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ABSTRACT

The Lower Ordovician Ellenburger carbonate rock reservoir in West 

Texas is chiefly a dolomite with little intergranular porosity or perme

ability. Production of natural gas, oil and condensate is entirely 

dependent upon intense fracturing and brecciation. The major questions 

which necessitated this research involved: (1) the causes of these frac

tures; (2) the causes of the erratic production associated with Ellen

burger reservoirs; (3) the inter-relationship between fracturing, produc

tion and local/regional tectonism; (4) the relationship between fracture 

intensity and production; (5) the predictability of fractures beyond the 

well-bore; and (6) the source of Ellenburger hydrocarbons.

In this research, over 6,000 feet of core were examined, out of 

which 2,483 feet of fractured and brecciated cores covering five fields 

were studied in detail.

Five classification schemes are proposed for fracture, breccia 

porosity and permeability developments as revealed by megascopic and 

microscopic examination of core, thin-section and outcrop samples. The 

core and thin-section studies have led to the recognition of cementing 

minerals which cause erratic porosity and permeability barriers in open 

fractures, thereby inhibiting the free flow of hydrocarbons to the well

bore.

xiv



XV

Despite numerous recognized origins found for the Ellenburger 

fractures and breccias, over 90 percent of those contributing to produc

tion may be attributed to four major tectonic epochs that span Late 

Mississippian through Early Permian time. This is inferred to be the 

period when present residual porosity was developed and hydrocarbons 

became most mobile.

Generally, production is related to structure, especially in the 

Brown Bassett field where it is controlled by a set of north-northwest 

trending block faults, originating in the basement and which also control 

the distribution of COg.

Some of the hydrocarbons reservoired in the Ellenburger are 

believed to have originated within the Ellenburger Group. Others are 

postulated to have migrated from younger formations along faults and 

adjacent truncated structures.

Outcrop studies show that the El Paso Group, a Lower Ordovician 

limestone equivalent of the Ellenburger, exhibits several breccia systems 

similar to those observed in the subsurface Ellenburger.



INTRODUCTION

The Ellenburger Group of early Ordovician age in the subsur

face of western Texas is predominantly a thick clean dolomite with minor 

limestone beds. This group of sedimentary rocks, from which several 

trillion cubic feet of gas and over 700 million barrels of oil and con

densate have been produced, has been studied intensively (Cloud and 

Barnes, 1946; Barnes and others, 1959), but the economically important 

problem of porosity types and trends has not been included in any of 

these investigations.

Several studies (Halsey, 1957, 1958, 1960; McGlasson, 1968; 

McGlasson and Haseltine, 1971) have addressed the secondary porosity 

problem in some West Texas fields, while others (Gibson, 1948; Henson, 

1951b; Baker and Henson, 1952; Daniel, 1954; Halsey, 1963; Mcquillan, 

1973) have also examined the implications of secondary porosity in some 

Middle East fields. However, such studies were carried out on such a 

localized and limited basis that several important questions remain 

unanswered. For instance:

1. What are the chief causes of fractures?

2. Is there a relationship between fracturing and brecciation 

versus the regional or local tectonics (faulting, folding)?

3. Why are the fractures and breccia mostly confined to certain 

members of the Ellenburger Group in preference to others?

1
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4. What is the relationship, if any, between the intensity of 

fracturing and amounts of hydrocarbon produced from different 

fields?

5. What is the source of the high concentration of CO^ found asso

ciated with the natural gas produced from some Ellenburger 

fields?

6. Are these fracturing activities regional in scope, and if so 

can they be predicted accurately beyond one well or field?

7. What is the effect of cementation on the productivity of frac

tured Ellenburger reservoirs?

The secondary porosity within the Ellenburger Group that creates favor

able reservoir characteristics for most deep hydrocarbon production in 

West Texas is controlled chiefly by intensive fracturing and brecciation, 

and partly by diagenetic changes (dolomitization)• The importance of 

fracturing and brecciation to the productivity of otherwise unproductive 

reservoirs has long been recognized in the oil industry, as Table 1 

would seem to indicate. Knowledge of their exact nature, causes and 

methods of contribution to the productivity of oil and gas wells has 

been mostly limited and, at best, speculative.

The purpose of this research was to make an integrative study of 

various aspects and implications of natural fracturing and brecciation 

in the Ellenburger in order to eliminate some of the enigma currently 

associated with these phenomena. It was hoped that this research would 

provide answers to most of the questions raised earlier and others that 

would arise as this study progressed.



