................. 58 

1 9. Type Location of the Evanston Formation.................................................. 59 

20. Type Location of the Chappo Member of the Wasatch Formation 
Along Chappo Gulch.................................................................................. 61 

21. Outcrop of the Chappo Member Within the La Barge Field..................... 63 

22. Geomorphic and Sedimentary Characteristics of Various 
Channel Types and Their Deposits......................................................... 73 

23. Thin Section of Hoback Formation Showing Clay Drapes 
Associated with Cross-Bedding .............................................................. 75 

24. General Stratigraphic Models for Sand Dominated Braided 
Streams........................................................................................................ 78 

25. Block Diagram Summarizing the Major Morphological Elements 
and Their Associated Bedforms and Stratifications............................. 80 

26. Morphology, Pattern of Growth, and Water Flow Over and Near 
Bars Commonly Found in Braided Channels........................................ 81 

27. Tabular Cross-bedding Formed by Migrating Sand Waves.................... 83 

28. Trough Cross-Bedding Formed by Migrating Dunes................................ 85 

29. Late Middle Paleocene Paleogeographic Cartoon.................................. 88 

30. Early to Middle Paleocene Paleoenvironment ......................................... 90 

31. Middle Paleocene Paleoenvironment ........................................................ 90 

32. Late Middle Paleocene Paleoenvironment (TH-1 Deposition)............... 91 

33. Late Middle Paleocene Paleoenvironment (TH-2 Deposition)............... 91 

34. Early Late Paleocene Paleoenvironment (TH-3 Deposition).................. 92 

35. Early Late Paleocene Paleoenvironment (TH-4 Deposition).................. 93 

36. Early Late Paleocene Paleoenvironment (TH-5 Deposition).................. 93 

37. Group Analysis of the Seven Samples Listed in Table V ...................... 97-98 

38. Hydrocarbon Migration Paths of Hoback Oil.............................................. 1 00 

ix 



CHAPTER I 

INTRODUCTION 

Location of Study Area 

The La Barge field is located along the western flank of the Green River 

Basin of southwestern Wyoming in sections 2, 3, 4, 9 and 10, T.26N., R.113W., 

and sections 22, 27, 28, 33, 34 and 35, T.27N., R.113W, Lincoln and Sublette 

counties (Figure 1 ). The Green River Basin is one of the largest Tertiary 

intermountane topographic basins, with a maximal east-west dimension of 90 

miles and a north-south dimension of approximately 180 miles (Krueger, 1960). 

The basin is bounded to the north and northeast by the Gros Ventre and Wind 

River Mountains, to the east by the Rock Springs uplift, to the south by the Unita 

Mountains, and to the west by the overthrust belt (figure 2). The field is located 

on an intrabasin structural high known as the La Barge platform (Moxa arch) 

(Figure 2). This structurally positive feature was present during Hoback 

deposition and therefore played a role in governing the distribution and extent 

of the Hoback sands. 

Purpose and Scope of the Study 

The purpose of studying the Paleocene Hoback Formation of the La Barge 

field, was to define the geometry, depositional environments and trends of the 

individual producing sandstones will be more precisely defined. Success of the 

effort would aid in future development of the field, as well as providing possible 
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explanations for the unsatisfactory results of enhanced oil recovery (EOR) 

programs. 

4 

Active oil and gas production from sandstones of the Paleocene Hoback 

Formation (previously referred to as the Almy, Evanston or Fort Union 

Formation) along the eastern edge of the overthrust belt of western Wyoming, 

has been taking place since the 1920's. However, little work has been 

conducted dealing with these producing sands at the La Barge field because of 

the poor quality and limited availability of data, and complexity of structural 

influences in this area. For the purpose of this study, producing sands at La 

Barge were divided into five intervals separated by prominent shale markers 

(Figure 3). The intervals have been named TH-1 through TH-5, with TH 

meaning "Tertiary Hoback". In the course of this study, stratigraphic 

nomenclature, depositional environment, and geometries of producing sands 

were clarified through use of well logs, seismic data, cores, and production 

records. Results of this study will provide information for a better understanding 

of the continuity of the individual reservoir sand bodies within the field as well 

as providing insight on the tectonic influence on fluvial deposition. 

Specific objectives were: 1) To determine depositional environments, age, 

stratigraphic nomenclature and reservoir characteristics of the individual 

producing sands. Field descriptions, cores, and palynologic data provided the 

basis for this. 

2) To determine the nature of fault and fracture patterns in the field by 

mapping micro and macro-structural features, aided by aerial photo data. Minor 

faults or fracture patterns may be visible in the field, but they are difficult, if not 

impossible, to distinguish on well logs. Fault segmentation of the reservoir has 

been interpreted as the reason for poor EOR response (Hefta and Larson, 

1978). 
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3) To study the subsurface stratigraphy of the Hoback Formation by 

constructing cross-sections, structure maps, net sand isolith maps, and interval 

isopach maps. Data for these maps came from well logs. 

6 

4) To understand the depositional environments of the producing units. This 

included a study of electric log shape distributions, sediment texture and 

composition variations, sand body geometry, and sandstone distribution 

throughout the field. Generalized paleoenvironment maps were made to 

determine source areas and trends of the various Hoback intervals. Data were 

derived from core descriptions as well as from well log data. 

5) To outline the production history of the field, which included a cumulative 

production map as well as a discussion of the trap types. This also included an 

overview of the possible hydrocarbon migration paths into the field, as well as 

possible factors governing reservoir communication problems. 

Methods of Investigation 

Subsurface Studies 

More than 600 wells within the study area were examined for possible 

inclusion into the data base. Problems with approximately two-thirds of these 

left only 229 wells for the study. Unreliable logging suites resulted in the drastic 

decrease in data points. Most wells drilled before 1950 had only a gamma ray 

run, whereas some wells were not logged at all. Gamma ray logs alone could 

not be relied upon for correlation due to the radioactive nature of the Hoback 

sands. Reliable data could only be obtained if a neutron, density or induction 

log was run with the gamma ray log. Since most of the logs used only partially 

penetrated the basal Hoback sand, it was not possible to prepare maps of the 

Tertiary-Cretaceous unconformity or the basal lacustrine shale interval (Figure 



3). Since this study was concerned with the producing intervals of the Hoback 

Formation, exclusion of the lacustrine shale interval did not present a problem. 

From the 229 data points used, subsurface maps were prepared to show: 

7 

1) structure of the La Barge field, 2) distribution and thickness of the various 

Hoback sands across the field and, 3) distribution of production. These maps 

include a structural contour map on the base of the lowest Hoback sand interval 

(Plate II), a structure map on the "X" marker (top of TH-3) (Plate Ill), a structure 

map on the Hilliard thrust plane (Plate IV), a net sand isolith map of each of the 

five identified Hoback intervals (Plates V, VI, VII, VIII, IX), an interval isopach 

map of intervals TH-2, TH-3 and TH-4 (Plates X, XI, XII), and a cumulative 

production map (Plate XVIII). A 50 percent clean sand cutoff was used in 

construction of the net sand isolith maps. To aid in depositional environment 

interpretation, the number of sand bodies, and the log shapes of sand bodies 

greater than 1 0 feet thick, were posted along with net sand values. Where more 

than one shape code was indicated, sand body shapes were posted from left to 

right in order of decreasing thickness. The various shape codes used are 

shown in Figure 4. 

A total of five cross-sections were made (Figure 5): three west-east 

stratigraphic cross-sections; A-A' (Plate XIII), B-B' (Plate XIV), and C-C' (Plate 

XV); one north-south stratigraphic cross-section, E-E' (Plate XVI), and one 

structural dip cross-section across the producing structure, 0-0' (Plate XVII). 

Four cores were described. The descriptions included sediment 

composition, source, grain size and shape, as well as the types and sequence 

of sedimentary structures and bedding characteristics. This aided in 

determining the depositional environment of the Hoback Formation. Age 

determination was based on palynological evaluations of one of the cored 

wells. 
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Seismic data were available, but were not used because: (1) quality of data 

was poor, (2) the seismic grid was not sufficiently dense to conduct seismic 

stratigraphy, and (3) only one synthetic log was available near a seismic line 

and all other synthetic logs were one half mile or further away from the seismic 



Figure 5. Base map showing cross-section locations in red and 
slabed core locations in blue 
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grid. Even with the dense well control, correlation of the Hoback sands was 

difficult. For these reasons seismic interpretation was omitted from the study. 

Field Studies 

1 0 

Methods of field investigation included examination of aerial photographs for 

possible structural features within the field area. Observed anomalies were 

examined. Other field investigations included outcrop examination of beds 

described as equivalent to the producing Hoback Formation and comparison of 

these outcrops to cores collected within the study area. 

Previous Investigations 

Stratigraphy 

The earliest recorded geologic investigation within the study area was done 

by Cope in 1873. He conducted an expedition up the Green River from the 

town of Green River, Wyoming to the mouth of La Barge Creek and continued 

up Fontenelle Creek nearly to its source. Cope's report contained very 

generalized geologic descriptions of the stratigraphy. Schultz did a very 

detailed study of the area in his 1914 report. Detailed descriptions of the 

stratigraphy and major structural features were given. He also gave a brief 

description of the occurrence of oil in the La Barge area, including an analysis 

of oil collected from one of the oil springs within the study area. Bertagnolli 

(1941 ), included a geologic map of the south part of the La Barge field, as well 

as outcrop descriptions within this mapped area. The most comprehensive and 

detailed surficial study of the local stratigraphy was carried out by Oriel in 1969 

in a region just south of the study area. 



It was not until 1969 that the producing Paleocene sands at the La Barge 

field would first be referred to as the Hoback Formation. Previous to this, 

authors and oil company workers called the producing sands the Almy 

formation (Schultz, 1914; Bertagnolli, 1941; Christensen and Marshall, 1950; 

Krueger, 1955, 1960; Michael, 1960). This interpretation was based on 

1 1 

similarity in appearance of outcropping conglomerates within the study area to 

those of the type locality described by Veatch at Almy, Wyoming (Veatch, 1907). 

Mammalian paleontology conducted by Oriel, Gazin and Tracy in 1962 

revealed an early Eocene age for the Almy at its type locality, while the surface 

"Aimy" at La Barge was dated as Paleocene. Oriel's paper in 1962, confronted 

the Almy misnomer at La Barge Wyoming. Oriel renamed the surface "Aimy 

Formation" in the La Barge area, calling it the Chappo Member of the Wasatch 

Formation and the subsurface producing unit, which does not outcrop here, the 

Hoback(?) Formation. In Oriel's work on the Fort Hill quadrangle (1969), which 

included the southern part of the La Barge field, he interpreted the upper part of 

the Hoback Formation as a facies change of the Chappo Member of the 

Wasatch. In 1980, Dorr and Gingerich presented more support for a Middle 

Paleocene, possibility even older, age for the Chappo Member in the La Barge 

area based on additional paleontologic evidence. They also suggested that 

most of the Hoback(?) Formation was older than the Chappo Member and 

claimed that only the uppermost Hoback(?) Formation interfingered with the 

Chappo Formation, based on their understanding of the Hoback Formation and 

its relationship with the Chappo in its type section to the north. In their cross

section across the La Barge field they show the Paleocene producing unit of La 

Barge as the Hoback Formation. 
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Paleocene Production 

Several authors have written papers specifically on the Paleocene producing 

sands of the La Barge platform and the surrounding area. Robbins (1940), 

conducted a study of the Tertiary producing sands of the north end of the La 

Barge field. In 1945, Lindsey wrote a Texaco in-house report concerning the 

Paleocene reservoir at La Barge which included several sample-log cross

sections and isopach maps of the north half of the field. Christensen and 

Marshall (1950), discussed the stratigraphy and structure of the La Barge field 

based on cross-sections and a structure map constructed from sample logs. 

Krueger (1955), provided brief descriptions of the individual producing 

Paleocene sands in the Big Piney field just north of the La Barge field. Krueger 

briefly mentioned the La Barge field and included a cross-section across the 

field in his 1960 paper that described the occurrence of natural gas in the 

western part of the Green River Basin. Also in 1960, Michael described the 

productive Paleocene in an area surrounding the La Barge field. Asquith 

(1966) conducted a study of the Late Cretaceous and Paleocene production in 

the Birch Creek unit, located on the east side of the study area. He also 

included depositional environment interpretations for the individual producing 

sands. In 1969, Dunnewald published a very brief report on the Tertiary oil and 

gas of the Big Piney and La Barge fields. Finally, in 1973 McDonald published 

several maps and descriptions of the Paleocene oil and gas production at La 

Barge. 

Several Texaco in-house reports deal with EOR proposals and program 

results for the Hoback reservoir over the past 25 years. Important studies 

include those by Moreland (1968), Spelman (1976), Ulrich (1976), O'Hare and 

Ulrich (1976), Baker (1977), and Wendte (1989). 

/ 
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Structural Geology 

The Idaho-Wyoming-Utah thrust belt is one of the most studied thrust belt in 

the world and ample amounts of literature are available. A brief list of some of 

the important works pertinent to this study include: Eardley (1960), Armstrong 

and Oriel (1965), Mountjoy (1966), Oriel and Armstrong (1966), Lowell (1977), 

Ver Ploeg (1979), Jordan (1981 ), Wiltschko and Dorr (1983), Webel (1987), 

Fahy (1987), Gibson (1987), Beck and others (1988), and Craddock and others 

(1988). 

The Moxa or Curches Butte arch, a structural feature forming the La Barge 

platform, was an important influence on the structural and sedimentological 

development of this region (Figures 1 and 2). Informative data concerning the 

formation, timing and influences of this feature are described by Thomadis 

(1973), Wach (1977), Wiltschko and Eastman (1983) and (1988), Kraig and 

others (1987) and (1988), and Woodward (1988). 

Several papers dealing with structural geology of the La Barge area include: 

Blackstone's 1979 work on the geometry of the Prospect-Darby and Hilliard 

faults at their junction with the La Barge platform, Murray's 1960 article on 

interpretation of the Hilliard thrust fault, Kraig's and Wiltschko's 1988 paper 

which analyzed calcite fabric of the Madison Formation for stress orientations 

prior to the Darby thrusting to quantify the strain effects of uplift of the Moxa arch 

on Darby thrust orientation, and Hefta's and Larson's 1978 report on fault 

interpretation of the southern half of the La Barge field. 



CHAPTER II 

STRUCTURAL FEATURES 

Tectonic Setting 

The Green River Basin of western Wyoming can be classified as a 

continental multicycle craton margin (Klemme, 1980), an intracratonic, yoked 

basin (Krumbein and Sloss, 1963), and a perisutual basin on a rigid 

lithosphere associated with a compressional megasuture (type 222) (Bally and 

Snelson, 1980). The principle synclinal axis of the structural basin trends 

approximately N 30° E, with a minor axis developed to the north in the Pinedale 

area trending N 30° W (Fidlar, 1950). The Green River Basin is bounded to the 

north by the Gras Ventre Mountains, to the northeast by the Wind River 

Mountains, to the east by the Rock Springs uplift, to the south by the Unita 

Mountains, and to the west by the overthrust belt (Figure 6). 

Gras Ventre Mountains 

The southwest flank of the Gras Ventre Mountains confines the Green River 

Basin to the north (Figure 6). Although this range is less than one third the size 

of the Wind River Mountains, the two are similar in age and structural style 

(Horberg, 1949). The Gras Ventre Mountains are a small granitic cored 

symmetric anticline which trends northwest-southeast with a gently dipping 

northeast flank and a steep southwest face. It is separated from the Wind River 

anticline by a shallow syncline and is the product of southward thrusting along 

1 4 
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1 6 

the Cache thrust. The feature is divided into three large blocks by north-south 

transverse faults. Orogenic movements of the Gras Ventre Mountains occurred 

from the Late Cretaceous to Late Tertiary (Spearing, 1969). 

Wind River Mountains 

The Wind River range is a northwest trending asymmetric anticline (Figure 6). 

This feature represents asymmetric folding along an arcuate trend involving 

extreme deformation of the Precambrian, followed by overturning and thrusting 

(Berg, 1962). The asymmetric anticline has low dips on the northeast flank and 

very steep to overturned dips on the thrust-bounded southwest flank. Tertiary 

and younger strata overlap the southwest flank and conceal the extensive 

Continental thrust. The Precambrian crystalline core is exposed in an area 125 

miles long and 25 miles wide (Berg, 1961 ). Orogeny was more or less 

continuous from Late Cretaceous until the end of the Paleocene (Berg, 1961 ). 

Material shed from the Precambrian core provided sediment for the , .dt 

Hoback Formation at La Barge. 

Rock Springs Uplift 

Bounding the Green River Basin to the east is a large north-south trending 

anticlinal flexure known as the Rock Springs uplift (Figure 6). This feature is 

over 60 miles long and 35 miles wide and is somewhat asymmetrical with a 

steep western flank. The core is eroded only to the Baxter Shale (Hilliard 

Shale). Faulting at the north end and near the southeastern corner of the uplift 

indicates that folding occurred during the Late Eocene (Krueger, 1 960). 
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Uinta Mountains 

The southern limit of the Green River Basin is defined by the Uinta Mountains 

(Figure 6). This range is tectonically anomalous because of its east-west trend, 

which is contrary to the general trend of the Rocky Mountain folding and 

faulting. The Uinta range is approximately 150 miles long and 30 to 40 miles 

wide, making it the largest east-west trending mountain range in the United 

States (Knight, 1950). The core of the range is composed of quartzite and 

massive silica-cemented sandstone of Precambrian age. This large anticlinal 

feature exhibits an imbricate northward thrust along its north flank, the trace of 

which is covered in part by Eocene lacustrine beds (Krueger, 1960). Evidence 

suggests that faulting continued along this thrust zone well into the Eocene, for 

these reasons the Uinta uplift is considered to be Laramide to post Laramide in 

age (Krueger, 1960). 

Overthrust Belt 

The western limit of the Green River Basin is confined by the eastern edge of 

the Idaho-Wyoming-Utah salient of the overthrust belt. This zone of 

compression is part of the Cordilleran fold-and-thrust belt that extends from 

Alaska to Guatemala (Figure 7). The overthrust belt of Wyoming is 

characterized by low-angle, west-dipping thrust faults that have transported 

material eastward for up to 45 miles. The major thrusts of the Idaho, Wyoming 

and Utah salient of the overthrust belt from west to east are: Paris, Meade, 

Crawford, Tunp, Absaroka, Darby and Prospect (Figure 8). The Darby thrust is 

the only major thrust that affects the study area directly. A minor thrust called 

the Hilliard thrust by oil company geologists and the La Barge thrust by others 

will be discussed in detail. The Hilliard thrust is one of the youngest and 
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Figure 7. Trend of Cordilleran fold and thrust belt. The Idaho-Wyoming-Utah 
salient is shown by the number 1. Stippled area is outline of 
Cordilleran orogenic belt (from Ver Ploeg and De Bruin, 1982) 
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easternmost faults of the Overthrust Belt. This fault defines the western limit of 

the study area and is of extreme importance to the producing Hoback sands. 

Initial movement in the overthrust belt occurred in Late Jurassic (Portlandian) 

and continued until Early Eocene (Lost Cabin) (Wiltschko, Dorr, 1983). 

Influential Structural Elements 

Several structural features affected deposition, distribution, composition and 

production of the Hoback Formation in the La Barge field. These feature 

include: the Moxa arch (La Barge platform), the Darby thrust, the Hilliard (La 

Barge) thrust and several minor faults. Brief descriptions of the formation and 

orientation of these influential structures are given below. Timing of these 

features will be discussed at the end of this chapter. 

Moxa Arch (La Baroe Platform) 

The Moxa arch is a broad, north-trending, gently folded, basemr'-:i uplift 

extending north from the Uinta Mountain front for approximately 90 miles, where 

it bends northwestward for approximately 31 miles and is termed the La Barge 

platform (Figure 2). North of La Barge (T. 28 N.), the Moxa arch continues in a 

northwesterly direction where it is either scalped or overriden by the Prospect 

and Darby thrust sheets (Figure 6) (Kraig, Wiltschko and Spang, 1987). 

Seismic data revealed an east-dipping basement thrust (Moxa thrust) below the 

arch in this area. The arch is an asymmetric anticline with a steep eastern limb, 

except in the northern region where the structure is faulted and the west flank is 

steeper (Kraig, Wiltschko and Spang, 1987). 

The northern portion of the Moxa arch, or La Barge platform is the region of 

concern. In this area the southwest limb has greater than 2,600 feet of structural 
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relief; hence the term platform (Kraig, Wiltschko and Spang, 1987). Subsurface 

studies suggest this this feature was present during Hoback deposition and was 

later responsible for providing a locus for Hoback hydrocarbon migration and 

accumulation. 

Thomaidis (1973) observed that the arch parallels the Absaroka thrust. 

Based on this he postulated that the arch formed in response to eastward 

compression along the Absaroka thrust, where a future thrust would have 

propagated given adequate compressional forces. Evidence from Late 

Paleozoic carbonate buildups associated with the southern end of the Moxa 

arch suggests that this feature formed here first and continued to uplift 

northward with time (Wach, 1977). 

Webel (1987) explained the La Barge platform as having formed in response 

to backthrusting on the Moxa arch, resulting from compression on the arch from 

the Darby thrust sheet. She postulated that when the Darby thrust began to 

lose its compressional force it began to propagate to the surface, as a result of 

increased resistance to eastward propagation from the Moxa arch (Webel, 

1987). Further compression on the Darby thrust sheet caused deformation of 

the opposing flank of the Moxa arch (east limb), which resulted in a low-angle 

backthrust (to the west) known as the Calpet thrust (Figure 9). Thrusting of the 

Moxa arch along the Calpet fault and other related backthrusts accentuated the 

lateral extent of this basement uplift through formation of drag folds on the east 

flank of the arch (Figure 9), resulting in formation of the La Barge platform. 

Darby (Hogsback) Thrust 

The Darby thrust is a north-south trending feature. A 13 mile east-west offset 

in its trend occurs just north of the study area, in the Snider Basin (Figure 8). 
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Because of this offset in its trend, Armstrong and Oriel (1965) thought that the 

southern half of the Darby fault, which crops out along the Hogsback Ridge 

(Figure 1 0), was a different fault and therefore named it the Hogsback thrust. 

Early workers such as Schultz (1914) and Bertagnolli (1941) speculated that 

the Darby thrust continued south of the Snider Basin along Hogsback Ridge, 

but insufficient data at that time prevented acceptance of this idea. Blackstone 

(1979) presented six lines of evidence supporting the connection of these two 

fault segments. Based on this evidence he suggested abandonment of the term 

Hogsback thrust. 

Although the Darby thrust is not located in the study area, it has had an 

important influence on the area. As mentioned, the Darby thrust was 

responsible for forming the La Barge platform which controlled the distribution 

of the onlapping Hoback sands. In addition, the Darby thrust provided sediment 

for the Lookout Mountain Conglomerate Member of the Wasatch Formation. 

Hilliard (La Barge) Thrust 

The Hilliard thrust (Figure1 0) originates in sec. 3, T. 27 N., R 114 W., where it 

can be traced southward in the subsurface for 12 miles through the La Barge 

field to the Fort Hill quadrangle; here it is lost due to lack of data (Blackstone, 

1979). The fault has no surface exposure, therefore descriptions come from 

subsurface data. The Hilliard thrust strikes approximately north-south with a dip 

of 30° west near the surface, to a nearly horizontal dip at depth. Maximum 

horizontal separation is at least 15,000 feet (Blackstone, 1979). This fault has 

been called the Tip Top, Hilliard and La Barge thrust. 

