
Louisiana State University Louisiana State University 

LSU Scholarly Repository LSU Scholarly Repository 

LSU Historical Dissertations and Theses Graduate School 

12-1990 

Distribution and Migration Patterns of Subsurface Fluids in the Distribution and Migration Patterns of Subsurface Fluids in the 

Wilcox Group in Central Louisiana Wilcox Group in Central Louisiana 

Masaaki Funayama 
Louisiana State University and Agricultural and Mechanical College 

Follow this and additional works at: https://repository.lsu.edu/gradschool_disstheses 

Recommended Citation Recommended Citation 
Funayama, Masaaki, "Distribution and Migration Patterns of Subsurface Fluids in the Wilcox Group in 
Central Louisiana" (1990). LSU Historical Dissertations and Theses. 8372. 
https://repository.lsu.edu/gradschool_disstheses/8372 

This Thesis is brought to you for free and open access by the Graduate School at LSU Scholarly Repository. It has 
been accepted for inclusion in LSU Historical Dissertations and Theses by an authorized administrator of LSU 
Scholarly Repository. For more information, please contact gradetd@lsu.edu. 

https://repository.lsu.edu/
https://repository.lsu.edu/gradschool_disstheses
https://repository.lsu.edu/gradschool
https://repository.lsu.edu/gradschool_disstheses?utm_source=repository.lsu.edu%2Fgradschool_disstheses%2F8372&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.lsu.edu/gradschool_disstheses/8372?utm_source=repository.lsu.edu%2Fgradschool_disstheses%2F8372&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:gradetd@lsu.edu


DISTRIBUTION AND MIGRATION PATTERNS 
OF SUBSURFACE FLUIDS IN THE WILCOX GROUP 

IN CENTRAL LOUISIANA 

A THESIS 

Submitted to the Graduate Faculty of the 
Louisiana State University and 

Agricultural and Mechanical College 
in partial fulfillment of the 

requirements for the degree of 
Master of Science 

i n 
The Department of Geology and Geophysics 

by 
Masaaki funavama 

B.S., Yamagata University, Japan, 1981 
M.S. Tohoku University, Japan, 1983 

December, 1990 



MANUSCRIPT THESES 

Unpublished theses submitted for the Master's and Doctor's 

Degrees and deposited in the Louisiana State University Libraries 

are available for inspection. Use of any thesis is limited by 

the rights of the author. Bibliographical references may be 

noted, but passages may not be copied unless the author has 

given permission. Credit must be given in subsequent written 

or published work. 

A library which borrows this thesis for use by its clientele 

is expected to make sure that the borrower is aware of the above 

restrictions. 

LOUISIANA STATE UNIVERSITY LIBRARIES 

L 
11> -J 

or-. 



ACKNOWLEDGEMENTS 

I would like to thank my advisor, Dr. Jeffrey 8. Manor, for 

his numerous hours of guidance, encouragement throughout this 

study, and for his critical review of both the technical content 

and the English in the various drafts of the text. I would also 

like to thank those who served as committee members. Dr. 

Arnold H. Bouma and Dr. Joseph E. Hazel. Thanks also goes to 

Richard McCulloh of the Louisiana Geological Survey and Chris 

Wheeler for their invaluable information on this subject 

material. I would especially like to thank Ghek SoonthornsaratuI 

and Kasana Pitakpaivan for their advice and assistance. I also 

thank Dr. Robert Desbrandes of the LSU Department of Petroleun 

Engineering and many of the current and former faculty and 

graduate students in the LSU Department of Geology and 

Geophysics for helpful discussions. 

I gratefully acknowledge Teikoku Oil Company for providing 

the financial support to study here at Louisiana State University. 

Finally, I thank my wife, Tomoko, for her encouragement 

and understanding during this study. 

i I 



TABLE OF CONTENTS 
Page 

ACKNOWLEDGEMENTS ii 

TABLE OF CONTENTS 

LIST OF TABLES vi 

LIST OF FIGURES vii 

ABSTRACT xi 

INTRODUCTION 1 

STUDY AREA AND GEOLOGY 3 

Geologic Setting 3 

Stratigraphy 4 

Lithofacies and Depositional 

Environment 11 

Pore Fluid Characteristics 15 

Economic Geology 18 

Oil and Gas Production 18 

Oil and Gas Source Rocks 19 

MATERIALS AND TECHNIQUES 24 

Log Correlation 27 

Sandstone Percentage from SP Logs 27 

Temperature 28 

Pore Fluid Pressure and Geostatic Ratio 29 

Salinity Estimation from SP Logs 32 

SPLog 32 

111 



Parameters Required for Salinity Estimation 

from SP Logs 43 

SP Deflection 43 

Bottom Hole Temperature 45 

Rmf Estimation 47 

Density and Viscosity Calculations 55 

Density 55 

Viscosity 59 

Validation Limits of Calculated Data 61 

RESULTS 66 

Lithology 66 

Temperature 77 

Pore Fluid Pressure 77 

Salinity 81 

Stratigraphic Variations in Salinity 81 

Areal variations in Salinity 87 

Variations near Salt Domes 91 

Density and Viscosity 92 

Possible Fluid Migration Patterns 93 

Possible Origin of Dissolved Salt and 

Pore Water Migration 93 

Hydrocarbon Migration 94 

CONCLUSIONS 103 

BIBLIOGRAPHY 1 07 

I V 



APPENDICES 118 

1. Spreadsheet program for calculation of pore 

fluid properties 118 

2. Geostatic ratio from the George graph 128 

3. List of wells 133 

4. List of Wilcox oil and gas fields 1 50 

VITA 180 



LIST OF TABLES 

TABLE Page 

1. Examples of chemical compositions of pore 

water from the Wilcox reservoirs 16 

2. List of Rm-Rmf relation survey 48 

3. Sensitivity in in situ fluid density calculations 

using the Phillips et al. (1983) equation 57 

V I 



LIST OF FIGURES 

Figure Page 

1. Index map of the study area with well 

control 5 

2. Major tectonic structures of the northern Gulf 

of Mexico Rim 6 

3. Tectonic structures in the study area 7 

4. Stratigraphic framework of Louisiana 9 

5. Typical example of SP-resistivity log response 

of the Wilcox Group in the study area (well no. 

91) 10 

6. Local subdivisions of the Wilcox Group 13 

7. Depositional systems of the lower Wilcox 

Group 14 

8. Salinity versus depth plots of the Wilcox 

Group 17 

9. Oil and Gas fields and production trends in 

Louisiana 21 

10. Wilcox oil and gas fields in the study area 22 

11. Carbon isotope compositions of several 

Louisiana crude oils 23 

12. Index map of four regional cross sections 26 

13. Reconstructed George graph for estimation of 

pore fluid pressure from shale resistivity 31 

VII 



14. Comparison between fluid resistivity of pore 

fluid from Wilcox reservoirs and sodium 

chloride solutions 37 

15. Salinity calculation flow chart 38 

16. Sensitivity analysis of salinity calculations 

from SP response 41 

17. Schematic patterns of SP line shift 42 

18. SP bed thickness correction 46 

19. Location of four townships selected for mud 

properties investigation 49 

20. Relationship of mud and mud filtrate 

resistivity at 75°F in the four study 

townships 50 

21. Mud - mud filtrate resistivity relationship 

dependence on mud weight and recorded year 53 

22. Relationship of mud weight and mud 

resistivity 54 

23. Effect of pressure on in-situ fluid density 

calculation 58 

24. Comparison between water density and 

calculated densities of sodium chloride 

solutions 58 

25. Effect of pressure on viscosity of sodium 

chloride solutions 60 

VIII 



26. Water viscosity approximation by polynomial 

curve fitting 60 

27. Calculated salinity versus depth plots on wells 

of the regional cross section A-A' 63 

28. Calculated pore fluid properties on well No. 

71 64 

29. Calculated pore fluid properties on well No. 

238 65 

30. Structure map at the top of the Wilcox Group 67 

31. Isopach map of the Wilcox Group 68 

32. Regional cross section A-A' 69 

33. Regional cross section B-B' 70 

34. Regional cross section C-C 71 

35. Regional cross section D-D' 72 

36. Areal variation in percent sand in the upper 

1,000 ft of the Wilcox Group 73 

37. Areal variation in percent sand in the lower 

1,000 ft of the Wilcox Group 74 

38. Recorded bottom hole temperature versus 

depth plot 75 

39. Recorded bottom hole temperature versus 

depth plot 76 

40. Pore fluid pressure profiles derived from mud 

weight on the wells of regional section A-A' 79 

1 X 



41. Comparison of pore fluid pressure derived from 

mud weight and shale resistivity using George 

graph (well No. 283) 80 

42. Salinity profile on regional cross section A-

A' 83 

43. Salinity profile on regional cross section B-

B' 84 

44. Salinity profile on regional cross section 0-

C 85 

45. Salinity profile on regional cross section D-

D' 86 
46. Areal variation of calculated salinity at the 

top of the Wilcox Group 88 

47. Areal variation of calculated salinity at the 

top of lower 1,000 ft of the Wilcox Group 89 

48. Areal variation of Wilcox oil gravity 98 

49. Wilcox API oil gravity versus depth plot in the 

entire study area 99 

50. Wilcox oil gravity versus depth plot on "Winn-

Avoyelles" trend 100 

51. Stratigraphic variation in the top of the 

producing zones in Wilcox oil and gas 

reservoirs 101 

52. Trend map of selected producing horizons of 

the Wilcox reservoirs 102 



ABSTRACT 

Variations of pore fluid properties as well as lithologies in 

central Louisiana were investigated using more than 300 

conventional well logs in order to understand processes and 

patterns of fluid flow in the Wilcox Group in the region. A 

statistical evaluation of log parameters was done to provide 

information required for interpreting older logs in the region. 

Most of the study area is located between the northern and 

southern Louisiana salt dome basins, and there is a general lack 

of significant structural deformation. The two discrete sand 

dominated zones in the study area are the Wilcox and the post-

Vicksburg groups. These are stratigraphically separated by the 

predominantly shaly Claiborne through Vicksburg groups, which 

are thickest and shaliest in the southern portion of the study 

area. 

SP-derived salinity profiles on regional cross sections 

suggest two sources of dissolved salt in the pore fluids: the 

northern and the southern salt domes. Dissolved salt may have 

been transported laterally distances exceeding 100 km. In the 

northern part of the study area, pore water salinity progressively 

increases with depth through the entire Miocene-Wilcox 

sequence, implying efficient vertical communication throughout 

this 12,000 foot stratigraphic sequence. Where the Claiborne-

Vicksburg shale sequence thickens to the south, however, there 

X I 



is a marked discontinuity in salinity with depth reflecting 

vertical hydrologic compartmentalization. Calculated pore water 

densities vary little vertically within the post-Wilcox. 

The occurrence of hydrocarbons in the Wilcox of central 

Louisiana may have been controlled by the presence of structural 

highs, La Salle arch, sand distribution in the Holly Spring Delta of 

the lower Wilcox, the major impermeable stratigraphic barrier 

of the Claiborne-Vicksburg shale interval, the areal limitation of 

the Big Shale as a stratigraphic barrier, and the progressive 

decrease in oil viscosity updip to the north. 