Table 1. Some fractured reservoirs and their characteristics

Location Field Name Discovery Date Geologic Age Formation or • Lithology
Group Name

California Santa Maria 
Valley

1904 Upper Mohnian Monterey Chert & siliceous shale

California Lompoc 1904 Upper & Lower 
Mohnian

Monterey Chert & siliceous shale

California West Cat Canyon N Lower Mohnian Monterey Chert, siliceous shale 
and siliceous limestone

California Casmalia 1903 Miocene Monterey N
California Orcutt 1903 Miocene Monterey Chert & siliceous shale
California Santa Maria Valley 1942 Precambrian Knoxville Metamorphic
California Willmington 1945 Precambrian Basement Metamorphic
California Edison 1945 Precambrian Basement Metamorphic
California Placerita Canyon 1899 & 

1901
Precambrian Basement Metamorphic schists

California Playa del Key 1929 Precambrian Basement Metamorphic schists
Alabama Gilbertown 1944 Navaro and 

Taylor
Selma Chalk Chalk

West Texas "Four County 
Area" Fields

1948 Middle Permian Sprayberry Cherty silicified 
siltstone, shale lime
stone and dolomite

West Texas Coyanosa N Devonian "Devonian" Chert and dolomite
West Texas Big Lake 1928 Lower

Ordovician Ellenburger Dolomite



Table 1. —  Continued

Location Field Name Discovery Date Geologic Age Formation or Lithology
Group Name

West Texas Brown Bassett 1953 Lower
Ordovician

Ellenburger Dolomite

West Texas Pegasus N II Ellenburger Dolomite
West Texas Coyanosa N II Ellenburger Dolomite
Central Kansas/Orth 1933 Precambrian Basement White quartzite
Central Kansas/Kraft-prusa N Precambrian Basement Quartzite
Central Kansas/Hall-Gurney 1939 Precambrian Basement Pink biotite granite
Central Kansas/Heinz 1950 Precambrian Basement Quartzite

. Venezuela La Paz 1953 Precambrian Basement Metamorphics & Granite
Venezuela Mara 1953 Precambrian Basement Metamorphics & Granite
North Dakota Antelope 1960 Devonian Sanish Zone Dolomite
West Pakistan Nuryal 1955 Paleocene Khairabad Ls. Limestone
Southwest Iran/Khuzestan N Cretaceous Asmari Fm. Limestone
Iraq Ain Zalah 1939 Upper

Cretaceous
N Marly limestone

Iraq Kirkuk 1927 Eocene and 
Oligocene

"Main Limestone"Limestone

Qatar Dukhan 1938 - 39 Upper Jurasic //3 and #4 
Limestones

N

Montana Woman's Pocket 
Anticline

N Pennsylvanian Amsdem Dolomite



Table 1. —  Continued

Location Field Name
<

Discovery Date Geologic Age Formation or Lithology
Group Name

Montana Deer Creek N Silurian Interlake Dolomite
North Sea N N Upper

Cretaceous
N Chalk

Gabon N N N N Silicified shale '
Libya N N N N Limestone

Note: N = missing or unavailable data.

VI
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Previous Work

Previous studies related to the Ellenburger Group are presented 

in chronological order in Table 2. The two main categories of Table 2 

are the geographic location of each individual study and what this 

writer considers the major contribution of each author. Several stud

ies of the Ordovician system and fractures in general that are not 

related directly to the Ellenburger have been omitted from this table, 

but are included in the reference section.

The importance and contribution of fracturing and brecciation 

to the productivity of some fields, and the lack of understanding of 

these phenomena, prompted the "Symposium on Fractured Reservoirs" by 

the American Association of Petroleum Geologists in February 1953. 

Conclusions from that symposium focused on the finding that fractures 

were most common in brittle rocks of all types and ages, including lime

stone, dolomite, shale, chert, siliceous sedimentary rocks, igneous 

rocks, and metamorphic rocks. Since that symposium, several papers 

have been published on the topic, including Reprint Series No. 21, 

"Fracture Controlled Production," published by the American Association 

of Petroleum Geologists (Kostura and Ravenscroft, 1977) .

Area of Investigation

The area of subsurface investigation is located within longitudes 

101° to 104° west and latitudes 29° to 33° north. Figure 1 (in pocket). 

Surface field work was carried out near El Paso, Texas. The specific 

west Texas counties involved are Crockett, Midland, Pecos, Terrell,
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Table 2. Summary of previous work on the Ellenburger group

Reference Geographic Location Contribution

Paige, 1912

Dake and Bridge, 
1932

Cheney, 1940

Hendricks, 1940

Llano Uplift and 
Burnet Quadrangle

West Texas

North-central Texas

North-central Texas

First studied the "Ellenburger 
Limestone." Name derived from 
outcropping of dolomites and 
limestone in the Ellenburger 
Hills of southeastern San Saba 
region, Texas.
Divided the Ellenburger into 
several faunal zones, indicat
ing a Cambro-Ordovician age.
Used insoluble residue, espe
cially chert, to correlate the 
Ellenburger from subsurface to 
outcrop.
Used insoluble residue to sub
divide the Ellenburger Group 
in the subsurface.