Schultz (1914) did not map any faults east of the Darby thrust, although he 

suggested the possible existence of a thrust fault in the La Barge area along 
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Figure 10. Geologic map of Hogsback Ridge, La Barge area, northern Lincoln 
and southern Sublette Counties, Wyoming. Study area is 
outlined in red. Outcrop locations of Chappo Member are shown 
by green arrows (OW=oil well locality, TL=type Chappo location 
and DT =Darby thrust locality). Location of oil spring is shown by 
blue arrow (OS=oil spring). Modified from Dorr and Gingerich 
(1980) 
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which oil could have migrated to the surface, forming the oil springs he 

examined there. Bartram and Hupp (1929) were the first to describe the Hilliard 

fault in the La Barge field. Believing that the fault was responsible for forming 

the La Barge anticline (La Barge platform), they named this fault the La Barge 

thrust. Christensen and Marshall (1950) were the first authors to call the thrust 

the Hilliard. Based on subsurface data from the La Barge field, they noticed that 

the La Barge anticline (La Barge platform) was formed prior to this thrust; 

therefore they argued for abandoning the name La Barge thrust. In Murray's 

(1960) descriptions of the Hilliard thrust he described it as terminating to the 

north in an east-west tear fault in the Tip Top Field. He explained the Hilliard 

thrust south of the study area as terminating in a fold near the edge of the La 

Barge platform where the Moxa arch begins to move east of the thrust belt. 

Blackstone (1979), disagreed with the interpretation of an east-west tear fault at 

the northern limit of the Hilliard thrust trace as described by Murray (1960) and 

Shipp and Dunnewald (1962). His reasoning was that no fault can terminate a 

low-angle thrust situation of which it is a part, since the tear fault must be limited 

to the hanging wall and terminate against the sole fault (Blackstone, 1979). He 

explained that based upon subsurface data, the Hilliard thrust terminates in sec 

3, T. 27 N., R 114 W., where it is intersected by a younger unrelated east-west 

trending fault. 

The study area for this project is bounded to the west by the Hilliard thrust, 

where the Cretaceous Hilliard Formation is thrust over the Paleocene Hoback 

Formation and Chappo Member of the Wasatch Formation. Well logs within the 

study area provided data sufficient to construct a fault-plane map on the Hilliard 

thrust (Plate IV). This map was used to delineate the position of its Hilliard trace 

on the other structural contour maps (Plates II, Ill). Three oblique tear faults 

have been interpreted within the Hilliard thrust plane, in areas of curvature of 
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the fault plane (Plate IV). Well data show the presence of the Hilliard thrust in 

the shallow subsurface below the La Barge field, but no outcrop exists due to 

concealment by the undeformed La Barge Member of the Wasatch Formation. 

The only evidence of this fault's existence at the surface within the field is in SW 

1/4, NW 1/4 sec. 3. T26N., R. 113 W. of Lincoln County. At this location, 

approximately 148 feet west of well E 303 (Figure 10 and 21) along the north 

side of a gully, the Chappo was observed striking north and dipping vertically, 

as a result of deformation within the Hilliard thrust sheet. Other than this very 

limited exposure (20-30 feet), no other surficial expression of the Hilliard thrust 

was observed within the field 

Although the Hilliard thrust was not responsible for formation of the La Barge 

platform, movement along the fault accentuated the size of the platform and its 

structural closure. It is also believed that loading caused by movement along 

the Hilliard thrust generated temperatures sufficient for oil maturation in the late 

Cretaceous shales, and provided a conduit for migration to the porous Hoback 

sands along the thrust and to fractures in the axial trace of the reactivated La 

Barge platform. This topic will be discussed further in Chapter VII. 

Other Faulting 

Several other faults were observed in the study area, all of which were minor. 

Due to the absence of sufficient data to support the existence of these faults 

they were not included on any maps. 

Hefta and Larson (1978) describe nine east-west trending faults in the 

southern half of the field. The exact nature of these faults is unclear, since they 

were referred to as both strike-slip faults and minor thrust faults. Some were 

drawn solely on minor elevation differences of nearby wells. Subsurface 
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correlations did not support these faults. The confusion in describing these 

faults, as well as the lack of supportive data, brings their existence into question. 

Two wells in section 10 showed a minor thrust fault within the TH-2 interval 

(wells 1 F-X and Unit 20). Due to the lack of other well control in section 1 0 it 

was difficult to determine if these two wells exhibited a single low angle thrust or 

two separate thrust faults. Well 1 F-X showed 140 feet of repetitive TH-2 interval, 

while Unit 20 showed 110 feet of repeat section in the same interval. This may 

indicate a minor low angle splay of the Hilliard thrust. However, without further 

data it is difficult to even determine the trend of this fault across section 10. 

Two wells along the eastern border of the study area cross minor normal 

faults. Well T-23-3 shows 20 feet of missing section in the TH-5 interval, and 

well T-33-2 shows 90 feet of missing section in the TH-3 interval. Based upon 

the position of the missing sections in these wells, it is unlikely that they 

represent stratigraphic thinning. It could not be determined if these two wells 

document the same or separate faults. Connection of the two faults is unlikely 

due to the distance between the two wells and the lack of supporting evidence 

from intervening wells. Again, lack of control points prevented mapping of these 

faults. 

Although it does not deform the Tertiary units of the La Barge field, the Calpet 

thrust does exist below the Tertiary unconformity. The Calpet thrust is a north

south trending feature which bends to the northwest with the Moxa arch north of 

the study area. The thrust plane has a dip of 30° to 40° east and a horizontal 

separation of at least 3,000 feet is evident (Blackstone, 1979). Because the 

Tertiary strata conceal all expression of the Calpet thrust, it was not until the late 

1960's that it was first described by workers of the Calpet Corporation. As 

mentioned earlier, Webel (1987) described this fault as a backthrust formed in 
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response to stress on the Moxa arch from Darby thrusting. This resulted in the 

formation of the La Barge anticline or La Barge platform (Figure 9). 

Timing of Important Structural Events 

The timing of structural events is largely based upon the general geologic 

principle of cross-cutting relationships and subsequent dating of deformed 

versus undeformed units. For this reason the dates of these events are subject 

to an inherent degree of variance. 

As expected in large compressional thrust belts, faulting within the overthrust 

belt exhibits progressively younger thrusts forming in the direction of tectonic 

transport (eastward) with time. All older thrust plates moved eastward as new 

fault planes developed at the front of the salient, and motion was transferred to 

new sole faults at the toe of the mass (Blackstone, 1979). Tear faults, folds and 

imbricate back limb thrusts provided releases for differential movement within 

individual thrust plates. 

Thrusting within the overthrust belt began in the Late Jurassic with initial 

movements of the Paris thrust and continued through the Eocene with 

movement of the Hilliard (La Barge) thrust (Wiltschko and Dorr, 1983). Further 

discussion of timing will be limited only to thrusting directly affecting the study 

area. Diagrammatic representation of most of these structural events can be 

seen in chapter VI, where a series of figures depict the changing 

paleoenvironment of the study area. 

Initial uplift along the Moxa arch in the La Barge area began during the 

Turonian or early Late Cretaceous. Indications that major uplift of the Moxa 

arch occurred at this time would include thinning of the Upper Cretaceous 

Frontier Formation, deposition of a Hilliard bar sand along the trend of the arch 
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and the presence of an angular unconformity at the base of the Paleocene

Upper Cretaceous boundary (Kraig, Wiltschko and Spang, 1988; Dunnewald, 

1969). 

Initial folding and minor faulting of the Wind River and Gras Ventre Mountains 

occurred approximately 72 million years ago, during the Campanian or Late 

Cretaceous (Wiltschko, Dorr, 1983). Berg (1961) supports evidence of this from 

ages of flanking basin deposits, as well as from cross-cutting relationships of 

minor faults along the southwestern limb of the range. 

Final major movement of the Absaroka thrust occurred during the Latest 

Cretaceous (Late Campanian or Early Maestrichtian), as evidenced by dating of 

the Hams Fork Conglomerate Member of the Evanston Formation which was 

shed from the thrust plate during thrust movement (Wiltschko, Dorr, 1983). It is 

possible that minor deformation of the Darby thrust sheet began at this time in 

response to the final stress buildup on the Absaroka thrust. 

Movement of the Darby and Calpet thrusts occurred during the Early to 

Middle Paleocene. Judging from the amount and aerial extent of the 

conglomerate shed from Darby thrust movement, it is evident that movement on 

the northern segment of the Darby thrust (Hoback Basin area) was much 

greater than that of the southern segment near the study area. This can be 

explained by partial stress release of the Darby thrust sheet in the La Barge 

area along the Calpet backthrust, as described by Webel (1987). Westward 

movement along the Calpet thrust formed a drag fold on the east limb of the 

Moxa arch which in turn formed the La Barge anticline (Figure 9). Evidence of 

this comes from the fact that the Calpet thrust is truncated by the younger 

Hilliard thrust (cross-cutting relationship) and its trace is unconformably overlain 

by the Lookout Mountain Conglomerate Member of the Wasatch Formation. 
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The presence of the Lookout Mountain Conglomerate Member of the 

Wasatch Formation which blankets the Tertiary-Cretaceous unconformity at La 

Barge, is interpreted as evidence of initial Darby thrusting within the study area 

(Wiltschko and Dorr, 1983). Age dating from the base of the overlying lacustrine 

shale interval of the Hoback Formation (Asquith, 1966) indicates a possible 

latest Early Paleocene to early Middle Paleocene age for the basal tongue of 

the Lookout Mountain Conglomerate. As explained by Oriel (1969), this basal 

Tertiary unit can be traced to the south for approximately 100 miles along the 

eastern margins of the thrust. Much thicker equivalent conglomerate north in 

the Hoback Basin (Hoback Conglomerate) have been dated as Early to early 

Middle Paleocene (Guennel, Spearing and Dorr, 1973). All of these Early to 

Middle Paleocene conglomerates are interpreted to tie together in the 

subsurface and collectively represent synorgenic conglomerates shed from the 

first major movements of the Darby thrust (Wiltschko, Dorr, 1983). 

Major movement along the southern extension of the Darby thrust is believed 

to have occurred in the Late Paleocene (Middle to Late Tiffanian). This is 

evidenced by mammalian age dating of a lacustrine unit of the Chappo Member 

of the Wasatch Formation (Dorr and Gingerich, 1980). This unit unconformably 

overlies the trace of the Darby thrust on top of Hogsback Ridge and is of 

Clarkforkian age (Figure 1 0). The age of movement is further evidenced by the 

much thicker Late Paleocene wedge of the Lookout Mountain Conglomerate 

Member, which thins eastward of the thrust and interfingers with the Chappo 

Member (Dorr and Gingerich, 1980). 

According to Royse, Warner and Reese (1975), Prospect thrust movement to 

the north in the Hoback Basin was linked to the southern extension of the Darby 

plate in the Hoback Ridge area. They suggested that the Darby thrust south of 

the Snider Basin was reactivated during the Late Paleocene to compensate for 
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the movement of the Prospect thrust. This agrees with the relationship seen at 

La Barge which suggests major movement of the Darby thrust during this time. 

The Hilliard thrust is the easternmost and youngest thrust of the overthrust 

belt (Wiltschko and Dorr, 1983). Movement along this thrust is well dated in the 

La Barge area, where the undeformed La Barge Member of the Wasatch 

unconformably overlies the deformed Chappo Member. Mammalian fossils 

date the Chappo Member as Early Eocene (Graybullian to Lysite), and the La 

Barge Member as late Early Eocene (Lost Cabinian) (Dorr, Gingerich, 1980). 

Based upon this evidence the Hilliard thrust moved eastward during the Middle 

to Early Eocene time. This movement deformed the La Barge platform 

(anticline) further, resulting in its present structural relief. Migration of the 

hydrocarbons which charged the Paleocene Hoback Formation at La Barge 

occurred during Hilliard thrusting. 

The final episode of deformation in the La Barge area included a normal 

faulting event. A couple of minor normal faults were observed within the 

subsurface along the eastern edge of the field. Although no normal faults were 

observed at the surface within the study area, several were described 

southward by Oriel (1969). Oriel states that these faults formed prior to and after 

the late Early Eocene. 



CHAPTER Ill 

STRATIGRAPHY 

Background 

A rather complete sedimentary sequence has been identified along the 

western margin of the Green River Basin. According to Schultz (1914), the 

stratigraphic column of Wyoming attains its greatest thickness in the western 

part of the state, representing a sequence from middle Cambrian to the end of 

the Eocene. Recognizable unconformities occur throughout this interval. The 

Cretaceous-Tertiary unconformity is the most important to this study. Exposures 

of pre-Tertiary rocks surrounding the study area are scarce except for limited 

exposures within fault blocks of the overthrust belt. Because these exposures 

exhibit extreme structural complexity, the stratigraphy has been under 

continuous reinterpretation over time. Another complicating factor is the 

adoption of a unique nomenclature for equivalent units within the overthrust belt 

and the Green River Basin. Furthermore, a large portion of the stratigraphy for 

the western margin of the Green River Basin is based on subsurface data alone 

and is therefore fairly recent. All these factors combined have led to a 

composite stratigraphic column for the western Green River Basin which has 

been compiled from data spanning over ninety years of work (Plate I). Since 

this study is concerned with the early Tertiary, in particular the Paleocene, 

descriptions of the Late Cretaceous to Eocene will be discussed in order to set 

32 
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the stage for Paleocene deposition. For descriptions of older Mesozoic as well 

as Paleozoic units in this region, refer to Schultz (1914) and Oriel (1969). 

Late Cretaceous 

During the Cretaceous, several marine transgressive and regressive 

episodes flooded and drained the Western Interior foreland basin of North 

America. At the earliest Albian (latest Early Cretaceous) the Mowry sea 

reached its greatest extent (Figure 11 ), only to begin its long regressive episode 

during the Late Cretaceous. During this regressive episode the Frontier, 

Hilliard and Mesaverde Formations were deposited. Important transgressive 

episodes are evident throughout this time along the western margin of the 

Green River Basin, but the dominant trend was a major marine regression. For 

this reason the Late Cretaceous units show a general trend of marine, to 

marginal marine, to continental deposits as the Cretaceous period came to a 

close. 
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Figure 11. Late Albian paleogeography of the southern terminus of the Mowry 
sea at its greatest extent. Region of Mowry Shale and Aspen 
Shale deposition is shown by diagonal pattern. (from Davis, 
Byers, and Pratt, 1989) 

Frontier Formation 

The Frontier Formation of the western margin of the Green River Basin, 

represents an early Late Cretaceous marginal marine unit. It was first described 

by Knight in 1902, as a coal-bearing formation containing a prominent 

sandstone layer (Schultz, 1914). Cobban and Reeside (1952), described 

approximately 2000 feet of exposure at its type location at Frontier, Wyoming. 

However, these descriptions indicate a rock unit strikingly different in 

composition and thickness from the Frontier described from core below the 

Darby thrust. These differences are so great that stratigraphic names for rocks 

found near the Rock Springs uplift of south central Wyoming are sometimes 

used for rocks below the thrust (Krueger, 1960), rather than the nomenclature of 

westernmost Wyoming. Comparative descriptions of Cretaceous rocks above 

and below the thrust are beyond the scope of this study, but brief descriptions of 

the sub-thrust Frontier at La Barge Field are given. 
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Approximately 2,200 feet of the Frontier Formation is present beneath the 

Darby thrust within the study area, as shown by well log data ( Figure 12}. As 

evident from Figure 12, the Frontier Formation consists mainly of mudstone with 

three prominent, hydrocarbon productive sandstone units that are informally 

referred to in descending order as, the first, second, and third Frontier sands. 

Petroleum geologists have designated the top of the first sand and the base of 

the third sand as the formation's contacts, except in areas where the upper 

sandstone is not well developed or evident. In these cases electric-log 

properties are used to define the top (Figure 12}. 

As mentioned earlier, the Frontier generally represents a marginal marine 

depositional environment. On the La Barge platform the Frontier varies from 

predominantly marine to nonmarine deposits. The basal sand (third sand) is a 

nonmarine distributary deposit as evidenced by core and well log data. 

Deposition of the second sand marked the beginning of the most widespread 

transgressive episode within the Late Cretaceous in this area. The second 

sand is interpreted as a wave dominated delta with associated delta-flank 

strandplains (Hamlin, 1991 }, which prograded eastward given an increase in 

sediment and accommodation space due to thrusting from the west. The third 

sand is a deeper water off-shore bar that seems to be localized in a linear 

fashion consistent with the trend of the Moxa arch within the La Barge field. 

Elsewhere this interval is occupied by near shore mudstones and shales. The 

orientation of this off-shore bar is possibly related to the early stages of uplift of 

the Moxa arch. Major movement of the Moxa arch occurred during the latest 

Late Cretaceous to Earliest Tertiary (Wach, 1977). 
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Figure 12. (3 of 3) Type Log of Late Cretaceous formations of the La 
Barge area. Log was taken from the Green River Bend 
unit to the east in order to show a complete, unfaulted 
section 
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Hilliard Formation 

The Hilliard Formation overlies the Frontier. Totaling approximately 3,600 

feet thick, the Hilliard consists of dark-gray marine mudstone with interbedded 

siltstone and sandstone. Exposures of the upper portions of the unit are located 

just west of the study area, north of Chappo Gulch (figure 1 0). The mudstone 

here is dark gray, weathering light gray and contains mica and interbedded 

bentonites. The very fine grained sandstones and siltstones are angular 

grained, laminated, calcareous and light gray in outcrop. This sequence has 

been called the Hilliard Formation by Schultz (1914), Christensen and Marshall 

(1950) and Murray (1960}, while Krueger (1960) and others referred to it as the 

Baxter Formation. Petroleum geologists in the region have referred to this 

middle Late Cretaceous unit by both the names, but the Hilliard is more 

commonly accepted. Reasons for this include the proximity to the type location 

of the Hilliard (southwestern Wyoming), as well as a younger (Montana) age for 

the Baxter in its type locality in the Rock Springs area. 

The formation generally consists of three units: a lower black shale, a middle 

sandstone, and a thick upper unit of intrebedded sandstone, shale and coal 

(Frerichs and Steidtmann, 1971 ). Outcrop studies conducted by Frerichs and 

Steidtmann northeast of the study area resulted in the development of a sea

level curve for the Hilliard based on Foraminifera and microplankton 

assemblages. The data demonstrate an overall regression with minor 

transgressive pulses (Figure 13), which agrees with the observations made 

earlier. 

Depositional environments of the Hilliard can be supported by both lithologic 

and paleontologic evidence. The lower shale is undoubtedly of marine origin. 

The lack of coarse clastic sediment and abundant marine microfauna provide 
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Figure 13. (a) Paleobathymetric curve of the Hilliard Formation showing the 

stratigraphic position of marine transgressions from measured sections 

surrounding the La Barge area. Note scale showing general location on 

shelf. (b) Plot of planktonic-benthonic Foraminiferal ratios, note the 

increase of planktonics associated with each transgression. (c) Plot of 

percent calcareous Foraminifera, note increases correspond to 

transgressions (from Frerichs, and Steidtmann, 1971 ). 
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overwhelming evidence to support this conclusion (Frerichs and Steidtmann, 

1971 ). The fairly well developed, low-dipping trough cross-stratification and 

abundance of Inoceramus found in the middle sandstone unit suggest a beach 

deposit for this middle unit (Toots, 1961 ). The upper sandstone, shale and coal 

sequence is most likely representative of a paludal or mixed marine-nonmarine 

environment (Frerichs and Stiedtmann, 1971 ). Evidence comes from the lack of 

internal lateral continuity, abundant plant debris and coal units, a general lack 

of marine microfauna and microplankton, and low velocity, unidirectional 

current, micro-cross-stratification. The overall depositional nature of the Hilliard 

Formation is that of marine regressive depositional environments with minor 

transgressive pulses, as indicated by microfossil ratios as well as lithological 

variations. This represents the typical regressive sequence common in the Late 

Cretaceous of the Rocky Mountain region. 

The Tertiary usually rests with angular unconformity above the Hilliard in the 

La Barge area except in the eastern portion of the field, where the Mesaverde 

Formation occupies this position (Figure 9). 

Mesaverde Formation 

The latest Cretaceous Mesaverde Formation or Adaville Formation 

represents the close of the Mesozoic Era at La Barge. Outcrops of the Adaville 

Formation occur all along the Hogsback (La Barge) Ridge just west of the study 

area and were first described by Schultz in 1914. The abundance of coal within 

this unit in the La Barge area has been known for some time and as a result, it 

has been extensively strip mined. Usage of Mesaverde or Adaville is based 

upon personal convention or preference, as adequate data supports either 

usage based on stratigraphic age. The term Adaville Formation has been used 
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by some workers in the La Barge area because of the proximity of the type 

location to the study area. Problems arise with this reasoning, since the 

exposures east of La Barge Ridge cannot be traced westward into the belt 

containing the type Adaville (described by Veatch, 1907) above the Darby 

thrust, because of fault interrupted structure (Oriel, 1969). Due to the problems 

of correlating outcrop above and below the thrust, as well as the convention of 

other workers in this area who use Mesaverde for units within the basin block of 

the Green River Basin, the term Mesaverde Formation is used in this study. 

The thickness of the Mesaverde on the La Barge platform varies widely due 

to the angular unconformity present at the Cretaceous-Tertiary boundary. In the 

subsurface, the thickest portions of the Mesaverde occur along the eastern flank 

of the study area, where it is approximately 800 feet (Figure 12). Throughout 

the majority of the field, the Mesaverde is only a few hundred feet thick to 

completely absent due to erosional truncation on the La Barge platform. 

The lithology of the Mesaverde from base to top, ranges from a dark marine 

shale with siltstones and thin silty sandstones to a littoral, nearshore and marine 

sandstone of a barrier island or strandplain origin, to an upper lagoonal 

carbonaceous shale siltstone, thin sandstone, coal and lignite unit. This 

shallowing upward sequence of the Mesaverde Group has been interpreted by 

Asquith (1966) and others as a minor transgressive pulse followed by low-order 

cyclic progradation of the epeiric seaway shoreline in response to a major sea 

level regression. The transgressive and regressive limits of the Latest 

Cretaceous (Campanian) Western Interior sea is shown in Figure 14. 
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Figure 14. Approximate shoreline limits of Mesaverde or equivalent 
regression. Maximum landward limit of transgressive 
seas (T) prior to progradation is shown on the west. 
Maximum seaward limit of regression (R) is shown on 
the east (modified from Devine, 1991) 

Devine (1991 ), proposes a different depositional model for the San Juan 

Basin equivalent deposits, which is also applicable for the La Barge platform. 

He suggests that costal swamps or lagoonal deposits of the back barrier 

environment are best explained as the product of episodic transgressions that 

interrupted the progradational history of the regional regressive sequence. 

Devine's explanation seems the most plausible, especially for the La Barge 

platform. Several transgressive-regressive couplets within a major regression 

seem more likely than a uniform gradual regression, especially when 

considering the tectonic influences in this area. During this time tectonic 

influences were actively controlling the early developmental stages of the La 

Barge platform. 
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Tertiary 

The Cretaceous-Tertiary boundary in the study area is represented by an 

angular unconformity, where the synorogenic Lookout Mountain Conglomerate 

Member of the Wasatch Formation overlies the Hilliard and Mesaverde 

Formations. The timing of this unconformity coincides with the final retreat of the 

sea in Wyoming. All later deposits are of continental origin, consisting of mainly 

fluvial or lacustrine beds. The hiatus represented here ranges from the end of 

the Late Cretaceous Maestrichtian to the end of the Early Paleocene Puercan, 

during which Darby thrusting and faulting of the Moxa arch by the Calpet 

backthrust occurred. 