X I I 



INTRODUCTION 

The sand-dominated Wilcox Group in central Louisiana has 

produced significant amount of oil and gas in Louisiana with peak 

production, oil in 1971 and gas in 1973 (Independent Petroleum 

Association of American, 1989). Although problems of pore fluid 

migration in hydrocarbon producing areas in south Louisiana have 

been examined in recent years (Manor and Bailey, 1983; Manor 

1984, 1987; Manor et al., 1986; Bennett and Manor, 1987; Manor 

and Sassen; 1990; Bray and Manor, 1990), there has been 

relatively little work on fluid migration in the Wilcox. Recent 

organic geochemical studies have shown that Wilcox oil can be 

differentiated on the basis of composition from other oils and 

that oils both in the updip and downdip Wilcox reservoirs have 

same origin (Sassen et al., 1988; Sassen, 1990). These studies 

further suggest that the sand dominated Wilcox fades in central 

Louisiana has been a possible conduit for a large-scale lateral 

fluid migration of hydrocarbons from south-central Louisiana to 

central- and north Louisiana (Sassen et al., 1988; Manor and 

Sassen, 1990; Sassen, 1990). 

Present subsurface fluids in the Wilcox can presumably 

provide some constraints on the topic, and the regional study on 

subsurface fluid properties will provide a better understanding 

of fluid migration in central Louisiana. For example, 

stratigraphic or areal salinity variations reflect in part the 



degree of reservoir communication between different porous 

stratigraphic units. Pressure regime also reflects the fluid 

transmissibility and can be used to help to determine the 

direction of the fluid flow if suitable measurements are 

available. Temperature and pressure are important parameters in 

calculation of density and viscosity of the pore fluids. The 

resulting density and viscosity are of importance in evaluating 

the driving force and the direction of pore water and hydrocarbon 

movement. 

The purpose of this study is to investigate present pore 

fluid properties in the Wilcox and adjacent sediments and to 

determine if spatial variations in these properties can be related 

to past and ongoing fluid flow and to hydrocarbon occurrences in 

the Wilcox in central Louisiana. Both new and old well logs are 

the primary sources of data for this study. Several new 

techniques were developed to incorporate data from older logs 

into the study. An additional purpose of this study is to provide a 

detailed discussion of calculation procedures for pore water 

properties and to point out practical problems remaining to be 

solved. 

Economically important resources in Cenozoic sediments in 

central Louisiana are oil/gas and lignite particularly in the 

Wilcox Group. This paper will discuss only oil and gas resources. 



STUDY AREA AND GEOLOGY 

Geologic Setting 

Figure 1 shows the study area, which includes portions of 

Franklin, Caldwell, Winn, Natchitoches, Sabine, Grant, La Salle, 

Concordia, Avoyelles, Rapides, Veron, Allen, Evangline, St. 

Landry, Point Coupee, West Feliciana, East Feliciana, and East 

Baton Rouge parishes. Circles show the location of examined 

wells. The term "central Louisiana" will be used in this study to 

refer to the area shown in Figure 1. The hydrocarbon prolific 

region is located in the northern part, and the rest of the region 

is relatively non-productive (Figure 9, 10). Salt domes are 

located in the northern and southernmost portions of the area 

(Figure 2). The southernmost part is in an area of growth 

faulting. The rest of the study area has the following 

characteristics: 1) lack of salt diaprism and the associated 

significant structural deformation; 2) general lack of growth 

faults; 3) dominance of sandstone facies of fluvial-deltaic-

marine origin. 

The distribution of salt domes is of importance for this 

study because the domes are potential sources of salt dissolved 

into pore water. Reported salt domes, including unverified salt 

domes inferred by changes in thickness or facies, are shown in 

Figure 3. Although entire deep seated Louann salt has not been 



shown, Lawless and Hart (1990) showed an interpreted seismic 

section documenting the existence of thin undeformed Louann 

salt in La Salle Parish. 

Stratigraphy 

The regional stratigraphy of the Gulf Coast has been 

summarized by many authors, including Murray (1961) and 

Rainwater (1967, 1968). Most of the Genozoic section in the Gulf 

Coast is composed predominantly of siliciclastic sediments. 

These sediments were deposited in environments ranging from 

fluvial to shallow marine. 

Figure 4 shows the general stratigraphic framework in 

Louisiana. Cretaceous carbonate and clastic rocks are overlain 

by the shale-dominant Paleocene Midway Group. The Midway 

Group is overlain by the Paleocene-Eocene Wilcox sandstones and 

shales. Subsequent units are the shale dominant Claibone, 

Jackson and Vicksburg Groups, which range in age from Eocene to 

Oligocene. These in turn are overlain by post-Vicksburg sand-

dominated sediments, including the Oligocene Frio .Formation. 

Terms such as "Midway" and "Wilcox" have been used in both 

chronostratigraphic and a descriptive-lithostratigraphic sense. 

This paper will use the term Wilcox Group as a lithologic unit and 

the term Paleocene-Eocene as a chronostratigraphic unit. The 
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stratigraphic framework of the Wilcox has been a subject of long 

debate (Durham and Smith, 1958; Fisher, 1961). There are still 

some differences in stratigraphic nomenclature in the literature 

(e.g., A.A.P.G., 1988, Louisiana Geological Survey, 1980, in dealing 

with Carrizo Formation). As noted by Echols and Malkin (1948) 

and by Nunn (1986), the lower boundary of the Wilcox Group as 

defined by lithologic or log chracteristics is not always 

consistent with paleontological data. 

Stratigraphic subdivisions of the Wilcox Group have been 

based primarily on outcrops. Several local subsurface 

subdivisions or horizons exist in the literature (e.g., Shreveport 

Geological Society, 1945, 1961). However, regionally 

correlatable subdivisions are rare (Figure 6). One, probably the 

only possible regional subdivision of the subsurface Wilcox Group 

in the study area, is an upper and lower Wilcox separated by the 

base of the Big Shale (Galloway, 1968; McCulloh and Eversull, 

1986), which is a widely traceable shale marker (Figures 5 and 

6). Stratigraphic work using planktonic microfosils is rare in 

this study area. Nunn (1986) and Glawe (1989) reported 

planktonic foraminiferal assemblages as well as the 

stratigraphic positions mostly on the upper Wilcox. Both 

paleontologic (Glawe, 1989) and lithologic data (Lawless and 

Hart, 1990) suggest the Big Shale is transgressive in origin. 
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Lithofacies and Depositional Environment 

The Wilcox Group is dominated by sand in central Louisiana. 

A vast influx of clastic materials that now comprise the Wilcox 

Group was supplied to the Gulf Basin during the Eocene as a 

result of uplift initiated in late Paleocene time of the 

Cordilleran system in northern Mexico and the Rocky Mountain 

area. These clastic sediments have a maximum thickness of 

23,000 ft (7,000 m, the entire Eocene) in south Texas with lesser 

thicknesses to the northeast and east. As with the Eocene, the 

overlying Oligocene section is thicker and more sandy along the 

Texas coast than in Louisiana. (Fails, 1990). 

Echols and Malkin (1948) and Galloway (1968) named a 

deltaic sandstone body widely developed in the lower Wilcox as 

the Holly Spring Delta System, which is characterized by thick 

sand thickness and a large number of lignite beds. Maximum 

progradation occurred during deposition of the middle to lower 

parts of the delta system (Galloway, 1968). The deltaic system 

resembles to the Rockdale delta in Texas, though the thickness of 

the Holly Spring Delta is about half that of the Rockdale Delta. 

The lower Wilcox has been described as a high constructive delta 

system (Fisher, 1969). The upper Wilcox in Texas has been 

described, on the other hand, as a wave dominated, high-

destructional delta system (Fisher, 1969). However, there is no 

systematic study of the upper Wilcox in Louisiana. 
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The Big Shale marker bed is traceable over most of the 

study area. However, the thickness of the Big Shale varies 

greatly and the areal extent of the Big Shale where it is more 

than 20 feet thick is limited. The Big Shale cannot be identified 

in the northern updip part of the Wilcox. The Big Shale overlies a 

channel fill-type shale called the "anomalous shale" in Avoyelles 

and St. Landry Parishes (McCulloh and Eversull,1986). Lowry et 

al. (1986) has called this channel the St. Landry Canyon. 

The Wilcox becomes progressively shaly, and more marine 

in character, down dip to the south. The downdip Wilcox rapidly 

thickens basinward across numerous growth faults (Galloway, 

1968). 
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Pore Fluid Characteristics 

Pore fluids as discussed here refer to mainly pore waters 

at depth unless specified. This water is sometimes called 

formation water, subsurface water, brine, interstitial water, 

connate water, and oilfield water. Some terms are genetically 

related to the proposed origin and some are not. The definition of 

each term is relatively clear. However, many of these terms are 

loosely used or misused. Here the term pore water, having no 

genetic meanings, will be used to avoid confusion. 

Available information on pore waters in central Louisiana, 

including their chemical composition, salinity, density, and 

resistivity (Hawkins and Moore, 1956a,b; Hawkins et al., 1963a; 

Collins, 1975; Pettijohn et al., 1988) is rather sparse 

considering the active hydrocarbon exploration/development 

history in this region. The above listed references cover many 

Wilcox reservoirs, which the major hydrocarbon producing zone 

in central Louisiana. Chemical analyses in Hawkins et al. (1963a) 

clearly show that pore waters in the Wilcox reservoirs are 

sodium chloride dominant (Table 1). 
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Table 1. Examples of chemical compositions of pore water 
from the Wilcox reservoirs (from Hawkins et al., 
1963a; concentrations in mg/L). 

Field Ca Mg Na HOC^ SO4 01 IDS 
Big Bayou 2,390 680 44,901 220 27 75,300 123,518 
Catahoula Lake 1,620 590 36,471 177 30 60,700 99,588 
Fairview 2,000 400 45,400 426 0 74,500 122,726 
Joyce 232 146 12,093 423 5 19,219 32,118 
Nebo-Hemphill 1,770 580 36,274 366 60 60,500 99,550 
Olla 1,071 339 25,479 39,336 66,225 
Saline Lake 2,740 620 51,295 378 44 85,500 140,577 
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Economic Geology 

Oil and Gas Production 

Oil and gas exploration in the Wilcox is unlike that of the 

post-Eocene sequence in the Louisiana Gulf Coast because much 

of the productive territory of the Wilcox is outside the area of 

typical salt-basin tectonics. Productivity of the Wilcox Group is 

spatially erratic and the exploration history has been variable 

(Owen, 1975). Figure 9 and 10 show the Wilcox production trend 

and the distribution of oil and gas fields in the study area, 

respectively. 

Oil and gas producing intervals within the Wilcox Group 

occur from the top to the lower portion. The first discovery of 

the commercial Wilcox oil field was in the Urania Field, whose 

producing interval is the top of the Wilcox Group. The upper part 

of the lower Wilcox as well as uppermost part of the Wilcox have 

produced oil and gas (Shreveport Geological Society, 1945; 1951; 

1958; 1961; 1963; 1980). Production from uppermost Wilcox 

includes the Colgrade, Cross roads, Gurry, David Haas, Eola, Epps, 

Holly Ridge, Joyce, Lake St. John, Little Creek, Rogers, Salt, 

Selma, Tullos-Urania, West Catahoula Lake, West Searcy, and 

Zenoria fields (Nelson, 1963) in central Louisiana, and Lockhart 

Crossing field in south east Louisiana (Self et al., 1986). Within 

the updip Wilcox trend, the area from La Salle Parish across 
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eastern Louisiana has many stratigraphic traps caused by 

sandstone pinchouts associated with channel sand deposition 

(Landes, 1970). At least ten sandstones in the upper part of the 

Wilcox have been found to be productive in various fields (Landes, 

1970). Other examples of sedimentologically controlled oil 

production around the study area have been documented by Craft 

(1966) and Galloway (1968). 