Cloud, Barnes and Central Texas 
Bridge, 1945
Cloud and Barnes, Central Texas 
1948

Progress report on elevation 
of Ellenburger to Group status.
Elevated Lower Ordovician 
Ellenburger to Group status, 
and divided the Group into 
Tanyard, Gorman, and Honeycut 
Formations.

Hendricks, 1952 North-central Texas Correlation between surface and
subsurface sections of Ellen
burger Group, using insoluble 
residue.

Morrisey, 1955 West Texas

Barnes and Dixon, Texas and southeast 
1959 New Mexico

Halsey, 1960 Midland Basin
(Personal Commu
nication)

Developments in Ellenburger 
oil and gas exploration.
Summary of difficulties asso
ciated with regional correla 
tion of Ellenburger and 
significance of insoluble 
residue in local zoning.
Fractured reservoirs in 
Pegasus field.
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Table 2. —  Continued

Reference Geographic Location Contribution

Kvenvolden and 
Squires, 1967

Permian Basin 
(West Texas)

Showed that Ellenburger Group 
in West Texas serves as reser
voir for oils which range in 
age from early Ordovician 
through early Permian.

Neustaedter, 1968 Delaware Basin Difficulties associated with 
the determination of porosity 
in the Ellenburger using all 
conventional electric log 
devices.

Umphress, 1977 Reagan Uplift Lithostratigraphic zonation 
of the Ellenburger Group.

Loucks and Mench, 
1978

Puckett Field 
Pecos County

Depositional facies and occur
rence of porosity.

Smith, 1979 Delaware Basin General discussion of deposi
tional environment and Ellen
burger hydrocarbon production.



Upton and Valverde. The Pegasus field, located in Midland and Upton 

Counties, was included in this study for three reasons, namely:

1. It is the most extensively cored Ellenburger field in West 

Texas.

2. It serves as a comparison for what happened on either side of 

the Central Basin Platform.

3. The author had easy access to most of the cores available from 

this field during the period of field study. Other Ellenburger 

cores were examined from the Brown Bassett, Coyanosa, Gomez,

J. M., and Puckett fields.

Method of Investigation

This study was conducted by first carrying out an extensive com

puter search of all literature related to the Ellenburger, and fractur

ing in general. The stratigraphic and petrographic aspects of the study 

included the use of cuttings and cores supplied by Mobil Oil Corporation, 

Shell Oil Company, Exxon U.S.A., Phillips Petroleum Company, and the 

core storage facility of the Texas Bureau of Economic Geology in Austin, 

Texas. Electric-logs and other types of relevant data were provided by 

Mobil Oil Corporation. The electric logs were used for stratigraphic 

correlations, preparation of structure cross-sections, structure contour 

maps and the delineation of fault trends.

More than 6,000 feet of core were examined, out of which 2,483 

feet of fractured and brecciated core from 16 wells were actually 

studied in detail. Where cores and cuttings were of sufficient size.

9
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they were slabbed, etched and/or polished to enable a close and more 

detailed examination with a binocular microscope. Thin sections for 

certain important intervals were prepared from several wells and exam

ined with a petrographic microscope. These petrographic studies helped 

to identify and determine:

1. The true nature of fractures and breccias.

2. The number of episodes of fracturing.

3. The mineralogy in the fractures.

4. The sequence of cementation and mineralization events in the 

fractures, relative to the time of hydrocarbon migration into 

the residual pore spaces.

5. The development of porosity and permeability.

Thin sections were stained with an Alizarine Red-S solution to facili

tate differentiation between dolomite and calcite. The rocks were also 

impregnated under pressure with blue-dyed epoxy for easy identification 

of residual pore spaces. An extensive photomicro graphic and macro

photo graphic presentation of the nature of the fractures and breccia, . 

and an accompanying classification scheme were included in the study 

to provide future researchers and explorationists with a guide and a 

more practical approach to dealing with rocks suspected of being frac

tured and brecciated.

Outcrops of the El Paso Group in the Franklin Mountains near 

El Paso, Texas were studied for comparison to the subsurface Ellenburger. 