The Tertiary at La Barge is composed, in ascending order, of the Hoback, 

Wasatch, Green River and Bridger Formations. The Hoback and lower 

members of the Wasatch Formation (Chappo, Lookout Mountain Conglomerate 

and La Barge Members) will be reviewed in this study. These Tertiary units are 

composed of fluvial braided and meandering streams, lacustrine and arid area 

alluvial fan deposits. For information on the New Fork and Upper Tongues of 

the Wasatch Formation, as well as the Green River and Bridger Formations, 

refer to Oriel (1969) and Donovan (1950). 

Stratigraghic Nomenclature 

Some of the problems in establishing a consistent nomenclature for the 

Tertiary in the study area were discussed in Chapter I under Previous 

Investigations. A confusing stratigraphic nomenclature resulted from early 

assumptions that the hydrocarbon producing unit outcropped within the field 

area. Based on this reasoning, descriptions of the producing formation came 

from outcrops of Wasatch units. These complications were partly the result of 
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the similarities in appearance and age of the Hoback and Wasatch Formations 

in the La Barge area but, as indicated in Chapter IV, several notable differences 

are observable. A final complicating factor was insufficient subsurface data 

prior to the 1960's. Before 1960, subsurface data consisted primarily of sample 

logs and cuttings which were of little help in distinguishing these subtle 

differences. 

Due to these complications, the drab colored Paleocene producing 

sandstones of the La Barge field have been called the Almy Formation, the 

Almy Member of the Wasatch Formation, the Evanston Formation, the Fort 

Union Formation, and the Hoback Formation (Table I). 

Use of the name Almy Formation and the Almy Member of the Wasatch 

Formations are incorrect due to discrepancies of age with the type Almy, which 

was discussed in Chapter I under Previous Investigations. Other factors include 

major compositional differences between the two. The Almy at its type location 

is composed primarily of a cobble to boulder size conglomerate with clasts of 

sedimentary origin, whereas the Hoback in the subsurface at La Barge consists 

mainly of medium to coarse grained sandstone beds of igneous and 

metamorphic provenance. 



ASSIGNED NAME 
1) ALMY FORMATION 

2) ALMY MEMBER OF THE WASATCH FORMATION 

3) EVANSTON FORMATION 

4) FORT UNION FORMATION 

5) HOBACK FORMATION 

REFERENCE 
SCHULTZ (1914) 

TEXACO DOCUMENTS 
BERTAGNOLLI (1941) 

CHRISTENSEN AND MARSHALL (1950) 
KRUGER (1955, 1960) 

MICHAEL (1960) 

MURRAY (1960) 

BERG (1961) 
ASQUITH (1966) 

DUNNEWALD (1969) 
CURRY Ill (1973) 

McDONALD (1973) 

ORIEL (1969) 
DORR AND GINGERICH (19800 

Table I. Stratigraphic names assigned to the Paleocene producing sands of 
the La Barge area 
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Reasons for abandoning the term Evanston Formation were developed 

during field investigations and are discussed under that topic in Chapter IV. 

The usage of Fort Union seems reasonable in regards to relative age and 

general composition, but this term has been applied to such a wide variety of 

sequences in many basins that it has unfortunately become a synonym for 

Paleocene (Oriel, 1969). 

It was not until1969 that the name Hoback Formation was first suggested. 

Oriel adapted this term from observed similarities in age and composition 

between the subsurface unit at the La Barge field with the type section in the 

Hoback Basin further to the north. The Hoback Formation named by Eardly and 

others (1944) and defined by Dorr (1952), is 15,000 feet thick in its type locality 

at T. 38N., R. 114 W., along the Hoback River, Sublette County, Wyoming (Oriel, 

1969). It outcrops along the northwestern margins of the greater Green River 
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Basin (Hoback Basin area) and probably connects in the subsurface with the 

strata in the La Barge field (Figure 15). 
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Figure 15. Correlation of upper Cretaceous and lower Tertiary units of western 
Wyoming (from Dorr, Spearing,and Steidtmann, 1977) 

The only problem in equating the Hoback in its type area with the Hoback at 

La Barge is compositional differences. The majority of the Hoback sandstone 

units described in the type location are composed of rounded grains of 
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sedimentary origin, which according to paleocurrent analysis reveal a westerly 

source (Spearing, 1969; Dorr, Spearing, and Steidtmann, 1977}. The Hoback 

at La Barge is composed mainly of igneous and metamorphic grains believed to 

be sourced from the Wind River Mountains to the northeast. An exception to a 

westerly sedimentary source for the Hoback in its type area is indicated by Dorr 

(1952}, where he describes some of the lower Hoback sands as angular, 

quartz-rich, arkoses of igneous origin. He postulates the source being the Gras 

Ventre-Wind River uplift which was the only active basement-exposed uplift in 

this area during Hoback deposition. Spearing (1969), also mentions some 

problems with assuming a western source for all of the Hoback Formation in the 

Hoback Basin. He explains that some intertonguing of the Hoback sands in the 

south central part of the Hoback Basin exhibit a different composition and, 

therefore suggest a dominance of an additional source in this area. 

These compositional differences can be explained by tectonic interaction 

prior to and during Hoback deposition. As mentioned in Chapter II, movement 

of the Darby thrust was believed to be much greater along the northern segment 

of this thrust in the Hoback Basin. This would explain the dominance of 

westerly-sourced sediment in the type area well into the time of Hoback 

deposition. The length of time this westerly sourced sediment would influence 

the study area was much less than that to the north, since movement along the 

Darby thrust near La Barge was only minor. Reasons for this were given in 

Chapter I. This fault movement is represented by the diamictite bed of the 

Lookout Mountian Conglomerate Member found on the unconformity surface 

(Figure 3). Because of these conditions, Hoback sands from the northeast were 

able to onlap on the La Barge platform as they prograded west toward the basin 

axis. 
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The lower Hoback sands described by Dorr in the Hoback Basin probably 

represent deposits from the east prior to overwhelming influence of sedimentary 

material shed from Darby thrust. The anomalous sands described by Spearing 

in the south central part of the Hoback Basin most likely represent the 

commingling of streams sourced from the eastern igneous and metamorphic 

terrain and the western sedimentary terrain. Due to distance from the western 

source and the presence of a basin of deposition in the central portions of the 

present day Hoback Basin where the majority of Hoback sediments collected, 

these deposits were dominated by material from the eastern source. This would 

explain the presence of minor amounts of sedimentary clasts, mainly chert, 

which are seen in the Hoback sands of La Barge. Further descriptions of 

Hoback depositional environments and varied source areas are discussed in 

Chapter VI. Because of this interconnection of the Hoback Formation of the 

Hoback Basin with strata at La Barge, the name Hoback Formation best 

describes deposits within the study area. 

Hoback Formation 

The gray noncalcareous diamictite unit above the Tertiary-Cretaceous 

unconformity in the study area, is interpreted as the basal tongue of the 

synorogenic Lookout Mountain Conglomerate Member of the Wasatch 

Formation (Figure 3). This unit represents alluvial fan material shed by the 

Darby thrust sheet. Reasons for assigning this unit to the Wasatch Formation 

are based on similarities in composition of clasts and age of equivalent 

synorogenic units north and south of the study area. Further descriptions of this 

unit are given with the Wasatch Formation. 
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Based on this interpretation, the base of the Hoback Formation in the study 

area is the top of the lacustrine shale unit above the diamictite bed (Figure 3). 

Evidence from the few wells that logged this lacustrine interval and core from 

well Tl-4 suggests that this lacustrine deposit was confined to the eastern flank 

of the La Barge platform. Core from well Tl-4 shows the diamictite facies of the 

Lookout Mountain Conglomerate Member directly below interval TH-2. 

Confronted with this, and the fact that less than five percent of the logs studied 

actually penetrated the lacustrine shale interval or the unconformity, this 

lowermost interval of the Hoback was omitted from the study. 

Five distinct productive intervals within the Hoback Formation were identified 

from well log data in the La Barge field as shown in the type log (Figure 3). 

These intervals were named in ascending order as TH-1 (Tertiary Hoback 1) 

through TH-5. Due to the onlapping nature of these sands onto the La Barge 

platform, TH-1 is only found on the eastern half of the field. Where TH-1 is 

missing, TH-2 is considered the basal sand unit. As stated by Curry (1973) and 

others, the top of the Hoback Formation is difficult to pick on well logs due to the 

similarities of the overlying Wasatch Formation. The top used here for the 

Hoback Formation is based on observable changes in sand distribution and 

overall electrical log variations above and below this point. Whether or not this 

is the actual top of the Hoback Formation is unknown, but the top picked 

includes all of the oil productive sands at La Barge, which is the major concern 

of this study. 

The composition of the Hoback sandstone beds are very similar to each 

other. They are composed of moderately sorted, angular, medium to coarse 

grained, igneous, metamorphic and to a lesser degree, sedimentary grains, 

which are poorly cemented and have a salt and pepper texture resulting from 

black chert grains. The source of this sediment is from the Wind River uplift to 
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the northeast, with minor input from material sourced from the west. Reasons 

for this interpretation are discussed later in Chapter VI. Minor amounts of very 

fine grained to silty beds are also present, but they are relatively thin and few in 

number. Thin coal beds and stringers are also present, but they are not laterally 

extensive. For this reason the thin calcareous black to gray shales distributed 

throughout the formation were the only correlation markers available. 

Well log and core data of the Hoback Formation suggest a transition from a 

sand-rich perennial braided stream deposit to an ephemeral braided stream 

deposit by TH-5 time. Reasons for this interpretation are given in Chapter VI. 

Thickness of the Hoback at La Barge varies, but the average thickness, 

including the basal lacustrine shale interval, is 670 feet. 

The Hoback Formation at La Barge has been assigned a late Middle 

Paleocene (Torrejonian) to early Late Paleocene (Tiffanian) age. Palynological 

dating of the lacustrine shale interval in a well in the Birch Creek unit east of the 

study area (Asquith, 1966) supports the basal age limit. The age of the top of 

the Hoback is given as latest Early Tiffanian based on a maximum age of the 

overlying Chappo Member of the Wasatch Formation which outcrops within the 

field area (Dorr and Gingerich, 1980). 

Wasatch Formation 

Within the study area the Wasatch Formation is composed of five members: 

(1) the Lookout Mountain Conglomerate Member, (2) the Chappo Member, (3) 

the La Barge Member, (4) a middle tongue named the New Fork Tongue, and 

(5) an Upper Tongue. A minor unconformity is present between the folded 

Chappo Member ( previously referred to as Fort Union or Almy) and the 

undeformed La Barge member (Oriel, 1962). This Wasatch shows an interesting 



52 

intertonguing relationship with the Green River Formation which adds to the 

complexity of the interrelationships of all of these laterally changing members. 

A diagram showing this intertonguing relationship is shown in Figure 16. This 

study deals only with the Wasatch members in direct contact with the Hoback 

Formation. These include the Lookout Mountain Conglomerate Member and 

the Chappo Member. For description of the remaining Wasatch members as 

well as the Green River Formation and their interfingering relationship refer to 

Donavan (1950) and Oriel (1962). 

Figure 16. Tertiary stratigraphic relationships of the La Barge field area 

Lookout Mountain Conglomerate Member of the Wasatch Formation. This 

unit represents a synorogenic alluvial fan deposit of the Darby thrust sheet. 
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Evidence of this comes from the composition, age, and distribution of this unit. 

The Lookout Mountain Conglomerate Member is dominated by conglomerate, 

but also includes gray to brick red interbedded diamictite, sandstone and 

mudstone beds (Oriel, 1962}. This conglomerate member includes most of the 

strata assigned by Schultz (1914} to the Almy Formation along the eastern flank 

of the Wyoming thrust belt (Oriel, 1962}. 

A variety of pebbles are found within the Lookout Mountain Conglomerate, 

some of which include sandstone and quartzite from the Nugget sandstone, 

Ankareh and Wells Formations, and carbonate rocks from the Twin Creek and 

Thaynes Limestones, Phosphoria Formation and Madison Limestone (Oriel, 

1962). The main constituents are quartzite and chert pebbles. Pebbles 

observed in well Tl-4 consisted entirely of quartzite and chert. The diamictite 

bed at the unconformity surface mentioned earlier is the only facies of this unit 

seen in the subsurface within the field (Figure 3). This diamictite bed thickens 

toward its westerly source in the subsurface, except in areas where it is evident 

that interval TH-2 down cut and reworked this bed. Evidence for reworking of 

the diamictite bed was seen in core from well Tl-4. Although this diamictite bed 

does not produce in the La Barge field, it does produce to the east in the Birch 

Creek field, where oil from the Mesaverde has seeped through the unconformity 

and has charged this conglomerate. 

Due to poor exposure, the thickness of this unit at La Barge is not known, but 

further north an incomplete section of 1,000 feet is exposed, suggesting a 

possible thickness of several thousand feet. Only a few fossils have been found 

in this unit which suggest the upper parts as Lost Cabin age. In other parts of 

the Green River Basin (Hoback Sub-Basin) this peripheral conglomerate has 

been assigned a Paleocene to Middle Eocene age, which agrees with the age 

of active movement of the Darby thrust. Pollen dating of the lacustrine shale 

dominance of fine grained overbank material. 
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interval given by Asquith (1966), indicates a possible latest Early Paleocene 

(late Puercan) to early Middle Paleocene (early Torrejonian) age for this basal 

bed. 

Chappo Member of the Wasatch Formation. Conformably overlying the 

Hoback Formation is the Chappo Member of the Wasatch. The limited 

exposures of the Chappo within the study area reflect the anticlinal structure of 

the La Barge platform or Moxa arch. For this reason it was assumed by most 

early workers in this region that the oil producing sands of the La Barge field 

were from the Chappo Member of the Wasatch. As discussed in the section on 

field investigations, compositional and chronological differences between 

outcrop and core disprove this assumption. Composition, age and thickness of 

this unit are discussed under field investigations. 

The implied depositional environments of the Chappo are lacustrine and 

meandering stream deposits with minor shallow oxbow lakes. The 

compositional nature of this unit suggests that it originated from a sedimentary 

source to the west in the overthrust belt. In addition to a change in source area 

from that of the Hoback, the Chappo Member may represent more arid 

conditions, as evidenced by the lack of coal beds in the Chappo, despite its 

dominance of fine grained overbank material. 



CHAPTER IV 

CORE AND FIELD STUDIES 

Core Descriptions 

Four slabbed cores were described to determine sedimentary structure 

trends and sediment composition, size and shape. Depositional environment 

interpretations were made based upon these observations and Maill's facies 

code classification system. Reasoning for interpreted depositional environment 

based on core and well log data is given in Chapter VI. 

The locations of the four wells; M327, Tl-4, K634W, and J503Y are shown in 

Figure 5. Cored intervals vary, but most include all or portions of intervals TH-2, 

TH-3, and TH-4. Interval TH-1 was not cored because none of the wells were 

far enough east to include this interval. None of the wells cored included 

interval TH-5 because this interval was not known to be productive at the time of 

coring. Only well Tl-4 included the Lookout Conglomerate Member and the 

Tertiary-Cretaceous unconformity, therefore it was used for the palynology 

study. 

Core descriptions with a correlated gamma ray log are included for each well 

and are found in Appendix A. Most siltstones and mudstones were found to be 

calcareous in nature, except for the black to dark gray fossiliferous and 

carbonaceous mudstones. Sandstones showed only very minor calcite and 

dolomitic cement and for the most part were poorly silica cemented and highly 

friable. 
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Palynology of the Hoback Formation 

Four core samples from well Tl-4 were prepared for palynological analysis 

and sent to the Shuler Museum of Paleontology at Southern Methodist 

University. These samples were taken from the the diamicite bed of the Lookout 

Mountain Conglomerate Member and from several intervals of the Hoback 

Formation. The top, middle and base of the Hoback were sampled (Appendix 

A). Analysis of these samples revealed significant quantities of organic material 

but no intact pollen or spores. Although this analysis proved to be inconclusive, 

palynology data presented by Asquith (1966) provided a Middle Paleocene age 

for the basal part of the lacustrine shale interval. These data provide a minimum 

age for the Hoback Formation on the La Barge platform as well as a fairly good 

time constraint for initial movement on the southern segment of the Darby thrust. 

Field Investigations 

Field investigations were conducted for three reasons: to examine the type 

locations of the Almy and Evanston Formations, to determine if outcrop in the 

field area is equivalent to the producing unit, and to examine regional and local 

structural features for their effect on Hoback sedimentation. Type locations for 

the Almy and Evanston Formations are conveniently located within a few miles 

of each other, outside of the town of Evanston Wyoming (Figure 17). The other 

outcrop areas were located in an around the La Barge area and are shown in 

Figure 10. 
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Figure 17. Outcrop locations of the Evanston and Almy Formations at their type 
locations 

As mentioned earlier, the usage of the term Almy Formation at La Barge field 

has been abandoned in light of lithologic and age discrepancies with the type 

location at Almy, Wyoming. The purpose then, in examining Almy outcrop at its 

type location was purely historic. Figure 18 shows the large scale cross-
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bedded conglomerates and coarse to cobbly sandstones observed at the type 

location. 

Figure 18. Outcrop of the Almy Formation at its type locality (see Figure 17) 

The Evanston Formation had more importance in that it is time equivalent 

with the producing unit (Middle to earliest Late Paleocene) (Rubey, Oriel and 

Tracy, 1961 ). Examination of outcrop of the Evanston Formation at its type 
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locality revealed a larger percentage of shale and coal than that seen with the 

producing Hoback Formation of La Barge (Figure 19). The sandstones, when 

present in the Evanston Formation, lacked the arkosic, igneous and 

metamorphic rich grains of the Hoback at La Barge. The Evanston Formation is 

also believed to be an isolated deposit confined to the limits of the Fossil Basin. 

Therefore, due to the provincial and observed sedimentological differences of 

the Evanston Formation with those of the producing unit, the use of the term 

Evanston Formation, at La Barge, is not recommended. 

Figure 19. Type location of the Evanston Formation (see Figure 17) 

Some authors (Christensen and Marshall, 1950; Asquith, 1966 and 

Dunnewald, 1969) suggested that the producing formation outcropped within 
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the La Barge field in an area described by Oriel (1969) as the lower most 

Wasatch or the Chappo Member of the Wasatch Formation. Several other 

outcrops of the Chappo Member in the La Barge area were described by Oriel 

(1962) and by Dorr and Gingerich (1980). During field work these outcrops 

were reexamined to determine their possible inclusion within the producing 

sand of La Barge (Figure 1 0). Findings were consistent with Oriel, Dorr and 

Gingerich in that these deposits differed from those observed in the core and 

are in fact part of the Wasatch Formation (Chappo Member). 

Where exposed, the Chappo showed large amounts of mudstones and 

limestone in addition to the siltstones and sandstones. Core examined from the 

field showed only minor amounts of mudstones and no well developed 

limestone beds as seen in the Chappo on outcrop, although a fair amount of 

calcareous mudstone was observed in the core (Appendix A). The distinctive 

pisolite beds of the Chappo Member were not observed in the core. In outcrop, 

these pisolite beds ranged in thickness from 4 to 10 or more feet and were seen 

in most exposures. The coal beds and stringers found throughout the core were 

not observed in the Chappo outcrop. Most importantly, the composition and 

amount of sandstones beds differed. The core revealed more angular 

fragments with considerable amounts of mica and feldspar grains and a much 

higher sandstone to mudstone ratio, while the Chappo outcrop demonstrated 

more rounded grains with no observed mica, and a much lower sandstone to 

mudstone ratio. In addition, the Chappo sands were not as clean and 

contained grains of a sedimentary origin. 

Age dating from core and outcrop also suggested the Chappo Member and 

the Hoback Formation are two distinct units. Age determination for the Chappo, 

as derived from mammalian fossil assemblages collected by Dorr, Gingerich, 

Gazin and others, revealed a Late Paleocene (middle Tiffanian) age for the 
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stratigraphically lowest outcrop portions of the Chappo Member. Although none 

of the outcrop locations described in the La Barge area contain the basal 

contact, it is believed that most of the formation is exposed at the type locality at 

Chappo Gulch, where measured sections by Dorr and Gingerich totaled 538.35 

feet (Figure 20). A Middle Paleocene age (Asquith, 1966) suggests that the 

Hoback Formation is older than the Chappo Member. For detailed measured 

section descriptions of the Chappo in the La Barge area refer to Dorr and 

Gingerich (1980). In light of field observations discussed here and other factors 

described in Chapter Ill, the term Hoback Formation was chosen for the Tertiary 

producing sands of the La Barge field. 

Figure 20. Type location of the Chappo Member of the Wasatch Formation 
along Chappo Gulch. See Figure 1 0 for location (TL=type locality) 
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The final field objective was to examine the study area for any surface 

structural features. Rather thorough observations revealed only one area of 

surface-expressed faulting. This occurred in the Rainbow Camp area near well 

E 303 in the SW1/4, NW1/4 sec. 3 T. 26N., R 113W., Lincoln County, Wyoming 

(Figure 21 ). At this location Chappo beds strike north and dip vertically, due to 

deformation within the La Barge thrust sheet. Extrapolations of these vertical 

beds along strike were not possible due to concealment by the undeformed La 

Barge Member of the Wasatch Formation. Previous work within the study area 

shows an extensive amount of faulting trending east-west throughout the field 

(Hefta and Larson, 1978). This faulting has been used to explain segmentation 

of the reservoir within the field. Aerial photos, subsurface studies and field 

investigations do not support this assumption. It is therefore believed that one 

or several other factors govern the segmentation of the reservoir. 



Figure 21. Outcrop of the Chappo Member within the La Barge field. Arrow 
shows the location of the vertical Chappo beds. See Figure 10 
for location (OW=oil well locality) 
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CHAPTER V 

SUBSURFACE GEOLOGY BASED ON ELECTRIC 

LOG STUDIES 

Introduction 

In order to decipher the nature of the Hoback Formation at La Barge, a 

number of subsurface cross-sections and maps were made. These data 

provided insight on the depositional environments, distribution, thickness, 

structural influences and trends of the Hoback sands. Since the Hoback 

Formation does not outcrop here, this information and four well cores provided 

the data upon which Chapter VI was based. All maps and cross-sections with 

the exception of the cumulative production map (Plate XVIII) will be discused in 

this Chapter. Explaination of the cumulative production map is given in Chapter 

VII. 

Cross-Sections 

Stratigraphic 

Four stratigraphic cross-sections were made; three west-east (A-A', B-B', and 

C-C'), and one north-south (E-E') as shown in Plates XIII, XIV, XV and XVI. 

The"X" marker bed shown in Figure 3, was used as the stratigraphic datum on 

all stratigraphic cross-sections except in B-B'. Cross-section B-B' was hung on 

the top of interval TH-2 because the "X" marker was faulted out on the 
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westernmost well by the Hilliard Thrust. The onlapping nature of interval TH-1 

along the eastern portion of the field can be seen in all cross-sections except E

E'. The other four intervals show a relatively consistent thickness across the 

field, but a high variance in number, size, and character of sand bodies per 

interval is evident. 

Structural 

One structural cross-section was made to show the structural characteristics 

of the La Barge field (D-D', Plate XVII). The overall size of the anticlinal 

structure as well as the up-dip pinch out of TH-1, the lacustrine shale interval, 

and the lower TH-2 sand can be seen. The cross-section was hung on a datum 

6,000 feet above sea level. 