Appendix 4 summarizes the stratigraphic positions, 

producing local sand name if available, producing depth of the 

Wilcox oil and gas reservoirs, and cummulative production of oil 

and gas in the study area. The amount of produced hydrocarbons 

from each reservoirs is not available. The lists in Appendix 4 are 

arranged alphabetically by both fields and parishes. 

Oil and Gas Source Rocks 

Recent information on oil characterization and source rock-

oil correlation (Sassen et al. 1988; Walters and Dusang, 1988; 

Manor and Sassen, 1990; Sassen, 1990; Wegner, et al., 1990) have 

shown that Wilcox oils can be differentiated on the basis of 

composition from other oils, such as those from the Smackover 

or Tuscaloosa (Figure 11), and that the Wilcox oil has been 

generated from Wilcox source rock shales located in south 

Louisiana where the Wilcox shale has reached a thermally mature 



20 

stage. Oils within the Wilcox Group, both updip and downdip, 

have same oil characteristics, which suggesting the same source, 

Manor and Sassen (1990) documented not only these organic 

geochemical findings but also possibility of large scale lateral 

migration of both hydrocarbons and pore waters. 
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Figure 9. Oil and Gas fields and production trends in 
Louisiana (oil and gas field map: originally 
Stanfield et al., 1981, adapted from Kniffen and 
Hillard,1988; production trend: Landes, 1970). 
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MATERIALS AND TECHNIQUES 

Stratigraphic correlations, sandstone percentages, 

temperature, pore water salinity, and pressure were determined 

using 323 well logs (Figure 1; Appendix 3). The reasons for the 

use of well logs as the primary source of data include their 

vertical continuity, almost uniform format, ready availability, 

and broad geographic coverage. The basic log combination 

available in the study area is SP (called also as spontaneous 

potential, spontaneous polarization, or self potential) and 

resistivity. 

Basic algorithms for determining fluid properties of 

sodium chloride solutions have been developed by Bateman and 

Konen (1977), Bateman (1985) for salinity, and Phillips et 

al.(1981, 1983) for other fluid properties such as in situ fluid 

density, viscosity, and thermal conductivity, respectively. 

Information required for the calculation of pore fluid properties 

is usually recorded on log headings, however, some parameters 

are sometimes missing or poorly controlled. In addition because 

many wells were drilled in 1940's and 50's in northern central 

Louisiana, some of the parameters required for evaluating fluid 

properties were not available when these older logs were 

recorded. Several statistical investigations were carried out as 

part of this study to overcome these problems. A spreadsheet 

program which works on a microcomputer was developed using 

24 
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modifications of the above mentioned algorithms (Figure 15; 

Appendix 1). 

Although most of the calculations were done specifically 

on the Wilcox Group, additional sediment and fluid property 

calculation were performed on entire available sections of wells 

on four regional cross sections in order to obtain a general view 

of the spatial variation of salinity of pore waters in the study 

area (Figure 12). 
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Log Correlation 

The stratigraphically deepest unit considered in this study 

is the Wilcox Group. Stratigraphically shallower sections will 

simply be called the post-Wilcox. The Wilcox Group top was 

picked at the first negative BP deflection, the base was picked 

essentially at the base of the continuous sandstone section 

(Figure 5). Figure 30 shows the structural contour map at the top 

of the Wilcox Group in 1,000 ft contour intervals. Figure 31 

shows the isopach map of the Wilcox Group. Correlation of the 

base of the Big Shale was also attempted for the wells on the 

four regional cross sections. 

Sandstone Percentage from SP Logs 

Shale base and clean sand lines were drawn assuming that 

entire sections consist only of siliciclastic rocks. These lines 

were drawn as straight as possible with depth without having 

frequent oblique changes. The sandstone percentage was 

determined by midpoints between the shale base and clean sand 

lines. The sandstone percentage was determined within every 

100 ft interval for whole sections of the wells on four cross 

sections subtracting the elevation of the Kelly Bushing (KB) and 

starting at a datum of mean sea level. Several trials assured 
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that the exact position of the shale base or clean sand line is not 

so sensitive in sandstone percentage determination for this 

regional study, because the tangent of the SP curves is usually 

steep relative to depth. The results are shown graphically on the 

sections A-A' through D-D' (Figures 32-35). 

Because stratigraphic subdivision of the Wilcox Group in 

the entire study area is difficult, two arbitrary but convenient 

stratigraphic divisions, one from 0 to 1,000 ft from the top and 

the other from 0 to 1,000 ft from the base of the Wilcox Group 

were used. Sandstone percentages of both the upper 1,000 ft and 

the lower 1,000 ft intervals of the Wilcox Group were 

determined and plotted on maps individually. When the well did 

not reach to base of the Wilcox but close to the base, the position 

of the base of the Wilcox in the well was assumed from adjacent 

wells and the isopach map of the Wilcox (Figure 31). Those maps 

give general idea of the areal distribution of sand within the 

upper and lower Wilcox, although the subdivision does not follow 

rigorous stratigraphic nomenclature. 

Temperature 

Measured bottom hole temperature (BHT) data are recorded 

on most of the log headers. The temperature data were utilized 

in salinity calculations using SP values recorded under those 



29 

temperature conditions. In general these temperature values are 

less than true equilibrated temperatures because of cooling 

effects by circulating mud. True bottom hole temperature is 

necessary to calculate in-situ pore fluid properties. Kehle 

(1971, cited by Jones, 1975) provides an empirically derived 

temperature correction curve as a function of depth. The 

temperature correction value, AT in °F, is described by the 

following quadratic equation: 

AT = -0.265 r D 
1000 -11.7 2 + 33 (1) 

where D is depth below sea level in feet in positive values. 

This correction might be the best method applicable in the 

study area; however, some apparent discontinuities in 

temperature might occur between different measurement 

operations (e.g., between run #1 and #2) even after the 

correction is made because this equation cannot account for 

individual circulation times and the time after circulation 

stopped (e.g.. Figures 28 and 29). 

Pore Fluid Pressure and Geostatic Ratio 

Pore fluid pressure is an important parameter in evaluating 

fluid movement. Five major sources of pressure data are 1) 

direct measurement by wireline testing or production testing, 2) 
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estimation from drilling mud weight, 3) estimation from shale 

resistivity, 4) estimation from shale transit time, or 5) 

estimation from shale density of cuttings or shale density on 

density logs. In the Gulf Coast, with limited number of logging 

tools, pore pressure is often estimated from shale resistivity by 

the methods of George (1965), Ham (1967), Hottman and Johnson 

(1965), McGregor (1965), or from mud weight. Pore fluid pressure 

from mud weight is given by: 

Pressure[MUD] = Mud Weight x 0.052 x Depth (2) 

where pressure is in psi; mud weight is in lb/gal; the coefficient 

0.052 is in in^ft; and depth is in feet. The resulting pore pressure 

from the mud weight method provides slightly higher values than 

actual pore pressures as a result of the usual practice of 

weighting mud to avoid underbalanced conditions. In studies in 

south Louisiana, so called George graph (George, 1965) has been 

provided a good approximation of pore fluid pressure or geostatic 

ratio. For convenience, simple equations have been derived here 

with some assumptions (Figure 13; see Appendix 2 
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Figure 13. Reconstructed George graph for estimation of 
pore fluid pressure from shale resistivity (see 
derivation in Appendix 2) 
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for derivation). If the test equation, 5000*(Rsh-0.1)/D -0.465, 

yields a positive value, equation (3) was applied; if the test 

equation yields a negative value, then equation (4) was applied, 

respectively; 

_5000(Rsh-0.1) 
Gs — Q (3) 

^ -20000(Rsh-0.1) 
3^80 

where Gs is the geostatic ratio (dimensionless); Rsh is shale 

resistivity in Q-m. When combinations of shale resistivity 

values and depth were out of range on the George graph, in other 

words, the calculated geostatic ratio is more than 1.0, pore 

pressure and the geostatic ratios were estimated from mud 

weight profiles instead. 

Salinity Estimation from BP Logs 

SP Log 

SP logs are of primary importance in this study because 

they are the primary source of information on salinity and 

salinity-dependent pore fluid properties. SP logs are the oldest 

downhole measurement and have been used most extensively 

among the numerous logging tools. Allaud and Martin (1977) 
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provide an excellent review of the development of logging 

devices and log interpretation. There are two ways of utilizing 

SP logs: in non-quantitative and quantitative applications. Non-

quantitative uses includes permeable/impermeable bed 

detection, sand/shale distinction (although a contact logging 

device is more preferable for this purpose), gas/oil/water 

contact detection, correlation, and depositional environment 

interpretation. These uses depend on the shapes of the SP curves 

rather than their absolute deflection. Sedden (1984) discussed 

on the validity of non-quantitative use of SP logs. The 

quantitative use includes estimation of salinity of pore fluid and 

the estimation of shale volume in permeable beds. Several 

problems with the quantitative use of SP logs, particularly old 

logs, have been addressed. For example, possible errors in SP 

logs of pre-1955 vintage have been attributed to the insufficient 

impedance and stability of the voltmeter (Hallenburg, 1984). 

A number of theoretical discussions have been made on the 

SP response. There is general agreement that the SP curve 

consists of two major components: the electrochemical and 

electrofiItratjgji.^o^' streaming) components. The 

electrofiltration component is usually negligible. However, this 

component must be considered on the calculation of pore water 

resistivity tHailmburg, 1984). This study did not take into 

account for the electrofiltration potential because of 

unavailability of suitable sets of Rt-Rxo data. 
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The electrochemical potential is of primary importance in 

salinity calculation. The primary source of the electrochemical 

component is formed by different ionic mobilities when two 

solutions having different ion activities are in contact and the 

system tries to restore equilibrium through ionic diffusion. The 

conventional calculation procedure of pore water salinity from 

SP logs can be expressed as follows (Doll, 1948; Bateman, 1985): 

^ ,, , aw . Rmfe „ , Rmf EC = SSP = -KG log — = -Kc log » -Kc log (5) 

where: Ec = potential of the cell in millivolts 

SSP = static SP In millivolts 

aw = activity of the pore water 

amf = activity of the mud filtrate 

K = 61 + 0.133T or 70.7(460 +T)/537 

T = formation temperature in °F 

Rmf = mud filtrate resistivity at formation 

temperature in Q-m 

Rw = pore water resistivity at formation temperature 

in Q-m 

Small letter e refers to effective or equivalent. An 

algorithm relating and Rwe and Rmfe is shown in Figure 15. SP 

readings picked from well logs for salinity calculations will be 

called simply SP deflection later on, which is assumed to be 

close to SSP. The recorded SP deflection is generally smaller 

than the true SSP, particularly in thin and highly resistive beds. 
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In order to compare pore water, mud, and mud filtrate 

resistivities conversion of them to a relevance temperature is 

necessary. A widely used relationship of between fluid 

resistivity and temperature for sodium chloride solution is given 

by the following equation, which first appeared in Schlumberger 

Chartbook ( Hilchie, 1984), : 

T1 +6.77 
R(T) = R1 T+6.77 ^ ' 

where R(T) is fluid resistivity measured at temperature T; R1 is 

the fluid resistivity at the desired temperature T1. At 75°F, 

resistivities of water, mud, and mud filtrate are designated by 

Rw75, Rm75, and Rmf75, respectively. Another approximation of 

resistivity-temperature relation has been proposed by Hilchie 

(1984): 

R(T) = R1^ ^ 

where X = 1 0 (-0.340396logR1 + 0.641427) (8) 

The second method provides a more accurate approximation of 

the resistivity-temperature chart on Schlumberger's chartbook, 

particularly at high resistivity (low concentration of 

electrolyte) and high temperature conditions. Because the two 

methods give little difference over most of resistivity range 

encountered in this study, however, the former conventional 

method was used. 
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When fluids are sodium chloride solutions, the relation 

between salinity and resistivity (Bateman, 1985) can be 

expressed by: 

3.562-log(Rw75-0.0123) 
0.995 

ppm (NaCI) = IQx (10) 

In central Louisiana the resistivity of pore water of the Wilcox 

reservoirs (Hawkins et al, 1963a) shows that the assumption 

that the pore waters are essentially sodium chloride solution is 

appropriate (Figure 14; Table 1). 

As a verification of the SP derived salinity, other methods 

of estimating salinity or Rw are also available. Logan (1961) 

tested several existing methods of estimating of electrical 

conductivity from chemical analysis of solution statistically and 

proposed a new empirical method. His work includes an 

evaluation of Dunlap and Hawthorne (1951). Desai and Moore 

(1969) also described an alternative method for estimating the 

equivalent concentration of sodium chloride solution from 

chemical analysis. 

The overall salinity calculation algorithm based on Bateman 

(1985) and employed in this study is summarized in Figure 15. 

The sensitivity analysis on the salinity calculation algorithm of 

Bateman (1985) was performed (Figure 16) at approximately 100 
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from Wilcox reservoirs and sodium chloride 
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Figure 15. Salinity calculation flow chart (added to Bateman, 
1985). 
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millivolts SP deflection, which is very common within the total 

SP deflection range, using three parameters: SP deflection, 

bottom hole temperature, and mud filtrate resistivity. The 

measured temperature of mud filtrate resistivity can be 

substituted for mud filtrate resistivity because one is reciprocal 

of the other (Eqn. 6 ). The examined range of sensitivity was ± 

25%. Calculated salinity is most sensitive to the SP deflection. 

Bottom hole temperature is least critical of the three. However, 

an error in mud and mud filtrate resistivity measurement may 

sometimes exceed this sensitivity range due to inadequate mud 

samples and/or poorly controlled measurements. Typographical 

mistakes or information recorded on a wrong column or in wrong 

order on the log header, as was encountered in several wells in 

this study, can result in errors of serious magnitude. 

An entire review of SP quality is beyond the scope of this 

study. However, it should be noted that several unavoidable 

factors can affect SP quality significantly. Several articles have 

addressed on the factors which affect SP quality (Bateman, 

1985; Hallenburg, 1984; Johnson, 1970; Pirson, 1963; Roy and 

Saha, 1975; Segesman, 1959; Tabanou, 1988). For instance, 

factors affecting the electrochemical potential include chemical 

and mineralogical composition of sandstones, the composition 

and concentration of salts in solution filling the pore space, 

degree of saturation with electrolyte, density of the rock, grain 
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size of the rock, cation-exchange capacity (CEC) of the shale, and 

salinity of the mud (Hallenburg, 1984). 

Practical problems in determining shale base lines in this 

study arose when logging operations were carried out only within 

the sandstone dominant intervals or over very short depth 

intervals. Other problems encountered included obvious shale 

baseline shifts (Figure 17 A-D) and marked oblique shale 

baselines (Figure 17 E). These shifts have been explained by the 

temperature shifts in the hole and the change of electrode 

potential by irregular tool movement (Hallenburg, 1971; 1984), 

change in membrane properties in shale and shaly sands (Smits, 

1968), and large variations of salinity of pore fluids (Pied, 

1966). However, the cause-and-effect in specific cases and the 

quantitative treatment are uncertain. 

Another practical problem is uncertainty of applicability of 

the above mentioned conventional salinity calculation procedures 

in geopressured reservoirs. Salinity estimations using the 

conventional method has a poor correlation against measured 

salinities taken from reservoirs under geopressured conditions. 

Some correction methods have been proposed (Dunlap and 

Dorfman,1981; Morton et al., 1981; Silva and Bassiouni, 1981; 

1983); however, no acceptable method has yet been established. 
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LOGS ARE NOT TO SCALE 

Figure 17. Schematic patterns of SP line shift. 
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Parameters Required for Salinity Estimation from SP 

Logs 

Parameters required to calculate pore fluid salinity are SP 

deflectionj,_,®ud^iLlltate.,,xe measured 

temperature, jn^lhe^lam the SP ^ 

However, no Rmf measurement data are available for wells 

drilled before around 1957. In addition mud data or temperature 

data are sometimes either not recorded on well log headings or 

poor of quality. Hence, a statistical investigation was made as 

part of this study to compensate for the lack of required 

calculation parameters on some of the logs. 

SP Deflection 

As seen in previous section the SP deflection is a sensitive 

parameter for salinity calculations. Responses of a 10 percent 

difference of SP deflection will result in a 10 percent difference 

in calculated salinity (Figure 16). Hence, we have to be careful in 

drawing shale base lines and even in changing of the actual grid 

width of the SP track due to expansion or shrinkage of the paper. 

One of the important correction factors is the bed 

thickness correction. Original work by Doll (1948) and revised 

methods by Seggesman (1962) provide correction in terms of bed 
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thickness. Atlas Wireline Services (1985) provide an equation 

accompanied with a slightly different chart for bed thickness 

correction derived from Schlumberger's chart created by Doll and 

Seggesman. However, we have no data to evaluate the original 

work done by Doll (Tabanon et al., 1988). In this study the 

equation in Atlas Wireline Services (1985) was applied. 

However, due to a nature of this equation, even a negative 

correction will be made in some range of data sets (Figure 18). 

To avoid this negative correction, additional checking steps were 

added to the salinity calculation algorithm (Figure 15; Appendix 

1). 

To further check SP quality, SP shape was classified into 

three types, cylindrical, funnel, and bell, besides a qualitative 

ranking designated by A through C. Rank A refers to a SP 

deflection in at least 30 ft thickness of sand with no distinct 

shale intercalations. Rank B refers to SP deflections in more 

than 30 ft thickness with distinct shale intercalation, or SP 

deflection having less than 30 ft but more than 10 ft of sand 

without distinct shale intercalations. Rank C refers to SP 

deflections in sand thickness between 30 and 10 ft but with an 

unclear upper or lower boundary. All the results of the salinity 

calculations were plotted on a graph for each well. 

In reading SP deflection, it has been a problem how often 

and where to pick the points. The working principle applied here 

was simply to read wherever the sandstones whose SP were well 
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deflected, and clean sand lines ran approximately parallel to the 

shale base lines. No further rigorous definition of the criteria 

for selection of sandstone points was made. 

Bottom Hole Temperature 

Figures 38 and 39 are a plot of 617 measured values of 

bottom hole temperatures from 301 wells out of the 323 wells 

used in this study. Figure 38 represents the data of eleven 

northern parishes. Figure 39 represents the data of eight 

southern parishes. Temperatures were estimated using these 

figures when measurements were not available on the well log 

headings. As discussed in the preceeding section, bottom hole 

temperature is least sensitive among the three parameters 

tested for effects on calculated salinity from SP. As a result the 

estimated temperature from Figures 38 and 39 gives an 

acceptable approximation. 
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Rmf Estimation 

Rmf has been measured since approximately 1957. Because 

many wells in the study area were drilled before this year, a 

statistical relation of Rm versus Rmf was determined as part of 

this study. More than 400 paired values of Rm and Rmf recorded 

on log headings were taken from four townships. To examine 

north-south geographic effects, four townships were chosen in 

study as shown in Figure 19 and Table 2. In addition, the 

dependence of Rm-Rmf relations on mud weight and year of 

measurement were also investigated. 
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Table 2. List of Rm-Rmf relation survey. 

Township Parish No. of wells No. of data No. of 

checked (w/ Rmf) erroneous data 

T7NR3E La Salle 416 214 8 

T4NR4E Avoyelles 159 139 3 

T3NR4E Avoyelles 33 33 2 

T4SR4E St. Landry 91 65 10^ 

Total 699 451 23 
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T7NR3E 

Figure 19. Location of four townships selected for mud 
properties investigation. 
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Figure 20. Relationship of mud and mud filtrate resistivity 
at 75°F in the four study townships. 
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Approximately a half of wells in T7N R3E do not have Rmf 

data because these wells were drilled before 1957. For the 

purpose of comparison, each measurement was converted to 

values at 75°F. The erroneous data in Table 2 refers to data that 

have higher Rmf75 values than the corresponding Rm75. These 

erroneous values were eliminated prior to the further data 

processing. The reasons of the erroneous mud data presumably 

include typographical mistakes and inadequate mud sampling, for 

example, mud taken from mud pit Instead of the flowline. It is 

likely that sudden changes of log heading format and 

inappropriate format of the headings were responsible for some 

of the erroneous data. 

As shown in Figure 20, Rmf75 has a linear relation with 

Rm75, so an expression of the form Rmf = aRm+b is possible, 

where a and b are constants. The intercept b is close to zero, and 

the slope a varies from 0.76 to 0.86 on plots for each of the four 

parishes. There is no clear north-south trend. The overall Rm-

Rmf relation for 428 (451 minus erroneous 23) data is given by, 

Rmf75 = -0.6400E-2 + 0.81172Rm75 (11) 

There are some low Rmf75 values compared to the Rm75 

counterparts. The lower five percent of the Rmf75/Rm75 ratios, 

with the Rmf75 approximately less than 0.628Rm75, are 

considered to be errornous. The merged 428 data were then 

divided into four groups by mud weight, Pm (Pm < 9.5 and Pm > 9.5 

lb/gal) and by recorded year (1957-1974 and 1975-1990) to 
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examine further the cause of variations (Figure 21a-d). If we can 

assume there is a definite Rm-Rmf relationship, it seems we can 

relate the deviations to possible causes although it is not 

possible to conclude a single cause of the deviations. For 

example, larger deviations of the Rm-Rmf relation of lower 

weight muds (Figure 21a) can be attributed to errors in 

measurements as a result of the less conductive nature of mud 

and mud filtrate. Large deviations of Rm-Rmf relationship with 

in the measurements of 1975 through 1990 can be attributed to 

either use of wide variety of different kind of muds or errors in 

measurements. 

Williams and Dunlap (1984) noted that Rmf and Rm values 

recorded on log headings are sometimes inaccurate compared to 

daily measurements of Rmf and Rm. Additional causes and 

effects of some erroneous fluid resistivity measurements have 

been discussed by Moore and Kaufman (1981). 
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Other methods for estimating Rmf from empirical Rm-Rmf 

relations have been reported. One uses mud weight, Pm, and Rm 

(Lowe and Dunlap, 1986), another uses Rm and a coefficient 

related to Pm (Overton and Lipton, 1958), and both yield similar 

values of Rmf in the overlapping range. However, both have 

limited range of applicability, and the Rm and Pm relation has 

only a weak correlation in this study area (Figure 22). Hence 

these methods are thought to be inappropriate in this area. 

Density and Viscosity Calculations 

In situ pore fluid density, viscosity, and thermal 

conductivity were calculated from algorithms of Phillips et al. 