Structure Maps 

Three structural maps were made, two structure maps on stratigraphic 

horizons and one on the Hilliard thrust plane. A contour interval of 50 feet was 

used on the basal Hoback sand structure map (Plate II). The top of interval TH-

3 ("X" marker) structure map (Plate Ill) and the Hilliard fault plane map (Plate IV) 

were constructed on a 1 00 foot contour interval. 

Base Of Hoback Sand Map 

This map (Plate II) shows the north-south trend of the La Barge platform (La 

Barge anticline). The western curvature of the northern part of the structure is a 

product of the change in trend of the Moxa arch and its related backthrust, the 

Calpet thrust. Three structural closures are present within the study area along 

the anticline. The position of the Hilliard thrust on this map is based on the 



Hilliard fault plane map. All wells within the study area appear on this map to 

show the overall number of wells and the distribution of usable data points. 

Top of TH-3 Interval ("X" Marker) Map 
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A second structure map was made on the top of the TH-3 interval (Plate Ill) to 

show how Hoback deposition was affected by the underlying structure. This 

map revealed the same general trend as the previous structure map. The 

position of the Hilliard thrust is based on the thrust plane structure map. 

Hilliard Fault Plane Map 

Based on data from wells that intersected the Hilliard thrust, a map was 

constructed on the Hilliard fault plane. The map (Plate IV) shows a rather 

sinuous north-south fault trend with three tear faults along which differential 

movement of the thrust plane occurred. The data from this map were used to 

determine the position of this fault trace on the other structure maps. 

Net Sand lsolith Maps 

A sand isolith map was made for each of the five intervals. To avoid 

problems with different drilling fluids and logging types employed throughout 

the field, net sand values were obtained from a 50 percent clean sand line 

rather than using absolute gamma-ray or SP scale cutoffs. The number of sand 

bodies in each interval was posted for all data points. In addition, a shape code 

was posted for all the sand bodies ten feet or greater in thickness. When more 

than one shape code was present, codes were posted from thickest to thinnest. 

These data, along with shading areas containing forty feet or less net sand, 

provided a generalized paleoenvironment map for each of the intervals. Since 
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these intervals contain several individual fluvial sand bodies in a rapidly 

changing fluvial system, only an average or dominant channel position for each 

interval could be established. All net sand maps were made with a 20 foot 

contour interval except the map for TH-5 which was mapped on a 40 foot 

contour interval because of the high degree of variance in net sand values. 

TH-1 Interval Net Sand Map 

This interval is better represented to the east in the Birch Creek unit, but the 

westernmost channel of this fluvial system is seen onlapping the eastern flank 

of the structure (Plate V). The updip termination of this interval nearly duplicates 

the +5,650 foot contour line on the basal Hoback sand structure map (Plate II). 

The western termination of TH-1 reflects the northwestern curvature of the La 

Barge platform in the north part of the field (T. 27 N., R. 113 W., Sec. 26). 

TH-2 Interval Net Sand Map 

Interval TH-2 shows an eastern dominance of sand, but also reflects channel 

deposition on the western flank of the structure (Plate VI). It appears that the 

large basal sand of interval TH-2 terminates a little further west than the TH-1 

sand body. The upper sand of TH-2 was the first sand body to exhibit 

substantial deposition on the west limb of the structure. This relationship of the 

upper versus lower sand body of TH-2 can be seen in structural cross-section 

D-0' (Plate XVII). 

TH-3 Interval Net Sand Map 

Interval TH-3 shows an even distribution on both flanks of the structure (Plate 

VII). The noticeable difference between TH-2 and TH-3 is the shift of thicks to 
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the west in TH-3, where the thins of interval TH-2 were located. The converse is 

also true in that major thicks of TH-2, especially on the eastern flank, are 

occupied by thins of TH-3. The end of TH-3 deposition represented 

approximately equal deposition of the Hoback sand on both flanks of the 

structure due to channel shifting accommodating depositional lows. 

TH-4 Interval Net Sand Map 

TH-4 deposition dominated the central part of the map area, or the structural 

high of the La Barge platform. Thins are located on the east and west flanks, 

while thicks occupy both flanks of the three structural highs noted on the basal 

Hoback sand structure map (Plate VIII). Some of the prominent thicks located in 

the central part of the map area during TH-3 deposition became thins during 

TH-4 deposition. An example of this would include the southwest 1/4 of section 

3, T. 26 N., R. 113 W. 

TH-5 Interval Net Sand Map 

Interval TH-5 (Plate IX) is unique in several regards. It is the first interval net 

sand map which suggests an absence of channels to the east of the study area. 

This map is also the first to suggest major input from the northwest, as opposed 

to the dominant northeasterly trend seen in the previous intervals. Finally, and 

most unique, is the higher degree of variance of net sand values, which merited 

a change in the contour interval. TH-5 is also the first interval to have zero net 

sand values for some data points. The thicks of this interval are located near 

the western flanks of the structural highs of the field, except in the southern half 

of the field, where the thicks occupy both flanks of the structure. Thin areas in 



the central portion of the study area duplicate those of TH-4 and occupy the 

apex areas of the La Barge platform. 

Interval Isopach Maps 
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Interval isopach maps were made for TH-2, TH-3 and TH-4. Isopach maps 

for intervals TH-1 and TH-5 were not constructed for different reasons. Interval 

TH-1 had a average sand value of 92 percent (Appendix B), therefore an 

isopach map of this interval would not show anything different than the net sand 

map. Interval TH-5 had such a variable interval thickness that contouring it 

would have required a contour interval so large that the map would have been 

uninformative. The three isopach maps made were contoured on a 20 foot 

contour interval. 

TH-2 Interval Isopach Map 

TH-2 interval isopach map (Plate X) closely replicates the TH-2 net sand 

map. Its main value then, is exhibiting the proportion of sand versus the overall 

thickness of the interval when comparing the two maps. 

TH-3 Interval Isopach Map 

As with TH-2, interval TH-3 (Plate XI) closely imitates the net sand map. Its 

main value is the same as that given for TH-2. 

TH-4 Interval Isopach Map 

This map (Plate XII) shows fewer similarities to its net sand map than the 

previous two maps. Areas noted as thins on the net sand map reflect thicks on 

the isopach map. The most interesting of these areas being the north central 
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portion of section 34 T. 26 N., R. 113 W. on one of the structural highs defined 

by the structure maps. The difference observed in the trends seen in TH-4 

versus those of the lower sands reflects a change in the depositional nature of 

the upper Hoback Formation, which will be discussed in Chapter VI. 



CHAPTER VI 

DEPOSITIONAL ENVIRONMENT OF THE 

HOBACK FORMATION 

Environmental Interpretation 

The Hoback Formation of La Barge represents fluvial deposition on a broad 

alluvial plain. Spelman (1976) described this formation as a meandering 

stream deposit based on electric log shapes and a fining upward sequence 

seen in core taken from the field. Electric log cross-sections, subsurface maps 

and core suggest these deposits represents a sand dominated braided stream 

deposit. 

Braided rivers consists of a series of broad, shallow channels and bars with 

elongated areas active only during floods, and dry islands (Miall, 1977). At low 

and moderate flows, individual channels are wide and shallow and generally 

floored by dunes and bars (Busch and Link, 1985). Bars are composed of three 

main types; longitudinal bars, comprising crudely bedded gravel or corse sand 

sheets; transverse to linguoid bars, consisting of downstream avalanche-face 

progradation of sand or gravel, and point or side bars formed by bedform 

coalescence and chute and swale development in areas of low energy (Miall, 

1977). 

Sand dominated braided stream and meandering stream deposits are 

similar in many regards, and for this reason are difficult to distinguish in the 
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geologic past. Notable distinguishing characteristics of braided streams and 

examples from the Hoback Formation are given below. 
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Braided river deposits have channels with high width to depth ratios. The 

sheet like Hoback channel sands are composed of several shallow, wide 

channel deposits. Evidence of this is seen in net sand maps of individual 

Hoback sand intervals. Individual channel sequences are relatively thin (less 

than 40 feet thick) but up to or greater than a mile in width. 

A second characteristic of braided stream deposits is a high sand to mud 

ratio. Sand to mud/silt ratios in the lower Hoback sands (TH-1, TH-2 and TH-3) 

are 50 percent or greater, while TH-4 and TH-5 reflect higher mud and silt ratios 

(Appendix B). The reason for this change is discussed later. 

Flashy discharge indicative of braided rivers is exemplified by the cyclic 

deposits (fining upward) of the Hoback Formation. These upward fineing 

sequences seen in the core show interruption by scour trough cross-bedding 

which dominate or interrupt this cyclic deposition. The dominance of these 

deposits throughout the section indicates flashy discharge. 

Another characteristic of braided rivers is unconfined flow, which in the 

Hoback Formation is suggested by the lack of a single prominent channel and 

the absence of laterally extensive overbank deposits. Another indicator of 

unconfined flow of the Hoback Formation is the large lateral extent of these 

sheet sands. Most of these sand units are seen throughout the entire study 

area. 

Braided stream deposits have a characteristic multilateral geometry (Figure 

22). The multilateral nature of the Hoback sands can be seen from the well log 

cross-sections. These multilateral channel fills volumetrically exceed overbank 

deposits, resulting in this characteristic bed load channel geometry. Differences 
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between braided bed load geometries and meandering mixed load geometries 

are shown in Figure 22 
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Figure 22. Geomorphic and sedimentary characteristics of various channel 
types and their deposits (from Galloway and Hobday,1983) 

A high variability of sedimentation units is another characteristic of braided 

river deposits. This is due to mainly to the flashy nature of flow in this 

depositional environment. The degree of variance in electric log shapes of time 

equivalent sands in nearby wells suggests a variability in sedimentation units 

within individual Hoback sands. Core data supports the assumption that 

individual sheet sands are not homogenous, but in fact are composed of a 



74 

variety of sub-facies, which exhibit characteristic bedforms. Descriptions of 

these sub-fcies included within the braided environment will be given later. 

This lack of homogeneity is the cause of reservoir segmentation, which will be 

discussed in Chapter VII. 

Braided rivers are composed of multiple channels, where as meandering 

and distributary channel systems have only one prominent channel. The 

Hoback Formation shows a multichannel configuration on the net sand maps 

generated. This constantly changing multiple channel configuration makes 

mapping of individual channel sands difficult and in turn, results in complicated 

segmentation of individual sheet sands. 

The final characteristic of braided alluvial deposition is low bank stability. 

The Hoback Formation exhibits this with the lack of laterally extensive overbank 

deposits. This would suggest a low preservation potential of this material due to 

the unconfined nature of the channel system. Considerable amounts of 

overbank and low flow regime bedforms are redeposited as rip-up clast within 

channel scours during periodic flooding conditions, when the entire alluvial 

plain is flooded. Under these conditions bank stability is rarely achieved. 

Other less diagnostic features of braided deposition would include high 

gradient, low sinuosity and dominance of angular to subangular sand and 

gravel deposits. Structural complexities in the La Barge region make 

calculations of Paleocene stream gradient difficult to determine. For this reason 

the gradient during deposition is unknown. Sinuosity of the overall belt of 

Hoback deposition is low, but within this belt the diagnostic braided channel 

pattern is evident and in many cases is highly sinuous. Grain size of the 

Hoback formation ranges from fine to coarse sand with a dominance of medium 

grained sand. Grain shape ranges from subangular to angular with a 

dominance of angular grains (Figure 23). 
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Figure 23. Thin section of the Hoback Formation showing clay drapes 
associated with cross-bedding. Red squares indicate magnified 
areas shown in 23 (b) and (c). Clay drapes are intermixed with 
pyrite mica and silt. These clay drapes would probably hinder 
horizontal fluid movement. Note the angularity of the grains as 
well as the dominance of quartz (from Spelman, 1976) ..... 
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It is evident that the Hoback formation meets almost all the criteria indicat~ve 

of a braided fluvial environment and therefore should be classified as such. 

Miall (1985b) believes that this classification of braided streams is too broad 

and should be further subdivided. He states that some of these diagnostic 

characteristics can be present in other fluvial regimes and therefore, fluvial 

classification should be based on overall geometry and frequency of specific 

facies types. A list of his different facies types, their assigned facies code, 

characteristic sedimentary structures and depositional interpretations are given 

in Table II. Based on these criteria, Miall proposed six main classes for 

interpretation of ancient braided river deposits in the surface and subsurface. 

Half of these models are gravel-dominated, whereas the other half are sand 

dominated systems. The three sand dominated models are shown in Figure 24. 

Dominant and minor facies code associations for each of these models are 

given in Table Ill. 

Bedforms of Sand Dominated Braided Rivers 

As mentioned earlier, the main bedforms of sand dominated braided rivers 

are bars (several varieties), sand waves and dunes. Vegetated islands are of 

minor importance and form on pre-existing bars or emergent dunes during 

waning flow. The position and internal composition of the major bedforms 

within the braided environment are shown in Figure 25. This block diagram 

reflects depositional conditions present during Hoback deposition. Brief 

descriptions of these various bedforms and their internal structure are given 

below. 
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...... 
c.- lid __ ,......._ .............. 
Gms massive, matrix none debris flow 

supported gravel deposits 

Gm masalveor horizontal bedclng, longitudinal bars, 
a'Udely bedded Imbrication lag deposits, 
gravel sieve deposits 

Gt grav.,, stratified trough aossbeds minor channel fills 

Gp gravel, stratified planar crossbeds &nguoid bars or del· 
taic growths from 
older bar remnants 

St aand,medlum solitary (theta) or dunes (lower flow 
to v. coarse. grouped (pi) trough regime) 
may be pebbly c:rossbeds 

Sp sand, medium solitary (alpha) or linguoid, transverse 
to v. coarse. grouped (omikron) bars, sand waves 
may be peably planar crossbads (lower flow regime) 

Sr sand, very ripple marks of all ripples (lower flow 
fine to coan~a types regime) 

Sh sand. vary fine horizontal lamination planar bed flow 
to very coarse, parting or streaming (1. and u. flow regime) 
may be peDbly lneatlon 

Sl sanc:t.nne low angle (<10, scour liDs, crevasse 
crossbeds splays,anlldunes 

s. aroeionaiiCOUrl crude crossbedding scour fills 
with lntraclats 

Sl sand, fine to broad. shallow scours scour tills 
coarn, lnclucing eta croa-
may be pebbly slratllicatlon 

sse. She, Spe sand · analogous toSs, Sh, Sp eolian deposits 
Fl sand, silt, mud fine lamination, overbank or waning 

very smail ripples flood deposits 

Fsc IIIII, mud laminated to maaaive backawamp depoaita 

Fcf mud massive, with freshwater bac:kswamp pond 
molluscs depoaits 

Fm mud, sib massive, desiccation overbank or 
cracks drape deposits 

Fr silt, mud rooaets seataarth 

c coal, carbona· plants, mud films swamp deposils 
ceouamud 

p carbonate pedogenic features soil 

Table II. Lithofacies and sedimentary structures of modern and ancient braided 
river deposits (from Miall, 1978) 
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Figure 24. General stratigraphic models for sand dominated braided streams. 
Descriptions of individual facies are given in Table II (from Miall, 
1978) 
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NIIN EnvlronNnlal M•n Minor 
..nina facl• .... 

Tr.ollheim type proximal rivers Gma. Gm St, Sp, Fl, Fm 
(G,) (predominantly alluvial 

fans) subiect 10 dells flows 

Scott type proximal rivers (inducing Gm Gp, Gt, Sp, 
(G,J alk.lvlat fans) with stream St, Sr, Fl, 

nows Fm 

Donjektype distal gravelly rivers Gm,Gt, Gp, Sh, Sr, 
(G..J ( c:yc:llc deposits) St Sp,FI, Fm 

South Saskatchewan sandy braided rivers St Sp, Se, Sr, 
type (S •• l (cyclic deposits) Sh. Ss, Sl, 

Gm,FI,Fm 

Platte type sandy braided rivers St, Sp Sh, Sr, Ss, 
(S,J (Virtually non cyclic) Gm, Fl, Fm 

Bljou Creek type Ephemeral or perennial Sh, Sl Sp, Sr 
(S1l rivers subject to flash 

floods 

Table Ill. Facies assemblages and environments of the six principal braided 
stream models. Vertical trends are shown in figure 24 and facies 
codes are shown in Table II (from Miall, 1978) 
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Figure 25. Block diagram summanzmg the major morphological 
elements and their associated bedforms and 
stratifications. Stippled areas are emergent. Single 
shafted arrows indicate direction of bedform movement 
and double-shafted arrows indicate flow directions 
(from Cant, 1978) 

Several bar types are present within the braided environment. The principal 

types are longitudinal, linguoid or transverse, and compound bars (point and 

side). Figure 26 shows the morphology and growth pattern of most of these 

various types. 



Figure 26. Morphology, pattern of growth, and water flow over and near bars 
commonly found in braided channels. Dashed lines indicate 
accretion (from Busch and Link, 1985) 

Longitudinal Bars. These bars are elongated parallel to flow and are 

diamond or cigar shaped in plan view (Miall, 1977). They are bounded on both 

sides by active channels and usually have partly eroded margins. Longitudinal 

bars form as competency of the braided channel decreases during waning flow 

and deposition occurs. The coarsest load of a channel is carried along the 

deepest portion of the channel where competency is greatest. Waning flow will 

result in deposition of the coarsest bed load as a submerged central bar. Finer 

material is trapped within the central bar as more bed load is deposited 

downstream resulting in continued vertical and longitudinal growth. 

Cross-channel or diagonal bars are a special type of longitudinal bar that 

commonly form at channel bends or junctions, but can be found anywhere 
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within a channel (Figure 25). These bars are characterized by asymmetric flow 

across the bar, rather than parallel to the bar axis (Miall, 1977). Other than the 

asymmetry of these bars, there seems to be little difference between them and 

longitudinal bars. Miall (1977) suggests the use of the general and more 

widely used term, longitudinal bar, for all such structures. 

The internal structure of longitudinal bars is massive or crude horizontal 

bedding, possibly indicating transportation in planar sheets under very high 

flow energy (Miall, 1977). Many of the massive, medium to coarse sandstone 

and pebble conglomerate units seen in the core probably represent longitudinal 

bars (Appendix A). 

Linguoid (Transverse) Bars. Linguoid bars are rhombic or lobate features 

with upper surfaces which dip gently upstream and downstream facing sinuous, 

avalanche-slope terminations (Miall, 1977). Transverse bars are similar to 

linguoid bars, except that they tend to have straighter crests. They may 

represent coalesced bars or solitary bars which extend completely across a 
channel (Miall, 1977). The two bar types probably could only be distinguished 

in the geologic record by very detailed paleocurrent work, therefore these two 

bar types have been grouped together. The maximum height at the crest of the 

avalanche-slope ranges from a few feet to several inches (Miall, 1977). 

The internal character of these bedforms consist of planar-tabular cross

bedding, representing avalanche-slope progradation. Coalesced forms 

produce migrating sand waves under increased flow rates. When linguoid bars 

are exposed during low flow conditions, they are commonly covered by dunes 

or ripples. The planar cross-beds seen in the core from well J503Y (Appendix 

A) probably represent superimposed linguoidal bar deposits. 



83 

Compound Bars. Compound bars of braided rivers tend to form by the 

coalescence of smaller bedforms, such as dunes and linguoid bars (Miall, 

1977). These bedforms build by both lateral and vertical accretion. Internal 

structures are complex and may include planar-tabular cross-bedding of dune 

or scour origin, and fine grained drape and fill deposits formed in swales (Miall , 

1977). Recognition of compound bar deposits from the geologic record may be 

impossible unless the adjacent tract to which the bar is attached is preserved as 

well. 

Sand Waves 

This bedform is a relatively straight crested, wedge-shaped or tabular 

sedimentary unit with a well defined slope face (Figure 27). It forms under 

moderate flow velocities and its size is related to depth of flow (Busch, Link, 

1985). As mentioned earlier, this bedform can evolve from coalescing linguoid 

bars during increasing flow rates. During low flow, emergent or exposed sand 

waves are known as sand flats. 

Figure 27. Tabular cross-bedding formed by migrating sand waves (from Busch 
and Link, 1985) 
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The internal structure is characterized by planar cross-bedding with ripples 

commonly found on the stoss sides. Ripple cross-lamination may be lateral to, 

or superimposed on, the cross-bedding (Cant, 1978). Distinguishing sand 

waves from linguoid bars in core would be difficult if not impossible due to their 

strong similarities. 

Dunes 

These bedforms are produced under increasing flow rates where sand 

waves grade gradually into dunes. Dunes are characterized by irregular crest 

patterns with scours occurring in the trough areas down stream from avalanche 

faces (Figure 28). Dune size varies directly with wave velocity and water depth, 

and inversely with grain size (Cant, 1978). During high velocity and shallow 

water depth, dunes become planed off and show a rounded profile. With 

increasing flow rates, the planed dunes become lower and grade into the 

horizontal sheet sands (Busch, Link, 1985). The irregularity of this bedform 

produces trough cross-bedding as the internal structure (Busch, Link, 1985). 

Dune deposition was the most common bedform observed in the Hoback cores 

and was represented by facies codes 81, Stand Ss (Table II). 
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Figure 28. Trough cross-bedding formed by migrating dunes (from Busch and 
Link, 1985) 

Classification of the Hoback Braided 

River Deposits 

Based on core descriptions, the Hoback formation best represents the Sll or 

south Saskatchewan model (Figure 24). Core descriptions indicate a 

dominance of trough cross-bedding (St) with minor facies of Ss, S1, Sr. Sh, F1 

and Fm (Appendix A). Vertical changes in the Hoback sands indicate a 

change from this type Sll deposit to that of an ephemeral equivalent of type 811. 

The lower Hoback sands (TH-1 , TH-2 and TH-3) represent a perennial 

braided stream deposit with cyclic deposition resulting from seasonal changes 

of flow rates. These changes in flow rate produced fining upward bed forms, 

interrupted by channel scours. The dominant bedforms would include sinuous

crested dunes, sand flats and vegetated islands (Figure 25). These cyclic 

deposits resulted in relatively consistent laterally extensive intervals of 

deposition. Prominent interval markers probably represent drought or low water 

conditions during which little to no deposition occurred. These conditions were 

rare in the lower Hoback as evidenced by the lack of regional markers. 
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In the upper part of the Hoback Formation (parts of TH-4 and all of TH-5) a 

dominance of Si, Sr. Sh is seen in the sand facies, with the finer sand, silt and 

mud facies becoming more dominant (Fm, F1). As mentioned in Chapter V, a 

noticeable change in the net sand map for TH-5 was observed. Due to the 

variability of data points, TH-5 was contoured on a larger contour interval. The 

percent sand values for the Hoback sands show a trend from 63 percent in TH-3 

to 39 percent in TH-5 (Appendix B). This trend from sand to silt and mud 

dominance is gradual and may represent a change from a humid to an arid 

climate resulting in transition from a perennial to ephemeral braided river. This 

would explain the large amount of finer material as well as the unpredictable 

nature of the sand deposits in interval TH-5. The fine-grained material 

represents decreasing flow deposits followed by deposition of mud in shallow, 

ponded water areas within the alluvial plain. During periodic flooding the fluvial 

system would be reactivated. Sheet sands would braid their way across the 

alluvial plain scouring the fine grained deposits in channel areas and 

depositing over them in bar areas. As flow rates decrease, low energy bed 

forms (horizontal bedding and ripple cross-stratification) would dominate 

channel and ponded water areas until the system once again was reactivated. 

Without core data from interval TH-5, and more complete data from interval TH-

4, this interpretation is only speculation based on well log signatures and 

subsurface cross-sections and maps. 

Source Area 

The composition of the Hoback sands indicates a igneous and metamorphic 

source. Most of the grains are composed of angular quartz, feldspar and 

metamorphic rock fragments. Minor amounts of mica were observed throughout 
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the formation. Thin sections reveal kaolinite as the dominant clay of the Hoback 

Formation, although very minor amounts of glauconite were also observed. 

The glauconite most likely represents re-worked late Cretaceous sediment 

which was exposed at La Barge during Hoback deposition. 

The composition and angularity of the grains indicate a relatively close 

granitic and metamorphic source (Figure 23). The only active source of this 

nature in the vicinity during the Paleocene was the Wind River Mountains to the 

northeast. The southwest flank of the Wind River Mountains shows evidence of 

Paleocene alluvial fan deposits, which more than likely supplied sediment to 

the La Barge area (Berg, 1962). Trends of the Hoback sand discussed in 

Chapter Vindicate that sediment was entering the study area from the 

northeast. Possible exceptions to this include TH-5, which showed more of a 

northwest source. Trends and composition of most of the Hoback sands 

support a source from the Wind River Mountains to the northeast. Northwesterly 

trends of interval TH-5 possibly indicate a change in source area related to 

movement of the Darby thrust in the area during Latest Paleocene. Core from 

interval TH-5 was not available, therefore composition is unknown. 

Minor amounts of sedimentary sourced material were also found within the 

Hoback sands. This indicates a possible dual source for the Hoback Formation. 

Composition was mainly chert with some sandstone and dolomite grains. This 

material is interpreted as being sourced from the west. Some of this 

sedimentary material may have come directly from the overthrust belt just west 

of La Barge, but subsurface maps did not indicate an obvious source from this 

direction for intervals TH-1 through TH-4. It is the writer's belief that most of this 

material originated from interaction of the sedimentary sourced Hoback fluvial 

sands in the southwestern part of the Hoback Basin (Figure 29). 



~' 

VI 

'( 
'( 

MAJOR UPUFTS IIIIIIIIIIIIIII 
MINOR OR ANCESTRIAL UPLIFT ~ 

ALUVIAL FAN c::::J 
LAKEORSWAMP -

VEGETATION &."t.wl 

Figure 29. Late Middle Paleocene paleogeography cartoon with study 
area outlined in red. The uplifts west of the study area 
represent thrusted material related to early, minor 
Paleocene movement, of the Darby thrust. 
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A generalized paleogeographic map of the Paleocene is shown in Figure 29. 

This map is a cartoon used to show the possible source area and general 

trends of the Hoback Formation and it is not intended to be taken as accurate 

delineation of the Hoback fluvial system. 

Paleocene Paleoenvironment 

A series of generalized paleoenvironment maps of the study area were made 

to show structural and depositional changes in the La Barge area throughout 

the Paleocene. The position and trends of the fluvial systems shown are based 

on subsurface maps constructed within the study area, while surrounding areas 

are based on speculation. 

The Early to Middle Paleocene of La Barge was, for the most part, 

characterized by a period of non-deposition during which folding and faulting of 

the La Barge platform occurred. During this time minor movement of the Darby 

thrust in the La Barge area produced a series of debris flows represented by the 

Middle Paleocene basal tongue of the Lookout Mountain Conglomerate 

Member (Figure 30). 
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Fligure 30. Early to Middle Paleocene paleoenvironment 
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Evidence from the eastern flank of the of the La Barge anticline suggests a 

shallow lake or peat swamp existed here during the Middle Paleocene. This 

deposit represents the beginning of Hoback deposition and overlaps the earlier 

debris flows on the eastern flank of the structure (Figure 31 ). 

CRETACEOUS AND OLDER ROCKS 

Figure 31. Middle Paleocene paleoenvironment 
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During the late Middle Paleocene, Hoback sands from the northeast onlaped 

the flank of the La Barge platform depositing interval TH-1 (Figure 32). The 

Middle Paleocene lake had either retreated to the southeast by this time or it 

had dried up as a result of sediment infill from younger Hoback sands. TH-2 

deposition shows that by latest Middle Paleocene, Hoback sands had made 

their way across the La Barge platform (Figure 33). 
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Figure 32. Late Middle Paleocene paleoenvironment (TH-1 deposition) 
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CRETACEOUS AND OLDER ROCKS 

Figure 33. Late Middle Paleocene paleoenvironment (TH-2 deposition) 
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Throughout the early Late Paleocene, Hoback sand braided their way across 

the La Barge platform depositing intervals TH-3 and TH-4 (Figures 34 and 35). 

By TH-5 deposition, noticeable changes in deposition occurred. TH-5 sands 

appear to enter the study area from the northwest. Early movements of the Late 

Paleocene reactivation of the Darby thrust were probably the source of most of 

this material. Composition of these sands are unknown because core was 

unavailable, but they are suspected to contain higher amounts of westerly

sourced sedimentary material similar to that of the overlying Chappo Member of 

the Wasatch (Figure 36). 

CRETACEOUS AND OLDER ROCKS 

Figure 34. Early Late Paleocene paleoenvironment (TH-3 deposition) 
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CRETACEOUS AND OLDER ROCKS 
THRUST 

Figure 35. Early Late Paleocene paleoenvironment (TH-4 deposition) 

CRETACEOUS AND OLDER ROCKS 

Figure 36. Late Paleocene paleoenvironment (TH-5 deposition) 

Finally, continued Late Paleocene movement of the Darby thrust resulted in 

deposition of the alluvial fan deposits of the Lookout Mountain Conglomerate 

and the westerly sourced alluvium of the Chappo Member. 



CHAPTER VII 

PETROLEUM GEOLOGY 

Introduction 

The occurrence of oil in southwestern Wyoming was first noted over a 

century and a half ago. Many of the early trappers and fur traders knew the 

location of various oil springs in the region and visited them in their annual 

trapping tours (Schultz, 1907). It was not until the summer of 1907 that oil 

springs four miles east of La Barge ridge (section 34, T.27N., R.113w) were 

reported along Spring Creek (Figure 1 0). At this location, oil seeped through 

crevices in Tertiary rocks and an artificial pit six feet deep near the center of a 

drain had sufficient seepage to supply local residents with oil for some time 

(Schultz, 1907). 

During the summer of 1924 the first well was drilled, resulting in the 

establishment of the La Barge field (well D703). The discovery was located on 

a surficial anticline where multiple oil bearing Tertiary sands between six 

hundred and twelve hundred feet deep were encountered. The trapping 

mechanism was found to be both structural and stratigraphic. This discovery 

launched a four year cable-tool boom at Tulsa, Wyoming, later renamed La 

Barge (McDonald, 1973). According to Krueger (1955), this was the first field in 

the Rocky Mountains to produce commercial quantities of oil and gas from 

reservoirs of Tertiary (Paleocene) age. In July of 1928, the north end of the La 

Barge structure was successfully tested and most of the field's present limits 
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were established. General characteristics of the Hoback reservoir at La Barge 

are given in Table IV. 

FORMATION------------------------------------HOBACK-TERTIARY 
LITHOLOGY -------------------------------------SANDSTONE 
AVERAGE PO ROS lTV------------------------26% 
PERMEABILITY ---------------------------------230-450 md 
AVERAGE PAY THICKNESS---------------15 FEET 
INITIAL PRESSURE ---------------------------385 psi 
DRIVE MECHANISM-------------------------GAS SOLUTION 
Rw--------------------------------------------------0. 76-0.98 AT 70 degrees F 
API GRAVITY ------------------------------------17-42 degrees API 
POUR POINT ------------------------------------5 degrees F 
SULPHER CONTENT-------------------------0.04-0.12% 
CONTINUITY OF RESERVOIR-------------DISCONTINUOUS CHANNELS 
PRIMARY TRAP TYPES----------------------ANTICLINAL AND STAAT. 

Table IV. Hoback reservoir characteristics in the La Barge Field 

Initial production revealed four distinct producing sands, which were 

tentatively referred to as the yellow, green, red and blue sands, with the blue 

sand being the basal unit. More detailed work called for a renaming of the 

producing sands to Almy 1, 2, 3, 4, and lower 4 with the lower Almy 4 being the 

basal sand (Figure 3). The lower 4 sand pinches out along the eastern flank of 

the La Barge anticline and therefore is not present in the western half of the 

field. Due to the discontinued use of the term Almy Formation in this area, the 

producing sands are referred to from base to top as: TH-1, TH-2, TH-3, TH-4, 

and TH-5, with the abbreviations referring to Tertiary Hoback Formation. 
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Possible Source And Migration Path 

Source 

Elrod (1987), conducted a geochemical analysis of seven oil samples from 

various wells in Wyoming (Table V). Three of these were from the Hoback 

reservoir at La Barge. The purpose was to compare compositions of these 

samples to determine if they are genetically related. This analysis indicated that 

the Hoback oils (B-001, B-002 and B-003) exhibited slightly higher proportions 

of resins and aromatics, and lower quantities of paraffin-naphthenes than the 

other Wyoming oils. In addition, it was noted that the Hoback oils contained 

less light end material than the other samples, as evidenced by higher Cg+ 

recoveries (Figure 37). These observations are consistent with observed 

heavier (27° - 30°) API gravities of the Hoback oils (Table V). In addition, oil 

chromatography of the Hoback samples conducted by Elrod revealed an 

absence of light compounds. 

Satnple Well Sample Reaarvoir API 
Number Name Identification Formation Gravity 

B•O(Jl La Barqe :ttl central l'ank Hoback 27.Sa 
Battery 

B·002 La Barqe ~2 Steam.flood Hoback 27.3° 
Battery 

B•003 La Barqe :13 27•27N-ll3W Hoback J0.4° 

B•004 La Barqe :lt4 3·26N•ll3W Mesaverde 4s.e• 

B-005 Ch•vrcn 3l-33C 33-37N-ll4W Mission 41.9° 
Cabin Creek Canyon 

B-006 SUn Lucky 01 tc:h Dakota 37.5° 
Federal B-4 Sand 

B-007 Dome #l-13 32-Tl3N-R.ll4W Frontier Ja.e• 
Biller l!'ede.r.&l 

Table V. Identification and API gravity of oil samples (modified from Elrod, 1987) 
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Figure 37. (1 of 2) 
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Asphaltenes 
1.1% 

Aromatics 
9.6% 



DOME 11•131.HILLER FED. 
FRONnER 

EPTD 18138·007 

Figure 37. (2 of 2) Group analysis of the seven samples listed in Table V 
(Eirrod, 1987) 

98 

The Hoback, Mesaverde and Mission Canyon samples revealed high 

pristane/ phytane ratios and elevated waxy paraffin distributions. These factors 

indicate sediment typically associated with peat swamps, where waxy cuticles 

of higher land plants provide abundant organic matter (Elrod, 1987). The data 

also suggested the same or similar source for these oils. The Dakota and 

Frontier oils display much lower pristane/phytane ratios and slightly less 

waxiness, suggesting a more marine setting with less terrestrial influence 

(Elrod, 1987). 

Hopane and sterane biomarker distributions for the Hoback and Mesaverde 

samples are essentially identical, confirming that the oils are sourced from the 

same terrestrial organic matter (Elrod, 1987). Biomarker distributions from the 

Mission Canyon oil were slightly different, while the Dakota and Frontier 

samples were extremely different, indicating different organic matter sources for 

these samples (Elrod, 1987). These biomarker distributions indicate a much 

higher quantity of marine-sourced organic matter. 
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The Upper Cretaceous Hilliard and Mesaverde formations meet the 

conditions described for the source material of the Hoback and Mesaverde oils. 

Both formations contains marginal marine to non-marine facies with abundant 

terrestrial plant material. The Upper Hilliard and the entire Mesaverde 

Formation contain abundant coal and carbonaceous shale units. 

Migration Path 

Faulting of the Mesaverde and Upper Hilliard by the Calpet and Hilliard 

thrust faults provided maturation and subsequent migration for the Hoback and 

Mesaverde oil. These faults and their auxiliary faults and fractures provided 

migration paths to the Hoback and Mesaverde formations as well as the surface 

(Figure 38). The oil springs described by Schultz (1914) lie just east of the trace 

of the Hilliard fault, where oil has made its way to the surface through migration 

paths in the younger Tertiary strata (Figure 1 0). 
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Calpet Thrust 

Figure 38. Hydrocarbon migration paths of Hoback oil. Large shaded arrows 
represent migration conduits along major faults and fold
associated fractures 

Trapping Mechanisms 

The Hoback reservoir contains both structural and stratigraphic traps. 

Structural traps include compressional anticline and thrust fault accumulations. 

Stratigraphic traps include up dip facies change and up dip pinchout traps. 

Structural Traps 

The La Barge platform (anticline) is a compressional feature formed by the 

eastward compression of the overthrust belt. Hoback sands with good lateral 

continuity on the crest of the structure can be contained by compressional 

anticline traps. This is probably the second most common trap type of the 
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Hoback sands, but complete structural closure is probably rare due to the highly 

variable nature of these sands. 

The second structural trap type is thrust fault traps formed by the Hilliard and 

its auxiliary faults. This occurs in the western part of the study area where thrust 

repeat sections of the Hoback formation are oil productive. This trapping type is 

uncommon, but does exist at La Barge. 

Stratigraphic Traps 

Although these traps are primarily stratigraphic, they have been influenced 

by tectonic forces and should probably be referred to as combination traps. The 

most common trap type within the Hoback Formation is updip facies change. 

Updip facies changes are the result of the highly dynamic depositional 

nature of the Hoback formation. Rapidly changing facies produce lateral and 

vertical permeability barriers which resulted in complex hydrocarbon traps. This 

is the most common trapping type at La Barge and will be mentioned later. 

Updip pinchouts comprise the final major trapping mechanism found in the 

Hoback reservoir. This is the trapping mechanism found in the TH-1 interval 

and the lower TH-2 sand on the eastern flank of the La Barge platform. 

Cumulative Production Map 

Since the begining of production in 1924, the Hoback reservoir has 

produced 22,051,811 BO and 425,604 MCF of gas (National Production 

Service/Industry Production as of 6/1/91 ). Cumulative production within the La 

Barge field is shown in Plate XVIII. Most of the production within the La Barge 

field is commingled, therefore production data for each interval were not 

available. Wells were color coded according to their completion date in order to 
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clarify their cumulative production value. Areas with production values greater 

than 250,000 barrels were shaded to aid in interpretation of the map. Initial 

production of oil and water is also posted. The distribution of major production 

exhibits an interesting linear trend. The largest concentration of wells with 

cumulative production values of 250,000 barrels or more is located along a 

north-south trend on the west flank of the structure (Plate XVIII). This area very 

closely mimics the subsurface trend of the Hilliard thrust, which supports the 

assumption that this fault and its related fracturing was the major migration path 

of Hoback oil. 

Possible Reservoir Communication Problems 

Several reports have been written on enhanced oil recovery (EOR) 

techniques conducted on the Hoback reservoir and their relative success. 

Some of the authors include: Moreland (1968), Ulrich, (1976), O'Hare and 

Ulrich, (1976), Baker, (1977), Koehler, (1977), Hefta and Larson, (1978), and 

Wendte (1989). Most of these authors agree that there is a reservoir 

communication problem within individual sands; they attribute this to faulting of 

the Hoback Formation. The writer proposes that the reservoir segmentation is a 

function of the depositional nature of these sands and not an overwhelming 

imbricate structure as proposed by some. Well logs and seismic data do not 

support any of the faults documented by Hefta and Larson (1978). Additional 

evidence opposing fault segmentation of the reservoir comes from an API 

gravity trend study of the north half of the field. Lindsey, (1945) reported a 

distinctive gravitational separation of oil within each of the individual sand 

bodies. This gravitational separation of oil within individual sands suggests that 

faulting did not penetrate the producing sands. If fault zones were present 
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within the Hoback sands, the oil from the various sands would have migrated 

along some of these zones and intermingled, resulting in an overall vertical 

gravitational separation of the formation (Lindsey, 1945). This separation has 

not occurred, and in fact the lowest gravity oils are found in the highest 

producing sand (Lindsey, 1945). 

Well log data does support highly variable sedimentation as noted in the 

previous Chapter. The nature of a braided river and its low bank stability results 

in a highly mobile channel system prone to lateral shifting and downcutting. 

This results in sheet sands composed of many irregular-shaped subfacies 

deposits. Lateral and vertical permeability and porosity barriers associated with 

some of these subfacies prevent homogeneity of individual sands, which results 

in a highly complex segmentation of the reservoir. Clay drapes on cross

bedding of the various bar subfacies act as micro permeability barriers (Figure 

23}, which could either impede, stop, or divert horizontal fluid movement. These 

phenomena result in the combined effect of limiting reservoir continuity in what 

appears to be homogenous laterally continuous sheet sands. In order to 

unravel the complex nature of this reservoir, additional facies analysis of the 

existing unslabbed cores should be conducted. This would assist in 

determining typical electric log trends as well as lateral and vertical porosity and 

permeability associated with individual subfacies. Using these data, net sand 

maps of individual sand bodies could be subdivided according to their electrical 

log signature, thereby revealing areas of possible reservoir 

compartmentalization. This type of analysis would lead to the most accurate 

delineation of the Hoback reservoir. 



CHAPTER VIII 

SUMMARY AND CONCLUSIONS 

Detailed analysis of the Paleocene Hoback Formation in La Barge 

field provided a number of conclusions. 

The depositional environment of the Hoback Formation was found 

to be that of a sand dominated braided river. Although palynology 

conducted on the Hoback Formation proved to be inconclusive, the 

age was determined to be Middle to Late Paleocene. This age range 

was established from previous palynology and mammalian fossil 

studies. In studying the Paleocene producing sands at La Barge a 

consistent stratigraphic nomenclature of the Early Tertiary here 

was proposed based on age, province and depositional nature. 

The tectonic influences on the reservoir seemed to be very 

important in providing a structure for accumulation, as well as 

providing maturation and a subsequent migration path for 

hydrocarbons into the Hoback Formation. Although this region is 

structurally complex, the Hoback intervals themselves were found to 

be fairly consistent across the field and were not segmented by 

faulting. 

Subsurface stratigraphy revealed these continuous intervals 

were composed of a variety of subfacies that produce a very complex 

geometry. Many interconnecting channels and their related side and 
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inter-channel deposits were revealed. This highly dynamic alluvial 

system was found to be the cause of reservoir segmentation within 

the field. Channel and bank instability of the braided river resulted 

in sheet sand deposition composed of a variety of discontinuous 

subfacies, some of which acted as permeability barriers. 

Based on net sand maps, a generalized paleoenvironment 

interpretation was constructed. These data suggested a 

northeasterly source for the majority of the Hoback sands. Sediment 

composition, size and shape revealed a relatively close igneous and 

metamorphic source. The only structural feature capable of 

producing this type of material at this time was the near by Wind 

River Uplift. 

Finally, cumulative production data revealed a concentration of 

high production along the west flank of the structure. This area 

closely corresponds to the subsurface trace of the Hilliard thrust, 

suggesting that migration and charging of the Hoback Formation may 

have occurred along this fault surface. 
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.RF EL OW TOP OF BASE OF 

~~~~s 
TH-1 NET I OF TH-1 T;::PEOF ,';!~CENT 

Nome TH-1 TH-1 TOP SAND SANDS 

!3 6771 IKB 172! 1800 ~6 75 75 ~ 
!4 6765 IKB 20i 2225 498ll ~ 101 2. 68.24 

·30·2 6T IKB 205! 2120 _!)'1, 65 ~ ~ 
·31·2 6750 IKB 201( 2075 4740 65 34 ~ 

T-33·2 6755 IKB _?13! 2280 4620 102 2, ~ 
A2 6937 IGL 

3AX 68ICl IKB 
12 686! IKB 

'13 6870 IKB 
14 685! IKB 

15 68&1 IKB 
116 685! II<B 

A17 683ll IKB 

18 6839 IKB 
Ala 6824 IKB 
,20 6837 IKB 

A2 6826 IKB 

A22 6925 IKB 
,2: 6901 IKB 

A24 6891 IKB 
,25 6876 IKB 
,26 6847 IKB 
A503X 67~ IKB 

'603X 681 IKB 
181 6879 IKB 
18103 6816 IKB 

B203X 6803 IKB 
IB3C 3X 6791 IKB 
:B303Y 6796 IKB 
IB303Z 6794 IKB 
[8.403X 6801 IKB 

IB403Y G8C IKB 

'B403Z 6821 IKB 
B503W 6806 IKB 

8503Y 682E IKB 

BS03Z 683! IKB 
B603W 6841 IKB 

'B603X ~ IKB 
B603V 6834 IKB 

IB703X 681 IKB 

IC403X ~ lf<B 
lc6o3X 68111 IKB 
ID103X 6824 IKB 

ID203X 6831 IKB 

ID303X 6851 IKB 
ID303V 68&1 IKB 

ID403X 69Z :IKB 

ID403V 611!W ·IKB 
0503W f82l IKB 

IOS03X -,fKB 

ID503V -IKB 
I0603X 61121 IKB 

I0603Y 680( ~KB 

IE403 7031 ·IKB 
ES03 -IKB 

IF203X 

6971 ·IKB 
6111 •!KB 
6941 IKB 

F203Y 6924 IKB 
F303X 7043 IKB 
F403X 7049 IKB 

F403V 19~9 IKB 
IF503W 6992 IKB 

~ 
6964 IKB 
6951 IKB 

F603W 6900 IKB 
F603X 6g() IKB 

GS03X 6942 IKB 

G503Y 6934 

G603X sag; 
~503X 6911 

J503Y 690 

unitS 7!)24 
678E IKB 181 1930 ~~ _1! 85.84 
681: IRT 1462 ~1 _5351 __!Q9 ~ IC ).00 

19·T·3 681· IKB 18_7( 1!161 4944 91 81 ~ 
r-22·3 . 67114 IKB \924 2032 4860 108 9E ~ 
-23·3 sn1 IKB 1725 1800 5046 ~ 7E ~ 

. r-34·3 675: IKB 16611 1880 ~85 ~2 104 ~~ 
14-A 6861 IKB 

1·C·4 681111 IKB 

I2·C·4 sn IKB 

I3·C·4 -1 IKB 
14-C-4 691 IKB 

8861 IGL 

1·4 6878 IKB 

134 6867 11!11 
142 6875 IKB 

15 61124 IKB 

IS 61101! IKB 

139 6931 IKB 



143 
RF EL OW TOP OF BASE OF <.;UHH .. CI~U ISOPACH TK-1 NET 1 OF TH-1 SHAPE OF PERCENT 

IN-• TK-1 SAND TK-1 SAND TOP ELEV. THICKNESS SAND SANDS TK-1 SANOS TK-1 SAND 

183 6911 ·IKB 
(1F·X 6811 I(KB 

6824 IKB 
20 679< ·IKB 171 180E 5011: 9! 7! -ili!li 

·49-10 676< ,(KB 178< ,ag, 498( iti 9l 86.41 
IT-50·10 676< IKB 1851 186< 4011 03 620.0< 
11_ ~ IKB 1401 147B 5554 7C 1B -25.71 

(38 7001 IKB 1641 170-1 5364 5\l SIL 
(39 7161 I (50 72111 
C327 6V5( 

IC327Z 6V31 KB 
022 6V41 K8 

06 Gil' KB 1362 ~~ 5555 To:! SIL 
IE2: 6811: i IG4 6911 
(G6 689: 
IH2 692: IKB 
(Js: 69ll7 IK8 
(J527Z 6899 IK8 

127X 6V18 IKB 