(1981, 1983) with several modifications. All the calculated 

results of were plotted against depth individually for each well, 

Densitv 

An equation in Phillipps et al. (1983) was used to calculate 

in situ fluid density. They derived fluid density equation 

empirically. The general form of the fluid density equation is 

d=:A + Bx + Cx2+ DX3 (12) 
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where d is density in g/cm^, x is a function of moial 

concentration of solution, temperature is in °C, and pressure is 

in MPa. A through D are constants. The same equation in Phillips 

et al. (1981) has a typographical mistake in the value Ci 

(Phillips,1990, written communication). The effect pressure on 

the density equation is minimal (Table 3, Figure 23), so pressure 

value was fixed at 1 bar (0.1 MPa) in these calculations although 

maximum pressure within the Wilcox Group is approximately 

1000 bars (100 MPa). As a result the calculated in situ density 

is a function of temperature and salinity. This equation is quite 

useful because of its wide application range, i.e., 0 to 350 °C and 

0 to 5 molal. As noted by Manor et al. (1986); however, serious 

deviations occur at low temperatures and salinities compared to 

actual water density (Figure 24). 



Table 3. Sensitivity in in situ fluid density calculations 
using the Phillips et al. (1983) equation. 
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MOLALITY PRESSURE TEMPERATURE 
1 bar 1 molal 1 molal Temp. 1 molal 
25°C 25°C 100°C 1 bar 

mol d MPa d d d 
0 1.0128 0.1 1.0388 0.9866 0 1.0548 

0.5 1.0261 1 1.0389 0.9867 10 1.0484 
1 1.0389 10 1.0394 0.9873 25 1.0389 

1.5 1.0512 20 1.0399 0.9880 50 1.0224 
2 1.0634 30 1.0405 0.9886 75 1.0052 

2.5 1.0757 40 1.0410 0.9893 100 0.9867 
3 1.0880 50 1.0416 0.9900 125 0.9666 

3.5 1.1008 60 1.0421 0.9906 150 0.9447 
4 1.1141 70 1.0427 0.9913 175 0.9204 

4.5 1.1280 80 1.0432 0.9919 200 0.8936 
5 1.1429 90 1.0438 0.9926 

100 1.0443 0.9933 
150 1.0471 0.9965 
200 1.0498 0.9997 
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Viscosity 

The method used in Phillips et al. (1981) was used to 

calculate viscosity of pore fluids. Their equation gives a 

correlation equation of sodium chloride fluid viscosity, n, 

normalized to the viscosity of pure water, nw. The general form 

of the equation is; 

n/nw = 1 + am + bm^ + cm3 + dT(l-ekn^) (13) 

where a, b, c, d and k are constants; m is molal concentration of 

sodium chloride solution; and T is temperature in °C. 

The viscosity equation for pure water developed by Watson 

et al. (1980) and used in Phillips et al. (1981) is so complex that 

it is not suitable for practical use. Hence an alternative 

approximation of water viscosity was derived from data of 

Vargaftik (1975). Because effect of pressure on viscosity is also 

minimal (Figure 25), the viscosity of pure water, nw, can be 

represented by a polynomlnal regression as a function of 

temperature (Figure 26): 

nw = 1.7392 - (4.9112E-2)T + (7.5121 E-4)T2 

- (6.1993E-6)T3 + (2.5565E-8)T4-

(4.1092E-11)T5 (14) 

where T is temperature in °C. 

Results using this equation give an acceptable match with 

Phillips et al. (1981), particularly in low temperatures and 

salinities, and slight deviations at high temperatures and 
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salinities. For example, there is a 9.3 percent maximum 

difference between the two at 200°C and 4 molal sodium chloride 

(Table 3). 

Validation Limits of Calculated Data 

Validity of the calculation results are totally dependent on 

SP and other parameters available on the log headings. 

Comparison with measured water salinity demonstrates that the 

calculated salinities are valid to the depths of at least 6000 ft. 

Because deep sections were drilled out within one casing 

schedule in many wells, the parameters used in the salinity 

calculations were valid up to far deeper than 6000 ft. Since 

most water production associated with hydrocarbon production 

or bottom hole testing is limited to shallower sections, 

verification with directly measured data is not possible at this 

moment. 

As seen in the section on sensitivity analysis of SP derived 

salinity calculation, miscellaneous shale baseline shifts are 

usually within ±10%. A far more serious error in this calculation 

is brought by mostly man-made mistakes concerning calculation 

parameters. 

Pore fluid properties calculated from the salinity results 

also be affected by calculation parameters such as bottom hole 



62 

temperature and its correction method. Reliability of the 

recorded bottom hole temperature is of importance in 

quantitative interpretations of fluid density and viscosity, 

particularly when stepwise temperature measurements were 

performed over the interval of interest. Rigorous quantitative 

evaluation on in-situ pore fluid density and viscosity is not 

available in this study. A more reliable equation for in-situ 

density calculation is desirable to provide better values at low 

temperatures and salinities. 
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RESULTS 

Lithology 

Four regional cross sections A-D show SP derived sand 

percentage bar charts (Figure 32-35). Although individual 

sandstone beds cannot be resolved as a result of averaging over 

every 100 feet, these sections still represent a general view of 

regional distribution of sand and shale. Stratigraphic division on 

the sections is from cross sections published by Louisiana 

Geological Survey (Bebout and Gutierrez, 1982, 1983; Eversull, 

1984). There are two sand dominant zones; one is the Wilcox 

Group, the other is post Vicksburg Group which includes the Frio 

Formation. In the southern half of the study area, a thick shale 

dominated zone separates the two sand dominant zones. 

Within the Wilcox Group, a distinction of upper and lower 

units can be made. In contrast to the upper part of the Wilcox 

Group, the lower part of the Wilcox is more sand dominant, as 

expected from the raw log profiles (Figures 5 and 6). Shape of 

the sand percentage contours and position of sand rich lobes 

closely resemble those in the Holly Spring Delta by Galloway 

(1968) (Figures 7 and 37). Maximum sandstone development 

occurs in the middle portion of the lower Wilcox. 
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Temperature 

Raw temperatures from log headers were plotted against 

depth (Figures 38 and 39). Temperature increases progressively 

with depth and the geothermal gradient ranges between 1.0-1.5 

°F/ft. In the southern parishes a shift of temperature gradient is 

observed at 13,000 to 15,000 ft, possively reflecting a change in 

the thermal conductivity in the overpressured, shale-dominated 

section. 

Pore Fluid Pressure 

Because both mud resistivity data and mud weight data are 

sparse, only an approximate estimation of pore fluid pressure is 

possible. Due to the same reason, the lower boundary of the 

hydropressured zone (0.465 geostatic ratio) can not be clearly 

delineated. Pore fluid pressure profiles calculated from mud 

weight (Figure 40) show that the geopressured interval occurs 

below about 13,000 ft, although determination of the exact depth 

for each well is not possible. Pore fluid pressure derived from 

mud resistivity (George graph) provides similar profiles in 

southern most part of the study area (e.g.. Figure 41, 

southernmost well on section A-A'). However, the George graph 

does not provide reliable pore pressure values in most of the 
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area, which is presumably hydropressured. The reasons include a 

lack of thick shales and a lack of clean shale intervals required 

to make the calculations. Many shale resistivity-depth data sets 

plot out of range on the George graph. This makes sense because 

the George graph was originally made derived for south Louisiana 

shales. 

Approximate pore pressures, expressed as geostatic ratio 

contours, were drawn on a cross section A-A' (Figure 42). Only 

the deep section in southernmost part of the study area is 

geopressured (geostatic ratio of 0.7 and above). 
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Salinity 

Stratiqraphic Variations in Salinity 

There is a relatively thin freshwater zone (Smoot, 1988) 

over most of the study area which is not considered in this study. 

Although waters in sediments at time of deposition originally 

contained fresh to marine waters (0-35,000ppm), at the top of 

the sections there is a little saltier (but less than 50,000 ppm) 

water mass with deeper base across central to northern portion 

and shallower base across southern portion of the study area. 

Salinity increases linearly and continuously with depth 

across the entire Cenozoic stratigraphic section in the northern 

part of the study area. With the thickening of the Claiborne 

trough Vicksburg shale units, immediately above the Wilcox to 

the south, however, there is a reversal in salinity with depth and 

the development of two distinctly different salinity regimes 

(Figures 42-45). 

Very little information on salinity within the Claiborne 

through Vicksburg shale zone is available because of lack of 

sandstones. However, salinity calculated for several sandstones 

within the shale dominant zone shows transitional values 

between the overlying and underlying sand dominant zones. It is 

not possible to conclude whether this suggests transitional 

values reflect true salinities or underestimated values due to the 

shaly nature of the units. If the transitional phenomenon is true, 
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it would be likely the result of lateral continuity of the 

reservoir, such as Sparta formation, instead of vertical reservoir 

connection. 

The SP derived salinities were compared to actual 

measured salinities reported in the literature. Salinity profiles 

versus depth of the Wilcox were plotted (Figure 8a, b) using 

analyses of Hawkins et al. (1963). These plots also show a 

simple salinity increase trend with depth. A plot of SP derived 

salinities (Figure 27) matches not only the analytical trend but 

also the magnitude of salinity range. Unfortunately water 

analyses for depths below 6,000 feet are not available for 

comparison. 



83 

c 
o 

< ̂  < s 
c 
O 0 

13 
JC o 
a 
X 

w v_ 
13 
O 

-t—' c 
o 
o 

CO d) 
« ® o 
§3-? 
o).2> w 
0 LL 
^ M— C-S ° 
° >, ® 

JC "O 
0 ^ 

Lm 0 
2 
^'0.1 
-t^ S 
(55 ^ o 
CM 

0 
i_ 
13 
D) 

LL 

0 

w 



84 

CQ 

ihfcJi J /' 

m 
c 
o 
o 
o w 
w w 
o CO o CO 

"co 0 
k_ c 3 o O) 

D) ii a; 
c 

c 
o 

sz 
_0 Q. 

0 
O CT 

0 
>> -4—• 

0 
'c 0 
"cO 0 
CO 0 

CO 

0 v_ 
13 
O) 

LL 

CD 



85 

o 
6 
c 
o 

*-4—» o o (/) 
w (/) , 
o 
v_ o CO 

15 0 
c o O) 
O) LJ_ 
0 

c 
c o >% 

sz 
_0 Q. 

0 
k-o O) 

'•4—' 
0 

-t—• 
W 

E 0 
15 0 
CO 

0 
ZJ 
O) 

O 



86 

Q 
Q 
c 
o 
o o 
CO 
CO 
CO . 
o cfT o CO 

"c5 0 
V-c 3 o O) 

O) LL 
0) 

c o >% 
JC 
Q. 
(TJ 

o _g) 
V-• 
0 

>% -»—< •4—< 
CO 

c 0 
"cc 0 
CO 0 

la 

o v_ 
3 g) 

LJ_ 



87 

Areal variations in Salinity 

Figures 46 and 47 show the areal variation of salinity 

within the Wilcox Group representated by two horizons; top of 

the upper and lower 1,000 ft of the Wilcox Group. At the very top 

of the Wilcox salinity varies from less than 35,000 ppm to more 

than 100,000 ppm. At the top of the lower 1,000 ft of the Wilcox 

it varies from about 75,000 ppm to 150,000 ppm. 

A salinity distribution map for the top of the Wilcox Group 

by Collins (1975, Figure 10.16) is directly correlatable with 

Figure 46 of this study although Collins shows no control and did 

not document how his salinities were derived. In this case 

absolute values and spatial variation pattern show an excellent 

match. Pettijohn et al. (1988) also show the spatial variations 

in salinity at the top of the Wilcox. Their map has very limited 

areal coverage and shows lower salinity range compared to the 

results of this study and that of Collins (1975). Other horizons 

within the Wilcox Group studied by Collins (1975) and Pettijohn 

et al. (1988) cannot be directly compared with this study because 

of the difference of reference horizons. 