~~~.?.~. 6000 K8 

IM12i/'''''''=··· 
6887 IKB 
6878 IK8 

IM127Y 6879 KB 
IM227X 6866 IK8 
IM327 6875 IK8 

IM627Y 6878 IK8 

l9_8·j!7 7053 K8 165C 1700 5403 59 •• . 74.58 

T·15 7063 IKB 1946 2033 51 '87 31 43S8 

IT·I6A·27 GV75 IK8 
1·16 6940 K8 

7042 IK8 
IT-18 6992 IKB 

T·24 6939 IK8 196(; 2005 4971 45 3: 82.22 

r-32·27 6894 IKB 190(1 1995 4osi. 95 -8! R9,4: 

61132 IK8 
6928 IK8 
6861 IK8 lUI ugg 54tl 51 35.29 

14 692C IK8 
!2 701. IK8 1873 191 514! 40 35 87!0 
72·27 691' IK8 1673 tnc s2.i4 g; 42 "'30 
94·2' 691' IKB 191 196< ...,.,. 52 40 .,, ... , 
00·27 701: IK8 2083 2178 4929 95 RO 84.21 

G028 6948 IKB 
G028X 6V23 IKB 
L928 6902 IES 

8·2 6Qg() IK8 
6874 IKB 
6854 IKB 

6-28 7008 IK8 
I·C·33 7036 IDF 

I·C·33 7033 IKB 
I·C·33 6g()7 IK8 
I·C·33 6M3 IKB 

!-33 685C IKB 
4-33 6854 <8 

6023 IK8 
17 6918 IKB 
48 6905 IK8 

IA234X 6853 ·IK8 
6829 ES 

IA734Y 684sJKB 

.. :;l~= (8334 
18534 6811 KB 
IB534X 682: :(KB 
(8634 6831 IKB 
IC534X 683: IKB 
0134 6881 IOF 

ID134X 6811' IKB 
0434 694: IGL 

ID434X 6851 (K8 

10734 683< IGL 
0834 6821 K8 984 NDE 584~ Nm NDE 

(E534X 6851 IK8 
IE634 680< IK8 
IF234 685( IKB 
IF434X 6831 K8 
(F434Y 685( IK8 
IF534X 6834 IK8 

IG634X 6621 IK8 
IG834X 681: IK8 
IH334 6841 IKB 
(H434X S818 K8 

'534V 6811 IKB 
(H534W 6818 IKB 

I~W 6812 IK8 
(H634X 681C IK8 
J434 6823 IGL 
J834 6800 IK8 
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Corrected RF EL OW TOP OF BASE OF CORRECTED ISOPACH Tli-1 NET I OF TH-1 SHAPE OF PERCENT 
Nam• TH-1 SAND TH-1 SAND TOP ELEV. THICKNESS SAND SANDS TH-1 SANDS TH-1 SAND 
K434 6827IKB 
K434X 6825 KB 
K534 6810 EL 
K534X 6816IKB 
K634W 6806 KB 
K634X 67119 KB 
K734X snv KB 
K834 &n2 OF NOE NOE NOE NOE NDE 
l.).f.~~t~~~~~t:~~~~) 67VG KB 
L634X 67~ KB 
M234X 6813 KB 
M334 6811 KB 
M334X 6806 KB 
M434Y 67VV KB 

~~1t.:m:~t:~:::m:: 6785 KB 
M534X 6789 KB 
M634W 6780 KB 
M634X 6nQ KB 
M734X sng KB 
M734Y 6nQ KB 
M734Z sna KB 
PI 67!11 KB 

P3 67911 KB 
PS 6813 KB 
Til 6847 KB 
T12 683a KB 
Tl3 6861 KB 
Tl4 6838 KB 
TPII 6844 KB 
TPS 6843 KB 
2·0 6870 KB 
unit50 6833 KB 
12 6867 KB 
13 6850 KB 
15 6824 KB 1216 1315 5608 99 94 1 1 94.95 
17 6800 KB 1076 1155 5724 79 69 1 1 87.34 
T-14-34 6826 KB 1760 1853 5066 93 83 1 1 89.25 

21 6828 KB 1885 1981 4i43 96 901 1 1 93.75 
T-60·34 6810 KB 1578 1710 5232 132 97 2 11 73.48 
T·61·34 67Q2 KB "76 1608 5316 132 119 1 1 90.15 
T-62·34 6764 KB 1567 1686 5197 11Q 102 1 1 85.71 

90·34 6807 KB 1658 1n1 5149 113 110 1 1 97.35 
T·26·35 67i5 KB 1933 1994 4862 61 55 1 1 90.16 

T·27·35 6861 KB 1985 2061 4876 76 57 1 1 75.00 

T-28·35 6782 KB 1934 1985 4848 51 50 1 1 98.04 

T·3i·35 6no KB 1920 1984 4850 64 36 2 1 56.25 
52·35 6782 KB 1810 1925 4972 115 100 1 11 86.96 

AVERAGES 89.97 72.351 1.30 92.13 
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.RFEL DW TOP OF BASE OF ~unn~~•"'u ISOPACH T NET IOFTH-2 SHAPE OF PERCENT 

Nome TH-2 TH-2 SAND TOP SAND SANDS TH-2SANDS TH-2SAND 
!3 _m1iKB ~ 172! 5187 U1 lOS ! 1,3, 76.60 
!4 6765 IK8 11150 2071 481! 127 8E 1, _67.]1, 
T·30·2 6773 IKB 1933 205!l <UWO 12:1 n .2. 59.02 

1·2 6750 IKB 1ell7 2010 4853 113 52 46.02 
·33·2 --~ ltm 19116 213! 47511 13G 7~ 53.24 

A2 61137 !GI. 1104 NDE 583l NDE >10<NDEI 
lAX 6880 IK8 930 1000 5950 110 135 3. 122.73 

12 6865 IKB ~0 1123 5925 183 123 67,21 
13 6870 IK8 1254 5760 1~ 12' 80.03 

•1_-4 S855 IK8 127 1253 5728 156 136 .2, _87~ 

•15 ~· ltm 150 NDE 5731 NDE >38(N0El 
16 6855 IK8 1054 1190 5801 136 57.35 

6839 IK8 1081 1250 5758 169 so 35.50 
d8 -68311 [1(8 19?_e 1220 5761 142 59 41.55 
•19 6824 IK8 1089 1236 5735 147 1C 72.79 

A20 68: IK8 1250 57a7 150 55 2, 36.67 
A21 6826 IKB 1249 570 !32 65 49.24 
A22 6925 IKB 151 127' 5774 120 e2 68.33 
12: 61101 IK8 197 1262 5704 65 45 69.23 
A24 6891 IK8 187 1265 5704 7~ H 2. 60.26 
A25 6876 IK8 185 la14 5691 129 _114 68.37 
\26 6847 IK8 1a3 L263 571- 130 76 1,2, ~'~ 

A503X 6784 IK8 625 NDE 6159 NOE >871NDEl 4, 
A603X 681 IK8 993 NDE _581 NDE >R3!~El 
81 6879 <8 101 1183 5865 169 138 1,1, e1.66 
8103 .§1!11 IK8 987 NOE 5829 NOE >40<NDEl 
B203X 6803 IK8 924 NDE 5879 NDE NOE 
B303X 6797 IKB NOE NDE NDE NDE NOE 
B301Y 67116 IKB 62a 890 5973 67 59 1, 68.06 
B303Z sm IKB 81 NOE 5983 NOE >431NDEI 
B40aX 6801 IKB NOE NOE NOE NDE N_DE 
B403Y 6803 IKB 72a 858 608C 135 36 26.67 

IB403Z 6821 (8 700 798 6121 98 32 32.65 
IB503W 6806 IKB B1• 907 599E 97 51 52.58 
IB503Y 6826 IKB 81 NDE 6001 NDE >a31NDEI 
IB503Z 6835 IKB 687 1001 5948 a: 25.95 
IB603W 6847 IKB 980 1145 5867 165 103 1,1, 62.42 
IB6oax 6880 IK8 1_11_48 NDE 5812 NDE >107(N0El 1, 
B60aY 6834 IKB 1031 NDE 5803 I!_DE >41!NDEI 
671 681' IKB 1050 NDE 57611 NOE NDE 
C403X _l;llli7 IK8 _681 1030 5976 1411 71 47.65 
C603X 6865 IK8 1042 171 5846 129 95 2, 73.64 
l103X 6824 IK8 985 NDE 58311 NDE NDE 

0203X 6831 IKB 91: 973 5918 60 43 71.1> 
0303X 6859 IK8 822 NOE 60a7 NDE NOE 
l303Y 6883 IKB 007 858 §976 51 aa 62.75 

0403X 61122 IKB 780 NOE 6142 NDE >a7(NDEJ 
0403Y 69511 IK8 _825 e67 6131 42 34 ~ 

10503Y 

6827 IK8 91: NDE 6015 NDE >1221NDEI 
6966 IKB 900 972 6066 72 ~6 63.e9 
~ IK8 -91 117e 6039 61 46 _1M! 

0603X 6926 (8 993 NOE 59a3 NDE >a51NDEI 
0603Y 6900 IKB 1049 1200 5851 151 126 83.44 
E403 .1!1:ll! (8 ~76 923 6162 51 a: ~ 
ES03 6964 (8 950 1072 601• 122 63 2,4, 51.64 
E503X 6976 IK8 933 060 604a 127 6~ 1 so.a9 

IE603X 691: IKB 952 100 5960 148 9S 2, ,2, 66.89 
[F2~X 6941 IK8 986 NDE . 5955 NDE ·321NDEI 
F203Y .6~24 IKB _1037 1093 58e7 56 4~ ~ 
F303X 7043 IKB 93: NOE 6106 NDE >421NDE1 
F403X 7049 [~8 ~0 924 6179 54 43 79.63 
F403Y 7039 IK8 860 911 61711 58 ac 51.72 
Fso~_w. 6992 IKB 930 052 .6062 122 7l 2. 59.80 
F503X 6964 (8 ega NOE 6072 NDE >54(NDEJ 
F503Y 6951 IK8 1!25 1044 6026 119 94 2, 7e.99 
F603W 6900 IKB 104C 198 5860 158 U4 .2. 91.14 
IF603X 611011 IKB 1044 1200 5862 156 134 85.90 
IGsoax 6942 IKB 91• 1020 6032 110 e8 _80~00 

IG503Y 6934 IK8 900 1020 6034 120 86 2. 71.67 
G603X 68gg IKB gg; 5902 180 156 ,2. 66.67 
HS03X 6911 IK8 928 1066 51182 138 123 89. 
J503Y 611011 IK8 BOO 100; 6068 167 101 2,2. 60.48 
uni15 7024 <B _l!§ll 1111 6156 48 aa 68.75 

678E <8 1686 181 5100 131 63 48.09 
681: IRT 1a30 146:1 5483 13:! 90 68. 

10·T·3 681· IK8 174' 1870 507a 129 76 58.Q1 
·22·3 .§7114 IKB 179a 11124 411111 1a1 71 1, _54~ 

T-23·3 6771 IKB 158! 1725 51 liE 140 100 1. 71.43 
-34·3 675: IKB 1554 -1668 51gjl 114 64 56. 
·A 6861 (8 gee 1370 55111 90 65 1. 72.22 

1·C·4 6898 IK8 NDE NOE NOE NDE NDE 
2·C·4 6Q11 IKB _@E NOE NOE NDE NDE 
3-C·4 6941 IKB NDE NDE NOE NDE NDE 
4·C·4 691' IKB NDE NDE NDE NDE NDE 

6861 IGL 1502 1644 535Q 142 eo 56.34 
! 1·4 6878 IKB _!m 1860 5135 32 27.35 
34 6867 IKB 17a~ 1830 5133 96 71 2, ~ 
12 6875 IKB 1730 1820 sus 90 77 1, 85.56 
IS 6924 IKB ~ 1961 5034 71 a; 52. 
15 611011 IKB 190C 1995 50 95 81 1. 85.26 
39 69a1 IKB 193! 2003 4993 65 __!li1 
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,RF EL DW TOP OF BASE OF 

TOP ELEV. ,.::~::Ce:s 
mz NET • OF 1l1·2 SHAPE OF PERCENT 

Nome mz mz SAND SANDS TH-~ s,.n.,., 111-2 
13 Gil& IKB 1824 2005 411G:l 81 38 2 1 48.15 
1F·l 6811 IKB ·- 1382-F 572! 288-F 11111-

6824 IKB _NO!: NOE NOE NOE NOE 
20 6713 IKB 148! 1711·F ~ 216-F 142·F 10 
r-48-to 6763 IKB 165j 1783 51011 129 ~ 65. 
r-so-to 6787 IKB 171: 1851 505( 134 76 2. 56.72 
18 -IKB 1331 140 5631 62 2. 80.52 
18 70011 IKB 154: 1_645 5466 102 54 52.84 
18 7168 IKB 2020 2130 5U6 110 74 1, 67.27 
so 7280 IKB 22n 2362 5013 85 46 1. 54.12 
l321 6i50 IKB 138 1235 581' 96 72 1. 75.00 

C327Z 6i36 IKB 1156 NOE 5780 NOE >61!NOE1 1, 
0227 6848 IKB 1165 1270 5784 105 85 1. 80.9!i 
0621 Gil' IKB 1223 1362 5684 1311 71 1. 51.08 
E227Y 6882 IKB NDE NOE NOE NOE NOE 
G427 6911 IKB 1000 1047 5918 41 38 80.85 
G627 68113 IKB 1033 1163 5660 130 85 65.36 
H221 6923 IKB 1065 111: 5858 so 18.00 
J527X __ 61107 IKB _MQE NOE NOE NOE NDE 
J527Z 6881 IKB 850 NDE 6048 NOE NQE 
.127l 6811 IKB 1078 1242 5840 164 79 48.11 
1.227 6800 IKB !047 1148 5853 102 90 68.24 

6887 IKB 872 1075 5915 103 65 63.11 
1127X 6878 IKB 154 1204 5724 so 41 ll:t.Qil 

M127Y 6878 IKB 1058 1121 5821 68 61 89.71 
M227X 686E IKB 1100 1183 5766 83 58 71.08 
M327 6875 IKB 961 _1060 591· 911 81 ~U12 
M627Y 6878 IKB 854 990 6024 136 94 69.12 
98·27 7053 IKB 1558 1650 _5485 92 39 42.39 

l_j_ 7063 IKB !_lll!5 1946 5238 121 65 _!!~.72 
16A·27 6875 IKB 1653 1798 5322 145 104 71.72 
16 -IKB 1450 1~ 5480 134 g; 72.311 
17 7042 IKB 2043 2t72 4981 129 911 76.74 
18 &lle2 IKB 1988 2132 5004 144 98 1,2, _§ll_.!l§ 

r-24 6838 KB 1853 1960 SC8E 107 41 43.83 
·32·2' 6884 KB 1711 1g()Q 5103 108 .. 2. 40.37 

683:1 KB 1070 1185 5862 115 73 63.48 
6i28 KB 105 1113 5823 81! 63 71.511 

11 6881 KB 134< 1448 551· 101 3! 34.65 
14 _6820 KB _984 1115 51136 131 98 _Z!.M 
22 70U IKB 1741 1873 520 132 78.03 
72·21 an; IKB 15114 1673 5353 108 66 60.55 
84·27 6810 IKB _11IC!ll 1816 5112 110 24 21.82 
88·27 

&V23La 
2062 2178 4DSO 116 87 75.00 

G828 1102 1140 51141 38 25 65.78 
G828X 1040 1125 5883 85 74 3. 87.06 
1.821 6802 IES 1268 1310 ss: 41 30 ~ 
8·2 6i8C IKB 1148 1264 ~· 115 4: 36.52 

6874 IKB ~ 1226 ~~ 97 67 69.07 
6i54 KB 1078 1185 5876 86 73.50 

6-28 7006 KB 1317 1380 5881 63 10 15.87 
I·C·33 7036 OF El FC FC FC FC 

B1·C·33 7033 KB FO FO FO FC FO 
I·C·33 61107 KB NOE NOE NOE NOE NOE 
3·C·33 6883 <B ~ NOE 5483 NOE >37(NDE1 
2-33 6850 KB 1700 1803 515C 103 45 2, 43.68 
4-_3~ 6854 <B _t_ru 1796 516< 102 61 2. 59.80 
10 6823 ! 1581 1674 5336 87 41 47. 

sau FO FC FC FC FC 
18 61105 1362 1486 5543 124 90 1. 72.58 

~~ 6853 KB 986 5867 128 81 I, 1;2.78 
6828 les 730 848 60111 81 73.73 

~-~(!!'!:, 6845 IIKB 8211 NOE 602! NDE o7INDEI 

=i 1010 138 ~· 128 114 1,3, 89.06 
8334 684 NDE 615! NDE >51CNDE1 1,1, 
85M_ 6818 <B 65< 765 61~ 108 92 85.19 
B534X 6823 KB 61;4 765 6151 80 1, 79.21 
8634 6831 Bi: 724 827 6101 103 99 96.12 
C534X 6832 6113 780 6138 87 64 73.56 

134 68&1 OF 1156 1250 5732 84 34 2,: ~ 
)134X 68114 KB IOSC 110 ~4 so 41 82.00 

0434 6843 GL ~ 851 6180 98 38 311.80 
D434X 6851 KB 748 804 6102 58 40 72.73 

734 6837 GL 726 NOE 61' NOE >19(NOEI 1. 
0834 6821 

i 853 51173 131!E·NDEI 75!E·NDE1 1, 
ES34X 6851 NOE NDE NDE NOE NDE 
E634 6807 671 J§l 6130 84 51 60.71 

685C KB 113< 1277 5720 14< 84 2,2, 57.14 
6836 Bi: 821 864 601! 43 30 68.n 
685C 95E 1040 5894 ~ 51 60.71 
6134 KB 740 800 6094 60 38 6<·.33 

; Bi: 742 858 6084 "' 81 71.611 
802 VIi _§91 m 104 92.04 

<B 1083 1186 5764 113 61 53.86 
H434X 6811 KB 880 924(E·NOEI 51138 441E·NDEI 18(E·NOE1 
HS34V 6811 KB 744 830 6061 BE 21 _2~ 
H534W 6811 <B 744 NOE 6074 NilE NOE 
H634W 6811 <B m 811 6088 88 54 1.2. 61.36 
H634X 681C KB 734 843(E·NOEI 6076 1091E·NDE1 99(E·NOEI 
J434 682~ GL 923 1001 5900 85 21 .. ~ 
J834 680C KB 868 ~91 5932 123 84 1. 68.2!! 
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Corroclod • RF EL OW TOP OF BASE OF •vnn~~'~" ISOPACH T~Z NET •OFTH-2 r~:=!:;s 
PERCENT 

Nome T~2 ~2 TOP SANDS ~ZSAND 

K~34 6827!KB NDE NDE NDE NDE NOE 
K434X 6825 !KB _1197 NOE 5928 NOE NDE 
K534 6810 IEL aoo NOE 6010 NDE >301NOE) 
(534X 6811 iKB NDE NOE NOE NDE NOE 
K634W 6806 iKB _151 NDE 6055 NDE >7~NDE) 
K634X 6799 IKB 790 &30 eoog 140 108 '.14 
K734X 61 IKB ega NDE 5381 NDE >66(NDE) 
1(~3_4_ 6772 OF 902 1 OSOIE·NDEI 5870 148(E-NDE) 12B{E·NDE) 

:::::. 6796 IKB 721 NDE 6075 NOE >I IlNDE) 
L63o4X 6784 IKB 740 _857 6044 93 2. 79.(g 
M234X 681: IKB _tot: NDE 5796 NDE >28{NDE' 
M334 681 IKB NDE NDE NDE N[)E; NDE 
M334X 680 IKB gJ2 NDE 5874 NDE >15<NDEl I 
M:':l4:V 6711i1 IKB 820 NOE 597g NOE >201NDE) NDE 

·'·" 6785 IKB 815 NDE 5970 NDE 

~ 
.·:· 

M534x 678; IKB 768 NDE 6021 NDE 
M634W 6780 IKB '30 .. 875 6050 145 90 62.07 
M634X sng IKB 753 855 6026 102 s; 57.8A 
M734X 577; IKB 870 1007 59Qg 137 38 27.74 
M734Y sn; IKB ~0 NOE 5839 NDE >S(NDEJ 
M734Z 6779 IKB gz) NDE 585: NDE >SS{NDE) '· 67g1 IKB NDE NDE NDE NDE NDE 
P3 67911 IKB NDE NDE NDE NDE NDE 
PS 681 IKB NDE NDE NDE NDE NDE 

6840 IKB 1035 1100 581l 65 48 73.65 
rl2 683& IKB _938 1JJ! 1 5901 73 6< 91.78 
Tl3 6861 IKB 1034 1084 5827 50 41 l!:1,(l(l 
rl4 6838 IKB 933 1010 5905 77 45 58.<-1 
rP1 6844 IKB _ill 1062 58&<; 84 sc 59.52 

!TPS 6843 IKB 1004 1113 5839 46 'l!-?C 
.2:~ 6870 IKB 1000 1101 5870 1j)1 22. 
:uniiSI 6833 IKB 668 250 6165 82 _7l 87.80 
12 6867 IKB 1200 1320 5661 120 38 31.6< 
3 6850 IKB 11111 1250 5653 5J .. •.36 

15 6824 IK~ 1Qg9 1216 572! 6! 58.12 
17 6800 <B 970 1076 583( 106 6e 64.15 

14-34 6826 IKB 1621 1760 519~ 133 61 2, 45.86 
68211 <B 176C 1885 5068 125 6e 54.40 

IT-60-34 6810 <B 1463 1578 5347 4! 39.13 
r-61-34 67gl tgl 1351 1476 5441 125 7! 1. 60.00 

iT-62-34 6784 KB 1475 1567 5289 92 &<; 71]! 
,90-3.!_ 6807 KB 1524 1658 5283 L34 77 57.46 
IT-26·35 67g! KB 180< 1~ •m 131 51 43.51 
IT-27-35 6861 <B 1879 1985 4Q82 106 51 46.11 
r-28-35 678< <B 1817 lgJ4 4965 117 51 46.72 

IT-3g·35 677C KB 1§97 _tgzQ ·- 113 52 2, 46.02 
152·35 il¥i 1698 1810 5084 112 54 48.21 

I AVERAGES 107921 67.64 2.<-1 62.95 



148 
RF EL DW TOP OF 'IM-3 ""'""~" o ~" ISOPACH 'IM-3 NET .OFTH-3 SHAPE OF PERCENT 

Name TOP lliCKNESS SAND SANDS 'IM-3 

L:t _om ~a 1458 5313 126 46 ~ ' 2 36.51 

!4 6765 KB 1900 4865 50 18 36.0C 

-30·2 6n3 KB 1795 4Q78 138 83 60.14 

-~~~-~ 6750 <B 1758 4W2 139 63 45.3< 

·33·2 6755 KB 1955 4800 41-f IO.F 
A2 6937 GL 1004 5933 100 40 40.00 

3M_ 1;1!80 KB ~2 606! 48 3. _40~ 
12 6865 K8 885 5980 55 87 158. 