The spatial variation in salinity may reflect in part 

lithology. Both salinity distribution maps of the upper and lower 

1000 ft (Figures 46 and 47) and corresponding sand percentage 

maps (Figures 36 and 37) show similar overall appearance. The 

relatively simple appearance of the lower 1000 ft of the Wilcox 
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salinity distribution map suggests greater lateral reservoir 

transmissibility in sand dominated lower Wilcox than in the less 

sand dominant and more irregular variations in total sands in the 

upper Wilcox. 

Anomalously high salinity values were obtained in several 

places in the uppermost part of the Wilcox Group. These points 

do not follow the trend of progressive salinity increase with 

depth. Because these points are not many, one or two points in 

each well, if present at all, these were not included on the 

salinity distribution map of upper 1000 ft of the Wilcox. One 

possibility for these higher salinity values is a difference in 

sandstone composition, reservoir quality, or unconformity 

related to a locally restricted low lateral transmissibility. 

The overall salinity profile within the Wilcox Group can be 

characterized by a progressive salinity increase downdip and 

with depth, with a reversal to lower salinities in the 

geopressured zone (Figure 42). The Big Shale and the anomalous 

shale of McCulloh and Eversull (1986), are apparently not 

impermeable barriers in terms of salinity distribution. 
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Variations near Salt Domes 

Local effect of vicinity of salt domes on salinity 

distribution in the Wilcox Group is not clear. There are 

somewhat higher salinity values compared to the surrounding 

areas in several areas in the northern part of the study area near 

salt domes in Winn and Catahoula parishes. However, the 

opposite pattern, i.e. lowered salinities, was also seen at the 

southwestern corner of Avoyelles Parish in the southern salt 

dome province. Most of higher salinity anomalies may reflect the 

presence of nearby salt domes or may be possible errors 

attributed to uncertainties in the calculations. Another 

explanation seems possible why pore waters near the northern 

salt dome provinces are not so saline as expected. For instance, 

in Winn Parish there are several shallow salt domes such as 

Winnfield, Coochie Brake, and Cedar Creek (Halbouty, 1979). The 

area is, on the other hand, sand dominant Wilcox and the post 

Wilcox reservoirs also located at relatively shallow. Those 

reservoirs connect well with each other; as a matter of fact the 

salinity increase trend is continuous through those two units. 

The lowered salinity may be the result of mixing with shallow 

meteoric waters in this very sandy vertical sequence, which 

masks the effects of salt dome dissolution. 
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Density and Viscosity 

Figures 28 and 29 shoyv two examples of in-situ density of 

pore fluids on the regional cross section A-A'. In contrast to the 

results of south Louisiana, where there is pronounced density 

maximum at intermediate depths (Manor et al., 1986), there is 

much less systematic variation in density with depth. Some 

wells show the density increase with depth but some do not 

within the post-Wilcox sections. On the other hand, most wells 

show the density increases with depth within the Wilcox Group 

except in the geopressured zone although some are ambiguous. In 

many wells the range of density variations within the post-

Wilcox sections is less than that in the Wilcox. 

Problems in the density results are 1) the Phillips 

algorithm and 2) uncertainty in the temperature data. As 

discussed in the preceeding section, Phillips algorithm yields 

higher density value at low temperature low region, that 

corresponds to currently discussed portion. Again the corrected 

temperature used in the density calculation were not corrected 

in terms of drilling mud circulation time and duration between 

the circulation stopped and recorded the temperature. 

Pore fluid viscosity profile is more like to that in south 

Louisiana ( Manor et al., 1986). That is, the viscosity 
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progressively decreases with depth whereas salinity increases 

with depth (Figures 28 and 29). This situation allows pore fluids 

in deep reservoirs to move readily. 

Possible Fluid Migration Patterns 

Possible Origin of Dissolved Salt and Pore Water Mioration 

The connate waters incorporated into pore spaces at the 

time of sediment deposition have salinities reflecting the 

depositional environment. The connate waters of the Wilcox 

reservoirs presumably had salinities close to that of sea water 

or less initially. Salinities of connate waters of the post-

Wilcox also were thought to be same as in the Wilcox. However, 

prominent progressive salinity increase trends have been 

recognized (Figures 27-29; 42-45). 

Highly saline pore waters observed in Cenozoic sediments 

in south Louisiana has been attributed to salt dissolution from 

salt domes (Bennett and Hanor, 1987; Hanor et al., 1986; Hanor 

and Sassen,1990; Hanor and Workman,1986; Workman and 

Hanor,1985). Hanor and Sassen (1990) postulated that salt 

dissolved from salt domes generated saline pore waters in the 

Wilcox and that dissolution at shallower depth produced density 
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inversions of pore fluid to lead large scale vertical and lateral 

fluid migration. Because both the Wilcox and the post-Wilcox 

units show stratified salinity profiles and linearly increase 

salinity with depth, it seems there are two-fold pore fluid 

evolution separated by the shale dominant zone. In the section 

A-A', 100,000 ppm iso-salinity line shows progressively 

shallowing toward south Louisiana. If the inferred Opelousas 

salt dome, (Dixon, 1965) is true salt dome, it would generate 

saline pore fluid as well as the nearby Port Barre salt dome. 

Hence the mechanism of salt dissolution may be applicable to 

this area. 

Hvdrocarbon Migration 

Considering the organic geochemical constraints, oil and 

gas have presumably migrated laterally from the south through 

the Wilcox Group Sassen et al, 1988). The present distribution of 

oil and gas fields (Figures 10 and 51) reflects a buoyancy-driven 

trapping pattern with a pronounced lateral component because 

there are no major faults which would permit vertical fluid 

transportation. Areal variations in API oil gravity distribution 

(Figures 48 and 49) show progressively viscous oils updip toward 
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the north, which is particularly evident in the uppermost Wilcox 

reservoirs (Figure 50). This situation could have provided 

optimal oil entrapment as a result of progressive decrease of 

viscosity. A similar pattern of progressive API gravity increase 

with depth in Smackover oils in North Louisiana have been 

explained by thermal alteration (Sweeney, 1990). However, 

considering the probable position of Wilcox generation downdip, 

far to the south, biodegradation associated with freshwater 

washing is more likely than thermal alteration. The shallower 

Wilcox has had more opportunity for contact with pore waters 

with bacteria because these shallow waters are more open to the 

atmosphere. Bacteria can metabolize preferentially certain 

types of hydrocarbons. Water washing may preferentially remove 

water-soluble lighter compounds. Both the biodegradation and 

water washing alter oil composition and produce heavier, more 

viscous oils (Tissot and Welte, 1984). 

It should be noted that there are three discrete Wilcox oil 

production trends in the area shown in Figure 48. Among these 

unnamed trends, the direction of a trend running from Avoyelles 

through Winn parishes in the west coincides with the axis of the 

La Salle arch, which has provided an optimal structural high for 

hydrocarbon accumulation. The La Salle arch is the most distinct 

structural element in the relatively featureless study area. 

However, the La Salle arch did not significantly influence 
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localization of depositional facies even though it was in 

existence in Wilcox time (Galloway, 1968). 

Structural dip decreasing to the north as shown in Figure 

30 also has an important role in hydrocarbon entrapment because 

this situation progressively reduces the buoyancy forces acting 

on hydrocarbons. This may particularly be effective along the 

axis of the La Salle arch as suggested from the spacing of 

contour lines (Figure 30). 

Another aspect evident in Figure 51 is control of 

hydrocarbon migration by shale dominant zones. As a first order 

approximation, the post Wilcox shale zone provided a vertically 

sealing barrier which prevented vertical escape of hydrocarbons 

and led them to the final destination within the Wilcox 

reservoirs in northern central Louisiana. Another probable 

barrier was the Big Shale. Although log control appears to be 

insufficient, the northern limit of the thick Big Shale 

distribution seems coincide with entrapment of hydrocarbons at 

the uppermost portion of the Wilcox Group instead of the lower 

Wilcox. Because oil production from the post-Wilcox just above 

the area with Wilcox oil production from the uppermost of the 

Wilcox seems minor (Appendix 4), the shaly zone of the Claiborne 

Group in the northern part of the study area retains an effective 

sealing ability for oil entrapment. Overall appearance of 

stratigraphic position of hydrocarbon pools suggests the 



97 

migration pathway from downdip to updip, which is consistent 

with the pathway suggested by organic geochemical constraints. 

Individual sand packages might have also been responsible 

for local entrapment of hydrocarbons (Shreveport Geological 

Society, 1961; Galloway, 1968). As pointed out by Galloway 

(1968), there are areal trends of selected producing sands of the 

Wilcox reservoirs (Figure 52). 

Finally it will be worth mentioning that an area with 

densely distributed oil fields shown in Figure 52 is located just 

north of a sandstone lobe of the Holly Spring Delta developed in 

the lower Wilcox Group. This sandstone lobe, extended to the 

south (Figure 37), could have been acted as a conduit for 

hydrocarbon migration from the southern Louisiana. 
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Figure 48. Areal variation of Wilcox API oil gravity (data 
from Mason Map Service and International Oil 
Scouts Association, 1990; Office of Conservation, 
1979; map from Stanfield et a!., 1981). 
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Figure 52. Trend map of selected producing horizons of the 
Wilcox reservoirs (data from Shreveport 
Geological Society,1961; Mason Map Service and 
International Oil Scouts Association, 1990; map 
from Stanfield et al., 1981). 
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CONCLUSIONS 

Studies of the lithology, stratigraphy, variations of pore 

fluid properties of the Wilcox Group through Miocene sequence in 

central Louisiana provide information for understanding 

processes and patterns of regional fluid flow. In particular the 

studies in the Wilcox Group can lead to general conclusions on 

hydrocarbon migration pathways and the occurrences of 

hydrocarbon accumulations as well as pore water migration and 

evolution. Salinity, temperature, density, viscosity, and pressure 

regime of pore water were calculated by modifing pre-existing 

algorithms. 

1) Most of the Miocene through Wilcox section in the study area 

is hydropressured. The section below approximately 13,000 feet 

(3960 m) in the Wilcox Group at the southern portion of the study 

area is geopressured. 

2) The SP derived salinities of pore waters of the Wilcox Group 

in central Louisiana correlate well with reported water analyses. 

3) SP derived salinities of pore waters show general increase 

with depth in the sequence of Miocene through the Wilcox Group 

in central Louisiana. 



104 

4) Density contrasts of pore waters in the study area are low 

whereas the distinct vertical variation of densities with the 

maximum at relativelly shallow sections have been reported at 

vicinities of salt domes in south Louisiana. The lesser variation 

of densities in central Louisiana may reflect the actual situation 

or may be attributed to uncertainties in temperature correction 

method and the density equation in use. 

5) The major sources of dissolved salts are most likely salt 

domes in the northern and southern Louisiana salt dome 

provinces. 

6) The sand-dominated lower Wilcox Group allows pore fluid to 

move easily and has resulted in more lateral homogenity in 

salinity compared to salinities in the more shaly upper Wilcox 

Group. 