13 6870 iK8 970 590 140 120 4,: 85.71 
A14 6855 :Ks ~3 5862 134 93 _!;9"40 

15 6881 KB 1000 5881 150 105 70.00 

16 6855 •KB 940 591 114 47 41.23 
17_ 6831l KB 972 586: 109 69 63.30 

18 6831l IK8 960 587~ 52 44.07 

1a 6824 :K8 987 583: 102 51 50.00 
A20 683i KB 1000 583: 100 59 59.00 
A21 6826 IKB 997 58211 120 53 44. 
A22 6Q25 iKB 1050 5875 101 50 41l.50 

A23 6001 iKB 1053 58411 144 8ll 61.81 
A24 68Q1 IKB 1024 5867 163 108 66.26 
A25 6876 IK8 1020 5856 165 136 82.42 
A26 6847 IK8 997 5850 136 66 2. 411.53 

'503l 6784 IK8 501 6283 124 68 2, 54.84 
A603X 681 IKB 880 5931 "' 55.75 
61 687~ iKB 800 5981l ~ 124 69 3. 55.65 
110: §816 KB _po 5Q46 11 73 62.39 

B203X 6803 iKB 801 6002 123 59 47.97 
B303X 671l7 IK8 751 6046 NDE >24(NDEI J, 
B303Y 67QG IK8 690 6106 133 69 51.88 
B303Z 6794 IK8 701 6093 64 58. 

B403X 6801 IKB 633 6168 NDE >36INDEI 
B403Y 6803 IKB Gill 6184 104 68 65.38 
B403Z 6821 iKB 604 621: 96 53 55.21 
B503W 6806 IK8 669 6137 141 75 1.1. sc 
B503Y 6826 IK8 695 6131 122 71 58~20 

B503Z 6835 iK8 767 6068 12 5C 67 
B603W 6847 IK8 863 5984 11 55 1. 47.01 
B603X 6860 IKB 935 5925 113 75 ~ 66.37 
B603Y 6834 IKB 920 Sill• 111 75 67.5: 
B703X 6811 IKB 943 5876 10: 55 sue 
CI03X 685i IK8 752 6105 129 70 2. 54.26 

C603X 6868 IK8 944 5944 98 67 68.37 
0103X 6824 IK8 882 5942 103 67 65.0! 
D203X 6831 IK8 809 6022 104 68 65.36 
0303X 6859 IKB 71: 6144 107 Gil 64~49 

0303Y 6883 IK8 69C 6193 74 63.25 
0403X 6922 IKB 675 624i 105 59 56.19 

0403Y 6956 IK8 71- 6242 52 46.85 

0503W 6927 IK8 795 6132 68 58.12 

0503X _6Q66 IK8 -~ 6176 110 28 25.41 

0503Y 6956 IK8 81 6143 104 76 7~.08 

0603X 6926 IKB 884 6042 _109 70 64.22 

0603Y 69C IKB _940 5!160 109 Sll 6:1.30 
E403 7038 IKB 73: 6301 139 60 ~-
E503 6964 IKB 837 612: 74 65~41l 

E503X 61l76 IK8 822 6154 37 33.33 

E603X Sill: (8 820 6092 132 43 32.58 

F203X 6941 IKB 885 6056 101 38 37.62 

F203Y 61l24 IKB 932 5W2 105 63 ~QO 
F303X 7043 IKB 801 6242 136 31 22.79 

F~J( 7049 IKB 631: 133 53 2. 39.85 

F403Y 7039 (8 760 6279 100 66 2, 6§~00 

~ 
6llll2 IKB 81' 6' 59 1, 53. 

6964 (8 618: n 66.96 

F503Y 61l51 IKB ace 6143 80 -68.38 

F603W 690 (8 927 51l73 _72 ,1, 63.72 

F603X 6906 IKB 936 5970 108 67 1. 62~04 

G503X 6ll42 IKB 71l2 6150 1B 1, 66, 

G503Y 6934 (8 786 6148 82 71.93 

G603X 68119 IKB 888 6011 109 78 1. 71.56 

H503X 691' (8 802 6108 126 a: 1, 65.8: 

J503Y 6906 IKB 740 6166 100 24 24.00 

mit5 7024 IKB 766 6258 102 57 55.8B 

6786 IKB 153! 5251 151 74~ 

BB1IR1 1184 562ll 146 39 _lhl! 
,g. ·3 681· (8 1600 5214 141 87 61_-Z(l 

·22·3 6784 IKB 1654 5130 131l 6C 43. 

T·23·3 6771 (B 1457 5314 128 4ll 2.i 37.50 

-34-3 6753 IK8 1430 5323 124 40 32.26 

·A 6861 IKB 1118 5743 162 108 66.6: 

I·C·4 6898 IKB 1103 5795 NDE >llOINDEI 
!·C-4 691i IKB 1124 5794 NDE NDE NDE 
1-C-4 5g41 IKB 1160 578' NDE NDE NDE 

I·C·4 691 IKB 1247 5664 NDE -251NDEI 
_6861 IGL 1355 5506 14: 105 1.2. 71.4< 

!1·4 8878 IKB 1614 5264 129 66 51.1E 

14 6867 (8 1610 5257 124 58 46. 

12 8875 IKB 1600 5275 130 2. 36.1! 

15 6924 IKB 1755 5169 135 41 30.37 

15 69C8 IKB 1766 5142 134 79 4,5, 58~QG 

lg 6931 IKB 1827 5104 111 56 2, 50.45 
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RF EL DW TOP OFTH-3 vvnnc"' cu ISOPACH m3 NET IIOFTH-3 SHAPE OF PERCENT 

INomo TOP ~~n,.~~:7 SAND SANDS TH-3 TH-35 
!3 G;16 IKB 1777 5139 98 2. 66.67 
IF· X 681' IKB 101: 5807 82 51 ~ 

6824 IKB 101 581: NDE NOE 
20 6793 IKB 105 5388 90 49 54.44 
r-49·10 676: IKB 1529 5234 125 16 ~ 
r-5_0-lo 676< IKB 1585 5182 132 56 42.42 
18 6962 IKB 1243 57!! 88 15 17.05 
!8 7000 IKB '"' 5595 129 40 31.01 

.39 71~ IKB 1870 5296 150 74 49.33 
:so 7290 IKB 21 5175 162 _§9 36.02 
!C327 s;so IKB 1051 589ll 88 22 ~ 
C327Z 693E IKB 1071 5865 85 26 30.59 
0227 6949 IKB 1067 5882 98 42 3. 42.86 
10627 G;17 iKB 128 5789 95 36 2. 37.89 
IE227Y . ~92 IKB . NOE NOE NOE NOE 
iG427 G;i· IKB 885 6034 38 33.04 
iG627 6893 IKB !188 5905 45 20.00 
IH227 G;2: IKB 904 601! 1&1 119 _1ll1 
IJ527X 6907 IKB 823 6084 NDE >32CNDEI 
IJ527Z 6899 IKB 74! 6154 105 16 15.24 

127X 6918 IKB 966 5gs2 112 89 ~ 

i~.m 6900 IKB 965 5g:)5 82 40 48.78 
:: :::;~:: : 6887 IKB 8i 60j: 98 3§ 36.73 

i.M127X 6878 IKB 1036 5842 100 ~475 

IM127Y 6879 KB 944 5\l35 86 75.44 
IM227X 68~ KB 941 591' 153 72 __!Z.Ql; 
IM32< 687! <B 863 601 98 46 46.94 
IM627Y 6878 <B n1 610 83 22 26.51 
198·27 7053 KB 1458 559< 102 25 24.51 
[-15 706:J KB 1700 5363 125 22 '.60 
f·16A-27 6975 KB 1550 5425 32 31.0; 

16 6940 KB 1350 5590 100 _33 33.00 
IT- 17 7042 KB 100 5141 142 63 ~ 

18 6992 KB 1870 5122 19 16. 
r-24 6939 IKB 1733 5206 120 34 28.33 

;T-32·27 6894 IKB 1673 ~! J3 27.9< 
G;32 IKB .!188 5~ 104 34 32.69 
G;21 KB 991 5\l37 96 84.21 
6861 <B 1245 56 IE 102 10.78 

14 6920 KB 867 ~ 52 44.44 
122 7018 KB 1625 5393 ., 35.34 
172·2 6911 KB 146: 5454 101 41 2.' 40.59 
19~~2_7 (;gl; <B 1685 5232 120 14. 

199·2 7012 <B 1904 5105 158 76 48. 
IG928 G;48 KB Nl NL NL Nl 
·G928X 6923 <B 93! 598S 105 98 93.33 
.928 6902 ES 1159 5743 96 87.27 
1·2 699G <B _902 60811 247 126 ~ 

6974 <B 985 5989 143 55 1. 38.46 
6954 KB 944 6010 134 35 26.1< 

16-28 7008 <B ,,.. 5866 175 106 ~ 
11-C:-33 _703E OF FO FO FC FO 
11-C-33 7033 KB FO FO FC FO 
·C-33 6901 KB 1344 5563 NDE >411NOEI 

I3·C-33 GSa: <B J303 5MO 87 4Jl ~ 
12-33 6850 <B 1593 5257 107 73 2,! 68.22 
1-33 6854 KB 1578 5276 116 46 2.! 39.66 
10 6923 <B FO FC FC 27-F 
17 6918 KB FO FO FC FO 
18 6905 KB 1274 5631 e.! s: 2. 60.23 

l~234J(_ 6853 KB 85.!1 5995 123 84 65.63 
.:··. 6829 ES 633 6196 97 70 72.16 

l~z~.~x. ), ~SIKB 703 6142 11 26 _£2~ 

:!"~: 
892 5gs9 11 48 2,! 40.68 

18334 !;88 .6~1 96 58 60.42 
18534 6819 KB 

~ 
6251 89 28 31.4_6 

IB534X 6823 KB 6270 111 79 2. 71.17 
18634 68_31 KB 6210 103 41 ~ 
C534X 6832 KB 576 6256 117 64 3. 54.70 
ID134 6888 OF 103: 5855 123 2. 30.08 
0134X 6894 KB 944 5950 106 58 ~ 
0434 6943 GL 660 6283 93 16 7.20 
ID434X 6851 <B 654 6197 95 18 18.95 

1_734 6837 GL 61: 6225 114 61 _ _l_M! 
0834 6821 KB 766 6060 87 18 ... ~ 
IE534X 6851 KB 697 6154 NOE >12CNOEI 
IE634 6801 <B 570 6237 107 20 18.69 
IF234 685C <B . 995 5855 135 68 50.37 
IF434X 683E KB 680 6156 141 63 44.68 

IF434Y 685C KB 824 6026 132 51 •ill 
IF534X 6834 KB 637 6197 103 28 27.18 

IG634X 682E KB 611 6210 126 2E 2~ 
IG834l 68' <B 694 6119 108 28 25.93 

!H3~ 6847 KB 950 5897 133 63 47.37 

iH434X 6818 KB 756 6062 124 64 51.61 
IH534V 681' KB 635 6176 109 45 41.28 

IH534W 6818 KB 621 6197 123 52 42.28 

IH634W 6812 KB 586 6226 137 44 32. 

IH634X 6810 KB 60 6202 126 11 1!,7] 

IJ434 _6823 GL 786 6037 137 _l;(; 2. 40.88 

J834 6800 KB 761 6039 107 3.74 



150 

ICorrootod RFEL DW TOP OF ni-3 ~~nn~~, ~" ISOPACH 1M-3 NET IIOFTII-3 SHAPE OF PERCENT 
INIIIIIO SAND TOP 

6047 ° "''""N~~~E 
SANDS lM-3 SANDS TH-3SAND 

IK434 6821 KB 780 >IO(NOEl 
IK434X 682! KB n3 6052 124 57' 45.i7 

IK534 681C EL 671 613i 12i 64 49.61 

IK534X 6811 KB 83(l 591111 NOE >49(N0El 
JK634W 680E KB 625 6181 126 51 40.48 

IK634X 6791 E! 7!1 60117 88 48 54.55 

734X Jl1II 798 5981 100 29 29.00 

[1(8_34 677~ OF 76! 6007 30 21.!10 

=·::: 67!1E KB 600 ~1QS 121 24 19.83 

L634X 6m KB 621 6163 119 82 4. 68.91 

IM234X 6813 KB 873 5940 144 78 .. 54. 

[M3~ 6811 KB 858 5953 NDE >34(NDEJ 

JM334X 680E KB 780 6026 152 50 32.89 

lt.l~:!:"~ 6791 <B 706 60113 IU 50 43.86 

::t:. _678! KB 685 6100 130 78 2, 60.00 

[M534X 6781 KB 638 6151 130 61 46.92 

IM634W 6780 KB 600 6180 130 59 45.38 

IM634X 6n9 <B 62~ 6157 131 71 54.20 

JM734X 6779 KB 721 60511 149 71 47.65 

IM734Y 6n9 KB 79! 5Q84 61 42.07 

IM734Z 6ng KB 76! 601· 162 57 35. 

6791 <B 711 6072 NDE >3(NDE) 

[P3 67QS KB 751 6045 NDE NOE 
IPS 6813 KB 72(1 60113 NOE >41(NOE) 

68< (8 931 5911 104 74 1,2,5, 7Jc 
12 6839 KB 845 5994 9: 71 3.51, 76.34 

13 6861 KB 950 ~9_1 84 7!1 83.33 

rt4 6838 <B 83(l 6008 103 64 1,2,5, -~ 
rP11 -· KB 877 5967 101 59 .3. 58.42 

ITP5 684: :KB 92: 592C 81 22 27. 

2·0 6870 IKB 005 5965 95 69 7~ 
uni15D 6833 IKB 587 6246 81 16 19.7! 

12 6867 IKB 1073 5794 127 81 68.50 

13 6850 IKB 1082 5768 69 60,Q(l 

15 6824 IKB 993 5831 106 26 26.4~ 

17 6800 <B 827 5973 143 25 17.48 

14-34 6826 IKB 151" 531: 36 31.03 

6828 :KB 1642 51811 5l .2. 44.92 

r-60·34 6810 <B 1335 547! 128 51 2. 39.84 

r-6 -34 6792 IKB 1224 5568 127 80 62.99 

T-62-34 6764 IKB 1357 540< 88 74.58 

90-34 _61107 IKB 1383 5424 141 99 4, ~ 
·26·35 6795 IKB 1685 51 65 55.56 

T-27-35 6861 IKB 1757 _5104 122 48 39.34 

r-28·35 6782 IKB 1682 5100 135 79 ,2, -~ 
·39-35 6770 IKB 1677 50113 130 85 65.38 

52-35 67821KB 1565 521' 133 88 2.2 _66.1' 

AVERAGES 118.11 57.93 3.09 48.92 



1 51 
_RFEL OW TOPOF~ "~u ISOPACH -m-4 NET •OFTH-4 SHAPE OF PERCENT 

IN11111e TOP llliCKNESS SAND SANDS ~ TH-4SAND 

123 6771 IKB 1331 5440 127 40 2.1 31.50 

124 S76! IKB 1728 5037 172 69 40. 

"-30::1 sn3 IKe 1657 5116 138 25 18. 

"·3' ·2 &750 IKB ..... 5125 133 31 Oii1 

IT-33·2 6755 IKB 1782 4~73 173 48 27.75 

IA2 6Q37 IGL 882 6055 122 68 2.5.1. 55.74 

3AX &880 IKB 1012 6188 120 23 
-,-g:c 

12 6865 IKB ,, 6151 171 75 2.1. ..... 
13 6870 IKB 84~ 6021 121 36 2Q.75 

14 -6855 IKB -.rn 5981 119 34 1. 28.57 

15 6881 IKB 875 6006 125 54 2.' T3:2a 
16 6855 IKB 820 6035 120 41 2.' 39.1> 

\17 6839 

~ 
w 511!12 125 54 2.' 43.20 

\18 6839 "" ·- 113 48 2.' -.2.•e 
118 6824 855 sgsg 132 35 26.52 

A20 6837 (8 875 5Q62 125 50 2.: -4o.oo 

A21 6826 KB -.rn 5ll52 123 60 -..:71! 
A22 6925 KB ~ 511!15 120 35 ?0" 

•23 6Q01 tB 905 59Q6 36 24.321 

124 . 6891 KB 811 60111 2U 34 IS:ftg! 

•25 6876 KB 854 6022 166 561 33.731 

•26 6887 KB a7g 5968 118 341 28.81 

A503X 67e4 Kll 355 .- 146 8Q, --..rn 
A603X 6811 KB 741 """' 62 2,' 46.27 

687S <B rn 140 151 28 l854 

103 681E (8 7:1< 6077 131 64 2, 48.85 

IB203X 680l IKB 661 614< 140 69 49.29 

IB303X 67Ql IKB Siii 19( 144 101 1,1.4, 7cl14 
IB303Y St9i iKB ... 6250 144 25 

....,.,... 
IB303Z 67Q• IKB 57: 621 124 24 19.35 

IB403X 6801 IKB so. 129 29 22 

IB403Y 6803 KB 454 634, 165 58 4. 35 

IB403Z 6821 KB 452 63 .. 152 27 17.76 

IB503W 6808 KB 535 6271 ~4 35.07 

IB503Y -6826 KB 553 142 20 -.-.:oil 
IB503Z 6835 KB 595 0240 172 29 16.86 

IB603W 6847 KB 730 611 133 51 38.35 

1860 6860 KB rn 161 -9.94 
IB603Y 6834 <B 764 6070 156 45 '" 85 
IB703X 681Q IKB 787 603> 154; 45 28.85 

IC403X 6857 :KB Sci6 146 71 1.1. 48.63 

:so .... <B 78~ 60Q9 155 81 2. 52.26 

0103X 6824 KB 705 611Q 11 41 2,: 23. 

I0203X 6831 KB 672 131 21 15.33 

0303X 6859 <B 578 6281 137 46 33.58 
0303Y 6883 KB 532 6351 _1_58 63 2. 39.8l 

D-403X 6Q22 KB 528 6394 140 31 2.' 21:Qg 

D-403Y 6956 KB 557 63<1<1 157 37 ~ 
0503W 6927 IKB 638 628Q 157 74 1.4.: 47.13 

D503X 6966 :KB 034 6332 156 27 i7:'31 

0503Y 6956 KB 688 62611 125 57 ~ 
0603X 6926 KB 726 6200 158 23 14.54; 

:l603Y 61100 KB 78o 611 151 2. -50.99 

E403 703A KB .,. 6450 158 73 2.' .5.' -..:Oo 
E503 6M4 KB 670 6294 167 58 34.731 

E503X -6976 KB s!iO 6286 132 35.611 

E603X 691: KB 662 6250 158 72 4557 

~ 
6~41 KB 757 6184 128 60.16 

-&Q,. KB 75! 6169 177 73 41.24 

7043 IKB 664 6379 137 29 21.1: 

F403X 704\l IKB 597 "' J40 1.2.4, 50.71 

F403Y 7030 IKB Gl• 150 76 2, 5<167 
F503W 699~ IKB 69( G:lOO 129 62 .2. 48.06 

F503X -.. IKB si &'-'• 158 55 34.81 

F503Y 6951 IKB 64E 6305 162 87 11.2. -5370 

F603W 6900 IKB 1ec 6120 147 S7 .3. 45.58 

F603X -IKB 7AC 61 140 28 ta:7!1 
G503X 6942 IKB 620 6:!:>2 172 80 3, ' 46.51 

G503Y 6934 IKB '&25 161 80 49.69 

G603X 68!l9 IKB 725 6174 163 86 2 : 52:76 

IH503X 6Q11 IKB 643 6""7 159 83 ,2. 52.20 

IJ503Y 69011 IKB ... 120 34 28.33 

unitS 7024 IKB 545 63711 121 53 2. i:8a 
S786 IKB 13~ '""' 141 39 27.66 

68t: IRT 1ii63 121 24 19.83 

19· ;.3 681· IKB 1465 135 40 29.63 
r-22·3 6784 IKB 1510 5274 144 43 1 

,.... 
r-23·3 6771 IKB 1331 5.wl 126 33 2. 26. 

T-34-: -6753 IKB "i334 126 34 '26.08 

·A 6861 IKB .. , 5874 131 39 2.' 29.77 
1·C·4 68811 IKB 971 51121 126 25 2." 19.84 

!-C·4 6\lli IKB 'Mt <0?7 133 52 39. 

3·C·4 6~1 IKB 1023 5918 137 62 2.3.! 45.2ii 
4·C·4 6911 IKB ,,. 57!17 133 55 2.5; 41.35 

6861 GL ~ 162 81 53.70 

!1·4 6878 KB 14GOI 154 60 38.96 
34 6867 ;KB 14411 5.1261 169 60 2.2.' 35.50 
12 6875 'KB trui 130 56 2.2.: 43.08 

15 6!l24 1KB 1&2<11 126 19.05 

15 6906 :KB 1588 53201 178! 96 si93 
19 -6931 IKB 16s3 5l>4A 1401 50 2.' 3.:72 



152 
Corroctod RF EL DW TOP OF nl-4 ~vnnc~ o c" ISOPACH TH-4 NET •OFT~ SHAPE OF PERCENT 

INomo TOP , .... """':, SAND SANDS TH-4SANDS T~SAND 

!3 sgu IKB 16H 530: 6-" 1 41.7: 

!1'-lC. 681 IKB sg.j 502! 2E . 22.0: 

682• IKB 88! 5931 12! 6-" 5>.0< 

120 679: .IKB 1281 sso; 10.01 

Ll-..-41..-1 0 676: ·IKB 140< 5351 12! 2l . 21.6( 

T·SO·IO 676" IKB 1461 5301 12• 2• 10.3! 

18 696: IKB 5841 12: &:; 1,1. 48.82 

38 7001 IKB 127E 573: 131 6l I. 45.65 

-~ 716f IKB 1731 5435 131 44 1:5" 31.6! 

50 729( IKB 1981 5301 12! 2< ' 1.-o. 

.C327 GVS< IKB 928 602.:! 12l 6< I 52.0: 
:327Z 6Q31 KB 948 S!liel 12! 4: ....,- 37.6( 

0227 6Q49 KB 91 6035 15: 4! 294 

'0627 61117 IKB 101 5907 Ill I! 12.71 

IE227Y 68112 KB 771 6113 NDE >131NDEI 
IG42: 6911 IKB 737 61112 , .... oil I. nM 
iG62: 68Ql IKB 861 6028 121 ., . I 40.50 

IH227 6112: KB 74! 6178 159 5l 1.5. -35.85 

IJ527X 61101 IKB 671 6229 145 6-" 1.1. --..&QC 
IJ527Z 6811! i 63C 6269 115 7! 66.01 

L127X 61111 76: 6151 199 91 49.25 

~~~-~?.. 6110( Nl Nl -NL ;781Nl 
6881 IKB Nl NL Nl >40/NL 

!127X .. 6878 KB 86l &01' 173 103 "59.54 

!1~7Y 6879 IKB 803 6078 14 97 2. saY. 
M227X 6866 !KB 74C 6128 207 75 2, 36.23 
M327 6875 KB 72: 6152 1401 54 .. 3857 

M627Y 6878 IKB 633 6245 138 76 2.5.2. 55:07 
l8-2: 7053 IKB 1324 sn9 132 31 2348 

IS 7063 IKB 1550 551 150 33 2200 
16A-2: 6975 KB 1425 5550 125 57 2. 4560 

·16 6V40 IKB 1218 5722 132 37 ~ 
-17 704: iKB 1769 s2n 132 27 20.45 

I! 6992 IKB 1728 5264 142 .. 3M~ 
-24 6939 IKB 1593 5348 140 68 48.51 

·32-27 6894 IKB 1570 532. 103 32 31.01 

6932 IKB 855 son 46 w 
6928 IKB 816 61 175 108 61.71 

11 6861 IKB 1126 5735 41 3 34.4! 
14 6920 IKB 757 6163 ... ""2s:3t 
!2 7011 IKB 14118 553C Ill 54 1,1. 39.4: 
72-27 GVI" IKB 1334 558: 129 &5 .3. 50.31 

l4·27 6111" KB 1580 53.1~ 105 34 32.38 
gg.27 701: IKB t7n 5235 t27 40 1. 31.50 

G928 6948 IKB NL Nl NL NL 
G928X 692: IKB 765 6158 170 100 58.82 
.9~8- 6902 IES NL NL NL >211NL 
!·2 699C IKB FC FO FC 103;F 2. 

61174 IKB 802 6172 183 71 38.80 

6954 IKB 748 6206 196 107 ~ 
16-28 7008 IKB FO FO "Fa 83·f 2. 

1·0·33 7036 IDF FO FC FC FC 
·C-33 7033 IKB FC FC FC FO 

I·C·33 6901 IKB FO FO FC i'o 
13-C·I 6883 IKB FC FC FC 42·f .. 
12-33 685C IKB FC FC FO 16-F 
14-33 6854 IKB FC FO FC 59-F 3. 
10 6923 IKB FC FC FC FC 

6V18 IKB FC FC FC FC 
148 61105 IKB FC F< FC FC 
[A.234X 6853 IKB 72< 6131 136 66 1 ?, i5: 

::::f. 6829 ES 49! 6331 135 36 26.61 

[A734Y 684siKB 55! 628~ 145 84 57.9: 
··::. 