7) SP derived salinity shows that there is salinity discontinuity 

between the Wilcox Group and the shallower sedimentary section, 

which is particularly well defined at the southern part of the 

study area where shale dominant zone from the Claiborne through 

Vicksburg groups becomes prominent and thickens. These 

patterns suggest the existence of two distinct pore water 

systems, one within the Wilcox and the other within the post-
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Wilcox section, which are separated by the shaly zone. These 

results support large scale pore water migration postulated by 

Manor and Sassen (1990) for the post-Wilcox section, whereas 

the presence of another independent fluid migration path within 

the Wilcox Group is demonstrated in this study. 

8) The shale dominant facies of the Claiborne-Jackson-Vicksburg 

groups apparently have prevented the vertical migration of the 

dissolved salt and hydrocarbon from the Wilcox to the overlying 

sediments. This migration path is consistent with the pore 

water migration path within the Wilcox Group and the 

hydrocarbon migration path (Sassen et al., 1988; Manor and 

Sassen, 1990; Sassen, 1990) suggested by organic geochemical 

data. 

9) The Big Shale has apparently played a major role to lead 

Wilcox hydrocarbons into prolific regions in north central 

Louisiana. 

10) A progressive decrease in oil viscosity, which is clearly 

shown on a plot, due to biodegradation and/or water washing 

could have enhanced hydrocarbon entrapment. 

11) Further understanding of regional fluid flow in the Wilcox 

would be enhanced by additional water analyses of the downdip 
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Wilcox; a more accurate density equation; and temperature 

correction methods which account for cooling effect in individual 

logging operations rather than the overall empirical equation 

currently in use. 

12) Detailed mapping of isopach of the Big Shale and each local 

producing sand will help in delineating individual oil traps. 
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The following lists explain the logic used in the 

spreadsheet program Excel™ working on the Macintosh™. By 

overwriting the basic calculation parameters on a pre-existing 

calculation work sheet, subsequent calculation will be done to 

provide salinity, density, viscosity and so on. In order to save 

time it is recommended to turn the calculation switch off while 

entering the data. Explanation of each nomenclature is given in 

the text. The software described below is copywrighted by M. 

Funayama. 
Data input: 

03 (KB in feet) 
G3 (Surface Temperature in °F) 
Column B6:B10 (Available Rm in Q-m) 
Column C6:C10 (Available Temperature measured for 

Rm, in °F) 
Column 06:010 (Available Rmf data) 
Column C6:C10 (Available Temperature measured for 

Rmf, in °F) 
Column K6:K10 (Available Depth measured Maximum 

Temperature in feet) 
Column L6:L10 (Available Maximum Temperature in 

°F) 
Column A14:A## (Run Number) 
Column B14:B## (Data Top Depth in feet) 
Column C14:C## (Data Bottom Depth in feet) 
Column J14:J## (SP Amplitude in mV, positive 

number) 
Column K14:K## (SP Reliability, Rank A through C) 
Column M14:M## (Ri Readings in Q-m) 

(## refer to the row number of last input) 
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Data Calculation: The following lists are examples of 
calculation logic for logging parameters. 

Rm75 
F6 =:B6*((C6+7)/82) 

Rmf75 
G6 =$D$6*(($E$6+7)/82) 

Adjusted Rmf75 in terms of its validity (see text for 
explanation) 

H6 =IF(D6=" ",-0.064004+0.81172*F6,IF(G6>F6,0.064004+ 
0.81172*F6,IF(G6<0.628*F6,-0.064004+0.81172*F6,G6))) 

Data Calculation: The following lists are examples of 
calculation logic at row number 6, the first calculation row. 

Mid depth 
D14 =(B14+C14)/2 

Top depth of the interval from mean sea level 
E14 =-(B14-$D$3) 

Bottom depth of the interval from mean sea level 
F14 =-(C14-$D$3) 

Mid depth of the interval from mean sea level 
G14 =(E14+F14)/2 

Thickness of the interval 
H14 =C14-B14 
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Bottom hole temperature Interpolated using measured B.H.T. data 
to the interval 
LI 4 =IF(A14="#1",$G$3+(($L$6-$G$3)/$K$6)*D14,IF(A14="#2", 

$L$6+(($L$7-$L$6)/$K$7)*D14.IF(A14="#3",$L$7+(($L$8-
$L$7)/$K$8)*D14,IF(A14="#4",$L$8+(($L$9-$L$8)/$K$9) 
*D14.$L$9+(($L$10-$L$9)/$K$10)'D14)))) 

Rm, mud resistivity at depth 
N14 =IF(A14="#r,$B$6*(104.77/(L14+6.77)),IF(A14="#2",$B$7* 

(104.77/(L14+6.77)),IF(A14="#3",$B$8*(104.77/(L14+6.77) 
),IF(A14="#4",$B$9*(104.77/(114+6.77)),$B$10*(104.77/ 
(L14+6.77)))))) 

Ri/Rm 
014 =M14/N14 

Fsp, bed thickness correction factor if applicable 
P14 =IF(014<5,1,(((4*014+8)'^(1/3.65)-1.5)/((C14-B14)-

(((014+11)/0.65)'^(1/6.05))-0.1)+0.95)) 

Fsp, correction for the above correction factor 
014 =IF(P14<=1,1,P14) 

Corrected SP in terms of bed thickness 
R14 =IF(P14>=1,P14*J14,J14) 

Rmfe/R\we 
S14 =10'^(R14/(60+0.133*114)) 

Rmfel 
T14 =10'^(R14*(-1)/(60+0.133'L14)) 

Rmf75 from column F. 
U14 =IF(A14="#r,$H$6,IF(A14="#2",$H$7,IF(A14="#3",$H$8, 

IF(A14="#4",$H$9,$H$10)))) 
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Rmfe2 
V14 =IF(U14*(82/(L14+7))>0.1,U14*(82/(L14+7))*0.85, 

(146*U14*(82/(L14+7))-5)/(337*U14*(82/(L14+7))+77)) 

Rmfe 
W14 =V14/S14 

Rw75 
X14 =IF(W14>0.12,-(0.58-10'^(0.69*W14-0.24)),(77*W14+5)/ 

(146-337*W14)) 

Rw at depth 
Y14 =X14*82/(L14+7) 

Salinity, NaCI equivalent in ppm 
Z14 =10^^(3.562-10010(X14-0.0123)/0.955) 

Molality 
AA14 =(1000*(Z14/1 0000))/(58.44*(100-Z14/10000)) 

Intermediate value for calculating density 
ABU —9.9559*EXP(-4.539*(10'^(-3))*AA14)+7.0845* 

EXP(-1.638*(10'^(-4))*AD14) +3.9093*EXP(2.551 * 
(10-(-5))*1) 

Corrected temperature in °F 
AG14 =L14+(-0.265*(D14/1000-11.7)^^2+33) 

Corrected temperature in °C 
AD14 =(AC14-32)*5/9 

In situ density 
AE14 =-3.033405+10.128163*(AB14)-8.750567*((AB14)'^2) 

+2.663107*((AB14)^3) 

n/nw 
AF14 =1+0.0816*AA14+0.0122*AA14^^2+0.000128*AA14'^3+ 

0.000629*AD14*(1-EXP(-0.7*AA14)) 
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nw, water viscosity at depth 
AG14 =1.7392-4.9112*(10'^(-2))*AD14+7.5121 *(10'^(-4)) 

*(AD14''2)-6.1993*(10'^(-6))*(AD14'^3)+2.5565* 
(10'^(-8))*(AD14'^4)-4.1092*(10'^(-11 ))*(AD14'^5) 

n, viscosity 
AH14 =AF14*AG14 

Intermediate value for calculating thermal conductivity 
AI14 =(AD14+273.15)/273.15 

Intermediate value for calculating thermal conductivity 
AJ14 =5844.3*AA14/(1000+58.443*AA14) 

Xw, thermal conductivity of water 
AK14 =-0.92247+2.8395*AI14-1.8007*AI14'^2+0.52577 

*AI14'^3-0.07344*AI14'^4 

X/Xw 
ALU =1-(2.3434*1 0'^(-3)-(7.924*10'»(-6))*AD14+ 

(3.924*10''(-8))*AD14'^2)*AJ14+(1.06*10''(-5)-
(2*10'^(-8))*AD14-(1.2*10''(-10))*AD14'^2)*AJ14'>2 

X, thermal conductivity of pore fluid 
AMU =ALU*AKU 
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A i c ! D 1 E 1 F G H il 1 J 1 K 1 «. 
1 Example Well 1978 
2 
3 KBI 55l* Tsurf 65 
4 Adjusted 
5 Rm T(Rm) Rmf TfRmn Rm75 Rmf75 Rmf75 T.D. Tmax 
6 #1 1.12 89 1.28 87 1.31 1.47 1.00 #1 4007 169.0 
7 #2 0.79 110 0.89 76 1.13 0.90 0.90 #2 13464 211.0 
8 #3 0.00 0.00 0.00 #3 16822 292.0 
9 #4 0.00 0.00 0.00 #4 16947 

1 0 #5 0.00 0.00 0.00 #5 
1 1 
1 2 
1 3 FUN m TD MEAN FR TO MEAN AD SP RANK Tf 
1 4 #1 1320 1426 1373 -1265 -1371 -1318 106 66 A 100.6 
1 5 #1 1900 2103 2002 -1845 -2048 -1947 203 84 A 116.9 
1 6 #1 2110 2225 2168 -2055 -2170 -2113 115 80 A 121.3 
1 7 #1 2300 2421 2361 -2245 -2366 -2306 121 81 A 126.3 
1 8 #1 2885 3036 2961 -2830 -2981 -2906 151 93 A 141.8 
1 9 #1 3179 3224 3202 -3124 -3169 -3147 45 91 A 148.1 
20 #1 3400 3522 3461 -3345 -3467 -3406 122 90 A 154.8 
21 #1 3620 3700 3660 -3565 -3645 -3605 80 88 B 160.0 
22 #1 3800 3886 3843 -3745 -3831 -3788 86 92 A 164.7 
23 #2 4015 4162 4089 -3960 -4107 -4034 147 105 B 181.8 
24 #2 4725 4795 4760 -4670 -4740 -4705 70 108 A 183.8 
25 #2 5423 5502 5463 -5368 -5447 -5408 79 109 A 186.0 
26 #2 6215 6281 6248 -6160 -6226 -6193 66 113 A 188.5 
27 #2 6448 6485 6467 -6393 -6430 -6412 37 108 A 189.2 
28 #2 7296 7322 7309 -7241 -7267 -7254 26 108 A 191.8 
29 #2 9445 9486 9466 -9390 -9431 -9411 41 105 A 198.5 
30 #2 10050 10080 10065 -9995 -10025 -10010 30 94 B 200.4 
31 #2 10550 10615 10583 -10495 -10560 -10528 65 97 B 202.0 
32 #2 10660 10695 10678 -10605 -10640 -10623 35 102 B 202.3 
33 #2 11100 11145 11123 -11045 -11090 -11068 45 109 A 203.7 
34 #2 11585 11635 11610 -11530 -11580 -11555 50 117 A 205.2 
35 #2 11675 11715 11695 -11620 -11660 -11640 40 119 B 205.5 
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M 1 N 1 o 1 P 1 Q 1 R s 1 T 1 U 1 V 1 W 
1 
2 
3 
4 
5 
6 
7 ' 
8 
9 