~~~= 
Nl Nl Nl >SOINl ·:··· 

IB334 451 638ll 131 75 1.2. 54.7< 

IB534 6811 IKB 421 639.! 141 59 2, 40. 

IB534X 682: IKB 41 6~ 1311 .. '· 
..,.... 

IB634 6831 IKB ~ 642: 21 121 56.81 

IC534X 683: IKB 45E 637! 12( 46 10 -38.3: 

10134 688l i FC FC FC 59-F 
I0134X 689< FC FC FC FC 
10~34 694: 53: 641 12E !l!i 3,1.2. 7AZ 
ID434X 6851 IKB 50E 6:3oi! 65 2. 43.9: 

10734 683< IGL 47' 6311: 13E 81 
,...,....,. 

63.0< 

108~4 6821 IKB 63( 619! 130 3! '· 2§.7. 

IES~X 6851 IKB 551 629! 14~ .. ..... 
IE634 6801 IKB 421 638! 14G 78 52.3! 
IF234 685< IKB FC F< FC 34 

IF434: 6831 KB 54( 6298 14~ 55 ~ 39.2! 

IF434Y 685( IKB 67E 6174 14E 90 
1.1:2. 

6Ml 

IF534X 6831 IKB 4!1( 6:144 147 00 58.5( 

~)( 6821 IKB 491 6321 6< 1:1" 53.71 

;G834X 681. IKB 57! 623.! 1U 
··~ ,, 520j 

IH334 6841 iKB 81l sO:... 131 8E 1. 64.2: 
1H434: 681, KB 62( .,., 130 t.o: 
!H534V 681 IKB 47! 6331 IG<: oil ~ 
IH534W 681! IKB 474 -6:144 141 ~ 19.05 

~4\/Y" 6812 IKB 470 634: 5: ....,- 45.6G 

IH634X 6810 IKB soc 631! till 24 ---:>222 
IJ434 6823 IGL NL Nl Nl ••oNL 
IJ834 6800 IKB flOE 6194 15! n ltl 4"' 10 
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RFEL DW TOPOF~ CORRECTED ISOPACH ~NET o OFTH-4 SHAPE OF PERCENT 
NMie SAND TOP ELEV. •~v~n~~~ SAND SANDS ~ TH-4 
K434 6827lKB 680 6147 70 3 1.2.2 70.00 
K434X 6825 iKB 651 6174 122 <10 ~ 
K53o4 . 611!• IEL _555 6255 83 71.55 
K534X 6811 IKB - 6122 136 911 1,2, 72.79 
K634W 6806 IKB 481 6325 144 2. 5~ 
K_634X ~m IKB Soli 6250 153 44 28.76 
K734X 6779 IKB 649 6130 149 51 2, ~ 
1(8~~:. 6772 IDF 586 6186 ~ 2, ,5, 6'-80 

67QE IKB 461 63351 139 49 2. 35.25 
L634X 6784IKB 461 63231 160 70.63 
M234X 681: IKB 727 6086 146 _55 _37_,_67 
M334 681 IKB 60Q7 144 50 34.72 
t.ru4X 6804! IKB 636 6170 "' 39 27.08 

M:434Y 67VQ IKB 552 6247 154 30 19.48 
678.5 IKB 550 6235 135 _49 5.~ 36.30 

t.i~~ 6789 IKI!_ _-485 6304 153 23 15.03 
1M634W 6780 KB 444 6336 156 8C 1,2. 51.28 
1M634X sng KB 448 6331 174 49 28.16 
:M734X 6rn KB 602 t;1: 119 19 15.97 
'M734Y 6779 KB 670 6109 125 30 24.00 
!M734Z sng KB 61! 6160 146 <10 ~ 

6791 <B 566 6~ 153 49 32.03 

IP3 67QE K8 6011 6188 143 zg 20.28 
IPS 681 KB 570 6243 150 23 ~ 

-~ ~ 7Q6 6051 135 n 57.04 
rl2 6&39 <B sg; 6142 148 vg .2. 66.89 
r13 6881 KB 800 -1 150 911 1>1>-QQ 
[!o4_ -~ KB 683 6_155 147 78 .5. 53.06 
TPI 6844 KB 71 6133 166 60 36. 
TPS 6843 KB 758 6011!1 165 n ~ 

12·0 687C <B 760 6111 -~ 46 31.72 
luni151 6113l KB Nl NL NL >34{NL 
12 6887 KB 915 5952 158 75 1, '.47 
13 6850 (8 96CI 5~ 122 38 2, 31. 
15 ~4 KB 874 595CI 49 2. 41. 
17 6800 KB NL Nl Nl >111(NL: 

14-34 6826 KB 1379 5447 ~2 21 20.45 
6828 KB 1510 531· 132 43 1 ~ 

r-60·34 6810 KB 1192 561 14: 30 20.98 
T·.§.: ,34_ §Zll2 KB 5679 24 21.62 
T-62·34 6764 KB 1228 5536 129 32 24.81 

190-34 6807 •KB 1240 556: 143 98 .3. 68.53 
r-26·35 6795 !KB 1549 5246 136 8.06 
r-27·35 6861 IKB 1625 5236 132 27 ~ 
r02_1!-3_§ §?82 KB 1556 522.! 126 22 17.46 
·39·35 6770 1KB 1547 5223 130 12.31 

[52·35 6782:KB 1435 534: 130 22 2. 16.9:2 

[AVERAGES U1.521 53.50 1601 37.46 
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RF EL DW TOP OF nt-5 ISOPACH nt-5 NET •OFTH-5 SHAPE OF PERCENT 

INornt TOP SAND SANDS ?n.~ SANDS nt-5SAND 
123 1!371KR 114! SS26 IAF ! 2.U 36.0l 
~~ 676~ KB 1C7E 528~ 25:i 1.3.1. 43.2! 
-30-2 67: KB 148( 52!13 m 1g.n 

IT -31:2 67!> IKR 141 . 53:Jg 
" 2. 36.9; 

-33-2 675~ KB 1521 ~ 2S1 2. 31.03 
IA2 GQ3' Gl ~ 6zgg 24i 2. 69.26 
13AX 611111 IKB 4gQ 638t 10: 10.36 

112 """' KB 51 6353 20:1 U6 
13 6871 IKB 65! 621 l9< 0.00 

114 68<! IKII 67! S1B<l "'" 5.53 
15 67< 6207 201 40.80 

116 685~ IKB 63C 622! ·~ 16:3,; 
68: .IKA 65< 618! '"' 16.0E 

18 6831 IKB 65< 6181 19! 1121 
1g 682· IKB 6&1 6161 i!li 6.81 

IA20 68: 'IKB 68CI 615 19! 2, 30.2E 
IA2t 68< 6140 19C 10.5l 
IA22 GQ2! .IKB 717 6201 213 " 49.71 
IA23 6901 IKB 70! - 61SN 20Cl 1: 1 6 
IA24 AA<I1 IKB 676 621 134 7.91 
IA25 687 IKB 69C 6186 l64 1.4. 43.2! 
IA26 684' IKB 682 -6165 197 -2:5 
IA503X 

..,.. 
IKB 6&3 201 1C 34. 

IA603X 681 IKB 550 62S1 -,-96 2. 69.3$ 
68~ IKB 571 630t 161 3.11 

,-03 AAI IKB so; 6309 23< 56.47 
IB203X 68C IKB 421 6375 Zl3 2.2.< 36.0! 
IB303X 67<1: IKB 403 6394 --;;a. 23.0j 
IB303Y 67"' IKB 350 S446 19E 61.7' 
IBJOJZ 67g• IKB 360 6434 21 o.oc 
IB403X 680 IKB 296 650!5 >Oii ., 22.6C 
IB403Y 68C IKR I 25C S5S3 ""' 85 3. 41.6: 
1846: 682' IKB 221 6593 224 1C 4.41 
IB503W 68C IKB 306 650C 

~ 
16.5$ 

IB503Y 6ii>t IKB 301 652! 17.06 
IB503Z ~ ~ 32 SSOI 5.9< 
IB603W 684 'IKB 561 6281 164 - 38.< 
IB603X 6861 Kll 571 628l -,gji 13.7! 
IB603Y 541 S281 21 13.81 
IB703X 6811 IKB 581 6231 -,gg 15.0! 
IC403X 68s: IKA 381 -.461 " .. 1.3 . 65.4' 
lc6oax 58l 630! 206 57.2! 
0103X 682• KB 491 6327 ~20B 8.1 

ID203X 683 IKB 41 s.21 ""' 1: so.oc 
lo3o3X AASI 11\.B_ 351 650C 219 1: 62.5! 
10303Y 68&; IKB 31 6567 '216 11 . 75. 
0403X sgz IKB 31 6601 ---,. 31.7! 

ID403Y 348 661 ""' 82.71 
ID503W 42C 650: 218 1• 66.g7 
0503X -IKB 41 655: -220 ,. 

I -67.73 
0503Y I!QSI IKB 441 651! 247 1 71.2E 
0603: GQ2t IKB 511 641 21 ,. 67.4< 
0603Y ~ IKB 581 631 -zil.i 45. 

IE403 7031 IKB 393 . 664! 1 .. " 1.2. 57.53 
IE503 ......... ~~~ 465 64991 205 1.3. 65.3: 
IE503X 697! IKB 483 64~3 2o7 " 51.69 
IE603X G!lll IKA 470 6442 ••• ,3. 41 . 
IF203X 69(1 IKB 556 6385 201 2, 65. 
IF203Y 6924 .KII 55< 6370 201 5970 
IF303X 704: KB 45! 6587 201 2,1 76.92 
IF403X 7041 IKB 377 667l -:m 1,2,3, 66.82 
IF40:Iv 39! 664< 21 1.2.1.2. 52.56 
IF503W Gljg< IKB 43E 655<1 25; 1.3.1 59.5< 
IF503X -~ IKA 40< ·s56c " 0.23 
IF503Y 43! 651E 21 1.2.3.2. 67.77 
IF603W 69CK IKB 564 6336 --,, 54.63 
IF603X """" IKA 57E S33C 21 59.72 
,GS03: 6~· IKB 421 6521 19! 1.2. 59.80 
IG503Y 6~3<1 IKB 424 651C -201 1.3.2-4 .• 66.61 
IG603x 511 S380 20E 1.3. 55.3< 
IH503X 6Q10 IKB 459 6451 18ol 60.33 
IJ503Y 61101! IKA 418 6-W 

....,., 4i.oo 
I unitS 384 66411 2S1 60.15 

6788 IKB 1gg 5587 1!1.! 36.4 
&iii IAT 87! sOJe IBE 7.23 

lil-1'-:3 1254 5561l " 51.66 
r~ S7A.I 1292 54g2 2U 2. 50 .•• 
r-23-3 6771 IKB 144 5627 18l 2.2. 37.97 
r.a.:3 6753 IKII 1125 SS28 m .17 

14-A 786 6075 201 2. 22.39 
-c-4 68QII IKB ]gEl 610< 171 13 .• 

12-C-4 6011 IKA 81: &io! 17' 24.11 
.• 4 <Q•t IKB 841 6011.! •n 18.6' 

14-C-4 6Q1 IKB 93! 51171 rn 2. 35.7! 
686iiGl 1001 586( 1QO 1.2. •iii 

1-4 FC FC FC 10· 
134 6867 (KB 1231 5631 21 13 2.2. 66.1! 
142 687! (KB 127l -5so:< ---,-g, -.3 1,1 68.0: 
15 145l 5461 173 1,2, 57.2: 
35 69().! IKB 1401 5507 !Ill 1.3. 44.3£ 

139 -6931 IKA 151 5421 ill 49. 
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. RF EL DW TOP OFTH-5 CORRECTED ISOPACH TH-5 NET rOi'ms SHAPi OF PERCENT 

IN11mo TOP 55011 I t11CI\N~~ SAND SANDS TH-5 SANDS Tli-5 

183 6911 IKB 141( 81 1.1.5. 39.71 

IF·X 6811 KB 68.11 6131 """ 36 1HS 

682~ IKB 68.11 6136 197 41 2i87 
120 679~ IKB 141 565:1 145 .,; 31.7< 

'·41 10 676: KB 122( 55ol!l 184 "' 28.2~ 

-50-10 6761 IKB 125< 5513 207 41 1o1ii 

18 696:1 IKB 95~ 6010 164 ·:w 2. 20.73 
700'l IKB 1101 5QOQ 167 50 ~2. -3if~ 

131 716E IKB 156( 5606 171 (Q 22 23~ 
ISO 729C IKB 1801 5(87 iss 7'i 1.2.3. 42.(7 

IC327 695( IKB 727 6223 201 g: 2 46.21 

C3gJZ 61136 IKB ,.: 6180 191 93 2 46:7i 
0227 &lUI IKB 73( 62U 184 60.33 

10627 611 IKB 81 &I ill """ Sol 1,2. 32.0C 

IE227Y 68ll IKB 6C 6200 171 103 ~s.. 
IG427 691 IKB 55l 6361 171 lOCI 1. 55.81 

IG627 6893 IKB 684 . 6201 183 71 38.8( 

IH227 692: IKB 52C 6403 22~ 91 1.tl 40.4' 

IJ527X 6001 IKB 474 6(33 2Q.4 141 1,?1 11 no< 
IJ527Z 6891 JKB 4(5 6454 18! 34 18.3! 

L127X 6111 IKB 570 6341 19: 8! 2: 43.15 

~~-~!!7.. 6g()( IKB NL Nl Nl Nl ... saa; IKB NL -,., Nl Nl 
M127X 687! KB 672 ·~ Ill 61 36:13 

1127Y 6871 <B 590 6281 21 58 2.: 27.23 

M227X 686E 

~ 
534 6330 206 40 23.79 

132: 687~ 50( 6371 219 56 2. 255:7 

M627Y 6871 KB 43( 6((4 191 129 2.2. 64.82 
18-27 705.: 

~ 
152 5Q01 172 25.00 

15 7063 136: 5700 187 .. <7~01; 
16A·2: 697! 'KB 1240 5735 185 67 2.2. 36.22 

-16 6IU( IKB 1030 5910 56 29.71 
,T-17 JO(l IKB 1590 5(52 171 26.82 

18 ~ <B 1545 54(: 183 (3 2Jso 
-24 WI iKB 1404 5535 181 71 2. 37.57 

T-32·27 6814 iKB 1343 5551 ... .. 37.81 
61132 KB 688 624. 167 .. 11. 52.&1 

6128 IKB 627 6301 181 104 2. 55.03 

l1 6861 IKB 934 5127 102 25 13.0l 
14 6920 KB Nl NL Nl Nl 

!2 701, IKB 1303 5715 165 47 2. 25~ 
72-27 611' IKB 1161 5751; '"' 76 2. 43.13 

14-2: 611' KB 1351 5566 221 76 1 33.11 

DD·27 701: iKB 160~ 5410 175 51 I. 29.14 
GD28 6148 IKB Nl -NL Nl -,.i 
GG28X 6123 IKB 561 6354 106 .. 11 ~ 
LD28 6GO:! IES NL NL Nl Nl 
'B·2 6QGO IKB FO FC FC F< 

6174 IKB 626 6348 176 -5'i.oil 

6154 IKB 563 63GI iss 41 3. 26.49 
>-28 700e IKB FC FC FO F< 

1-C 7036 OF FC F< FO FC 
I·C-33 7033 IKB I FC FC FC FC 

I·C·33 6007 IKB FC FC -Fe FC 
!3·C·33 6883 IKB FC FC FC FC 
!2-33 6850 IKB FC FC FC FC 
1-33 6854 IKB FC FC &'() FC 
10 6923 IKB FC FC FC FC 
!7 691 iKB FC FC FO FC 
48 ,IKB 6905 FO FC FC FC 

I,A.2~4.X ~ lKB 494 635! 228 121 14 ss.sl 
;:::~:~;~ ·: ~ES 248 6581 250 1~ 2.5. 56.8( 

i.At~~x ~KB 359 6481 191 51 25.6: 

::·: 6651 Nl Nl Nl Nl 
19334 683i ~KB 253 6581 I Ill! 10!1 55.0! 

IBS.H 6811 •IKB 240 657< 181 67 -:i7.o: 
IB534X 682: IKB 249 657< 1M 27 16.2" 

IB634 6831 IKB ~ 6571 ·~ l16 --,-1;3" 74.3l 

'C534)(_ 683: IKB 218 6614 23S 121 I? S<l.a• 
10134 6881 IOF FC FC FC FC 
10134: 68!1< IKB FC FC FC FC 
10434 &IU: IGL 31C 6633 ~ n 2,; 30.4 

ID434X 6851 KB 315 6536 -Iii 121 . 4 1.2. 67.5• 

107~~ 683< IGL Nl NL Nl .70<Nl. ,--, 
10834 6821 IKB 401 6425 2211 163 .. 71:1i 

IE534X 6851 KB 305 5546 25C 111 1.2.1. 476( 

IE634 seo; IKB 227 &Sail 104 (3 22.16 

IF234 685( KB FC FC FC FC 

IF434X 6836 KB 348 6488 li~ so 2708 

IF434Y 685< KB 455 63D5 22i 14( 1.2. 65.16 

IF534X 683< KB 260 5574 23l: "' •• . 40.00 

G634X 6821 IKB 30~ 5524 195 109 1,? 55.00 

G834X 681: IKB 387 6~6 188 9ll 2.2. 52.13 

!34 684< IKB FC FC FC 46-F -5:2. 

iH434X 6811 IKB 434 6384 18E 3E ~ 
H534V 6811 IKB 31~ 6491 t53 z; 1.50 

.H534W 6811 IKB 304 6514 17C s.zs 
H534W 681: KB 26C 65§0 21C 1Zl -22. 58.57 

!H634X 6810 IKB 329 6481 171 3:0 18.71 

!J434 6823 IGL Nl Nl Nl Nl 
IJ83_!_ 6800 KB 403 6390 203 a:; -2. 40.3S 
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Corrected RF EL DW TOP OFTH-5 CORRECTED ISOPACH TH-5 NET J0FT~5 SHAPE OF PERCENT 
N...,o SAND TOP ELEV. THICKNESS SAND SANDS TH-5SANDS T~5SAND 

K434 6827IKB 465 6362 215 167 5 3,2.2 77.67 
K434X 6825 KB 456 6368 195 156 5 2,1,2.5 80.00 

K534 6810 EL 361 6448 194 8& e 1.5.5.5.5.1 45.36 

K534X 6816IKB 523 62113 171 120 7 2,5,1 70.18 
K634W 6806 KB 310 641l6 171 103 6 2,1,2,1.5 60.23 
K634X 67119 KB 346 6453 203 0 0.00 
K734X 6778 KB 468 6311 181 53 4 2.1 29.28 
K834 6772 OF 403 6368 183 118 7 2,2.2.5 GUS 

·::~~~i!iiiiitmt~· 671l6 KB 254 6542 207 91 7 1,1,1,1 43.1l6 

L634X 67114 KB 258 6526 203 130 9 3.1.2 64.04 

M234X 6813 KB 522 62111 205 109 8 2,1,1,5 53.17 
M334 6811 KB 544 6267 170 114 5 2.3 67.06 

M334X 6806 KB 434 6372 202 0 0. 

M434Y 67119 KB 360 6439 192 0 0.00 

~§:~i:i:i:Ji%!•· 6785 KB 373 6412 1n 5 ~ 
M534X 6788 KB 310 6478 175 0 0.00 

M634W 6780 KB 237 6543 207 U2 5 1,1,2,2 68.60 

M634X 6n KB 273 6506 175 0 o,QC 
M734X 6770 KB 385 63114 217 ol2 3 3,2,1 19.35 

M734Y 6770 KB 451 6328 219 0 o.oc 
M734Z 6779 KB 407 6372 212 53 11 2.1 25.00 
PI 6781 KB 378 6413 188 129 4 2,2,1 68.152 

P3 671l6 KB 425 6371 183 96 4 2.2 52.46 

PS 6813 KB 344 6460 226 0 j 0.()( 

Til 6S47 KB 620 6227 176 86 2 12 48.86 
Tl2 6838 KB 475 6364 222 64 3 2 28.83 

Tl3 6861 KB 608 6253 192 95 6 1,3,22 "9."8 
Tl4 6838 KB 464 6374 218 89 7 13 40.64 
TP11 61!44 KB 492 6352 210 58 2 2 26.48 

TP5 68• KB 577 62611 181 79 3 23.1 43.65 

2·0 6870 KB FO FO FO o-F 
uni15D 6833 KB N NL N NL 
12 6867 KB FO FO FO o-F 
13 6850 KB 768 6062 192 73 3 2.2.2 38.02 

15 6824 KB NL NL N >40lNL 2 2 
17 6800 KB NL NL N NL 
T·14·34 6826 KB 1180 5646 190 58 4 2,2,2 29.15 

21 6828 KB 1316 5512 1941 43 2 2 22.16 

T-60·34 6810 KB 968 5822 204 54 3 1.2 26.47 

T-61·34 6792 KB 887 5!l05 226 154 3 1.1,1 68.14 

T-62-34 6764 KB 1052 5712 176 81 5 1,1 .6.02 

90-34 6807 KB 1040 5767 20CI 155 4 1 1.2.1 77.50 
T-26·35 679 KB 1356 5438 1113 43 3 22 22.28 

T-27-35 6861 KB 1425 5436 20CI 44 2 2.2 22.00 

T-28-35 6782 KB 134 5437 211 64 6 2,2 30.33 

T-30·35 6770 KB 1342 5428 205 97 2 1,2 47.32 

52-35 6782 KB 1247 5535 188 147 5 2.2.1 78.19 

AVERAGES I 199.70 79.89 4.9 39.80 



ICorrootod 
INamo 

RFEL DW HOBACK SD. 
lMICKNESS 

655 12 3 _1>77_11 KB 
124 676SIKB 
r ·30·2 6n3IKB 640 
T ·31·2 67S<IIKB 
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