1 0 
1 1 
1 2 Rmfe / 
1 3 Ri Rn Ri/Rm (Fsp) Fsp SSP Rwe Rmfel Rmf75 Rmfe2 Rwe 
1 4 3.5 1.09 3.20 1.00 1.00 66 7.93 0.13 1.00 0.65 0.08 
1 5 2.1 0.95 2.21 1.00 1.00 84 12.94 0.08 1.00 0.56 0.04 
1 6 2.3 0.92 2.51 1.00 1.00 80 11.24 0.09 1.00 0.54 0.05 
1 7 1.7 0.88 1.93 1.00 1.00 81 11.34 0.09 1.00 0.52 0.05 
1 8 1.5 0.79 1.90 1.00 1.00 93 15.11 0.07 1.00 0.47 0.03 
1 9 1.5 0.76 1.98 1.00 1.00 91 13.86 0.07 1.00 0.45 0.03 
20 1.5 0.73 2.07 1.00 1.00 90 13.08 0.08 1.00 0.43 0.03 
21 1.4 0.70 1.99 1.00 1.00 88 12.10 0.08 1.00 0.42 0.03 
22 1.3 0.68 1.90 1.00 1.00 92 13.28 0.08 1.00 0.41 0.03 
23 1.4 0.44 3.19 1.00 1.00 105 17.68 0.08 0.90 0.33 0.02 
24 0.7 0.43 1.61 1.00 1.00 108 19.00 0.05 0.90 0.33 0.02 
25 1.2 0.43 2.80 1.00 1.00 109 19.33 0.05 0.90 0.33 0.02 
26 1.0 0.42 2.36 1.00 1.00 113 21.30 0.05 0.90 0.32 0.02 
27 1.5 0.42 3.55 1.00 1.00 108 18.54 0.05 0.90 0.32 0.02 
28 2.0 0.42 4.80 1.00 1.00 108 18.32 0.05 0.90 0.32 0.02 
29 6.0 0.40 14.88 0.99 1.00 105 16.41 0.06 0.90 0.31 0.02 
30 6.8 0.40 17.02 1.01 1.01 95 12.57 0.08 0.90 0.30 0.02 
31 9.0 0.40 22.70 0.98 1.00 97 13.08 0.08 0.90 0.30 0.02 
32 5.0 0.40 12.63 1.00 1.00 102 14.72 0.07 0.90 0.30 0.02 
33 5.8 0.39 14.75 0.99 1.00 109 17.85 0.06 0.90 0.30 0.02 
34 5.5 0.39 14.09 0.98 1.00 117 21.89 0.05 0.90 0.30 0.01 
35 6.0 0.39 15.39 0.99 1.00 119 23.05 0.04 0.90 0.30 0.01 
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X 1 Y 1 Z 1 AA i AB > O
 

AD 1 AE 1 AF 1 AG 1 AH 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 IDS Molality (Tf)corr (Tf)corr Density VISCOSITY 
1 3 Rw75 Rwfm PPM m X "F •c n/nw nw n 
1 4 0.0953 0.073 49,428 0.890 1.031 105.4 40.8 1.026 1.094 0.632 0.691 
1 5 0.0636 0.042 81,848 1.525 1.047 125.0 51.7 1.035 1.175 0.519 0.610 
16 0.0673 0.043 76,097 1.409 1.038 130.2 54.5 1.030 1.161 0.496 0.576 
1 7 0.0655 0.040 78,653 1.461 1.037 136.2 57.9 1.029 1.169 0.472 0.551 
1 8 0.0545 0.030 100,341 1.908 1.045 154.6 68.1 1.034 1.233 0.410 0.506 
1 9 0.0555 0.029 97,894 1.857 1.038 162.0 72.2 1.030 1.227 0.390 0.479 
20 0.0559 0.026 97,061 1.839 1.032 169.8 76.6 1.027 1.227 0.371 0.455 
21 0.0570 0.028 94,494 1.786 1.026 175.9 79.9 1.023 1.221 0.357 0.436 
22 0.0542 0.026 101,103 1.925 1.029 181.4 83.0 1.025 1.242 0.345 0.428 
23 0.0462 0.020 126,291 2.473 1.042 199.4 93.0 1.032 1.327 0.309 0.410 
24 0.0452 0.019 130,290 2.563 1.043 204.1 95.6 1.033 1.342 0.300 0.403 
25 0.0449 0.019 131,628 2.594 1.042 208.7 98.2 1.032 1.348 0.292 0.394 
26 0.0437 0.018 136,639 2.708 1.044 213.6 100.9 1.033 1.367 0.284 0.388 
27 0.0451 0.019 130,434 2.567 1.036 214.9 101.6 1.029 1.345 0.281 0.378 
28 0.0451 0.019 130,498 2.568 1.033 219.7 104.3 1.027 1.347 0.273 0.368 
29 0.0460 0.018 126,824 2.485 1.023 230.2 110.1 1.021 1.337 0.256 0.342 
30 0.0497 0.020 113,815 2.198 1.009 232.7 111.5 1.013 1.295 0.252 0.327 
31 0.0490 0.019 116,291 2.252 1.010 234.7 112.6 1.013 1.303 0.249 0.325 
32 0.0472 0.018 122,359 2.386 1.016 235.0 112.8 1.017 1.323 0.249 0.329 
33 0.0448 0.017 131.986 2.602 1.024 236.6 113.7 1.022 1.357 0.246 0.334 
34 0.0427 0.017 141,422 2.819 1.033 238.2 114.6 1.027 1.392 0.244 0.339 
35 0.0423 0.016 143,637 2.870 1.035 238.5 114.7 1.028 1.400 0.243 0.341 
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Al 1 AJ AK AL 1 AM 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
11 
1 2 Therm Cond. 
1 3 Z S Xo> XAoj X 
1 4 1.149 4.943 0.632 0.990 0.626 
1 5 1.189 8.185 0.645 0.984 0.635 
1 6 1.200 7.610 0.648 0.985 0.638 
1 7 1.212 7.866 0.651 0.985 0.641 
18 1.249 10.035 0.661 0.981 0.648 
1 9 1.264 9.790 0.664 0.981 0.652 
20 1.280 9.707 0.667 0.982 0.655 
21 1.293 9.450 0.670 0.982 0.658 
22 1.304 10.111 0.672 0.981 0.659 
23 1.340 12.630 0.677 0.977 0.662 
24 1.350 13.030 0.679 0.976 0.662 
25 1.359 13.163 0.680 0.976 0.663 
26 1.369 13.664 0.681 0.975 0.664 
27 1.372 13.044 0.681 0.976 0.665 
28 1.382 13.050 0.682 0.976 0.666 
29 1.403 12.683 0.684 0.976 0.668 
30 1.408 11.382 0.685 0.979 0.670 
31 1.412 11.630 0.685 0.978 0.670 
32 1.413 12.236 0.685 0.977 0.669 
33 1.416 13.199 0.685 0.975 0.668 
34 1.419 14.143 0.685 0.974 0.667 
35 1.420 14.364 0.686 0.973 0.667 
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The George graph (1965) has provided good approximation 

in estimating geostatic ratio in southern Louisiana (Figure 13), 

although his graph has empirical basis rather than theoretical. 

His graph is simple and easy to use; however, it would have been 

more convenient if the geostatic ratio were given by formulas. 

Analysis of George graph has made it possible to reconstruct the 

graph by simple set of equations. 

DERIVATION 

First, two regions defined as in Figure A 2-1. In the figure 

linel, 2, and 3 represent geostatic ratio 1.0, 0.465, and 1.0, 

respectively. 

0.1 
0 

Rsh (O-m) 
1.96 4.1 

DEPTH 
(ft) 

^ \ X 

CD
 

>
 

/
 

20000 
1.0 0.465 

Geostatic Ratio, Gs 
1.0 

Figure A2-1. Two regions in the George graph, 
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Region A 

In the region A, relationship between shale resistivity, Rsh, 

and geostatic ratio, Gs, at 20000' can be written as: 

4Gs = Rsh-0.1 (A2-1) 

= (A2-2) 

Note this relation is true only at 20000'. At that depth, Rsh 

equals to 1.96 when geostatic ratio is 0.465. 

Geostatic ratio lines in the region A can be expressed by a 

general formula, 

D = c(Rsh-O.I) 

Where D is the depth of concern in feet, c is numerical value 

whose value depends on geostatic ratio. 

The line 1 is expressed as: 

_ 20000(Rsh-0.1) 
(4.1-0.1) 

= 5000(Rsh-0.1) (A2-3) 

Line 2, which is also common line in the region B, is expressed as 

20000(Rsh-0.1) 
(1.96-0.1) 

= 10752.7(Rsh-0.1) (A2-4) 
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General form of geostatic ratio lines in the region A is: 

_ 20000(Rsh-0.1) 
^ " 4Gs 

_5000(^sh-0.1) 

„ <33.5000!apjl ,„.6, 

Region B 

In the region B, Rsh=0.3 at Gs=0.987 can be read from the 

George graph. Because increments of both Rsh and geostatic 

ratio at 20000' are linear, the relationship between Rsh and Gs 

can be written as Rsh = a Gs + b, where a and b are constants. 

Using the relation Rsh=0.3 when Gs=0.987 and D=20000' 

Rsh=1.96 when Gs=0.465 and D=20000' 

we get the general formula 

Rsh = -3.180Gs + 3.439 (A2-7) 

(3.439-Rsh) 
= 3.180 (^2-8) 

Note again this relation is true only at 20000'. When Rsh=0.1 and 

•=20000', Gs=1.050. These numbers are used in simply numerical 

means to reconstruct the George Graph. 

In this region relationship between Rsh and depth can be 

expressed as: 
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D = a'Rsh + b' 

Solving the equation by entering the following values: 

Rsh = 0.259 when Gs=1.0 and D=20000' 

Rsh = 0.1 when Gs=1.0 and D=0' 

we get the depth-Rsh relation at Gs=1.0 

D = 125786.2(Rsh - 0.1) (A2-9) 

= 125786.2+ ...(A2-10) 

General form of geostatic lines in the region B is, then, 

r" 
Df(-3.18Gs+3.439)-0.1} 

20000 = 

20000(Rsh-0.1) 
^ " -3.18GS+3.339 ^ ^ 

^ -20000(Rsh-0.1) 
or Gs = 3t8D +1-05 (A2-12) 

Geostatic ratio can be given as equations (A2-6) and (A2-

12). Using a spreadsheet software, the geostatic ratio, Gs, is 

given by a statement with if function: 

-(IF (5000*(Rsh-0.1)/D-0.465 > -0, 5000*(Rsh-0.1)/D, 

-20000*(Rsh-0.1)/3.18*D+1.05)) 

for Excel™ spreadsheet calculation, for instance. 
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LIST OF WELLS 
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Because several logs provide no information of elevation on 

log headings, "Well File" records stored at the Office of 

Conservation of State of Louisiana were utilized to fulfill the 

table. In the column KB, designation of "D", "G", and "*" 

represents; 

D : Derrick floor elevation data, DP, is available. KB = DP + 

1' unless specified. 

G : Ground level data, GL, is available. KB = GL + 10' unless 

specified. 

* : No data is available. Best estimated from data of nearby 

wells. 

All elevationas, depth, and thickness are in feet. 

N/R in column of the top and bottom Wilcox refers to "not 

reached". 
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LIST OF WILCOX OIL AND GAS FIELDS 
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The following tables were compiled from Shreveport 

Geological Society (1961), Louisiana Geological Survey (1980), 

Office of Conservation (1979), and Maison Map Service, Inc. and 

International Oil Scouts Association (1990). Set A was sorted by 

field name. Set B was sorted by parish. 
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Set A: Wilcox Oil and Gas Fields by Field Name 
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Set B: Wilcox Oil and Gas Fields by Parish 
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