The El Paso Group is a Lower Ordovician carbonate equivalent of the 

Ellenburger, that is exposed on several mountain ranges in Far West
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Texas and southern New Mexico. It exhibits fracturing and brecciation 

of several types, some of which appear analogous to those seen in the 

subsurface Ellenburger dolomites.



THE ELLENBURGER GROUP

Stratigraphy

The stratigraphy of the Ellenburger Group is well covered in 

papers by Cloud and others, 1945; Cloud and Barnes, 1948; Barnes and 

others, 1959; and Umphress, 1977.

Lower Ordovician rocks, including the present Lower Ordovician 

and uppermost Cambrian carbonates (Figure 2) were first referred to as 

the Ellenburger limestone by Paige (1912) with the type section in the 

Ellenburger Hills in southeastern San Saba County, Texas. Later field 

work by Barnes and others (1945) resulted in the subdivision of the 

Ellenburger limestone into three formations (in upward succession; the 

Tanyard, Gorman, and Honeycut) on the basis of fauna and lithology.

They also restricted the Ellenburger to rocks of Lower Ordovidian age 

only. It will later be seen that this subdivision of the Ellenburger 

cannot be projected into the subsurface where Upper Cambrian rocks are 

still included in the Ellenburger.

Thickness and Areal Distribution

Maximum thickness of the Lower Ordovician Ellenburger and its 

equivalents in West Texas (Figure 2) ranges from 1,820 feet in the 

southeast portion of Blanco County (Barnes and others, 1948a; Umphress, 

1977) to 1,760 feet in northwest Pecos County, and to 1,600 feet in the

12
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Franklin Mountains of El Paso County in West Texas. In the Delaware 

basin, few wells have penetrated the entire Ellenburger Section, but an 

average thickness of 1,800 feet is interpreted from seismic profiles, 

even though the thickest drilled section is closer to 1,650 feet. North 

of the study area in southeastern New Mexico, the Ellenburger thins 

until the section is very thin or absent along the northern edge of the 

Delaware basin.

Lower Ordovician Ellenburger rocks are present over the entire 

study area, except for the Fort Stockton High area where most Paleozoic 

rocks have been subjected to erosion. The Ellenburger overlies Cambrian 

or Precambrian rocks, and is overlain by the Middle Ordovician Simpson 

Group. Local exceptions are in: (1) the truncated structures of the

Central Basin Platform where Permian rocks overlie the Ellenburger; (2) 

the northern part of the Eastern shelf, where Mississippian rocks 

overlie the Ellenburger; and (3) the Reagan-Ozona uplift area where 

Pennsylvanian rocks overlie the Ellenburger.

Lithology

Lower Ordovician Ellenburger rocks are typically dolomite and 

limestone with varying amounts of chert, sandstone and shale. Lime

stone predominates over dolomite in the Marathon surface sections and 

the far West Texas regions. In the Llano region, limestone and dolo

mite are in somewhat equal proportions and lateral gradations from one 

to another are common and abrupt. In the Midland Basin, Eastern Shelf 

Central Basin Platform, Delaware Basin and Val Verde Basin, the section 

is primarily all dolomite (Horak, 1964, pp. 1-2).
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The lanyard Formation in the Llano region (Barnes and others,

1959) consists of 234 feet of typically non-cherty, coarse-grained, 

light-colored dolomite (Threadgill Member) and 359 feet of cherty, 

fine- to coarse-grained dolomite (Steandebach Member). The Gorman 

Formation averages 436 feet in thickness and consists of microgranular 

dolomite and some limestone. The Honeycut Formation, 679 feet thick, 

consists of a lower alternating sequence of limestone and dolomite, a 

middle section of microgranular dolomite and an upper sequence of lime

stone (Barnes and others, 1959, pp. 34-37). The Honeycut Formation in 

the subsurface is chiefly a thick sequence of cryptocrystalline to 

microcrystalline dolomite that has undergone recrystallization in places, 

resulting in patches of coarsely crystalline dolomite. This section, 

unless intensely fractured, is so dense it can be termed impervious.

Lithic and insoluble constituents found in the Ellenburger (Barnes 

and others, 1959; Umphress, 1977; and Dickinson, 1960) include chert, 

glauconite, clay, feldspar, quartz and anhydrite. These insoluble 

constituents, along with pyrite, fragments of chertified oolites, fossil 

fragments, anhydrite, hematite, dolomite and calcite, have also been 

found in this study filling fracture spaces, thereby reducing effective 

porosity.

Insoluble residues have been used as a basis for the local 

zonation and subdivision of the Ellenburger (Cheney, 1940; Hendricks, 

1940; Cole, 1942b; Crowley and Hendricks, 1945; Hendricks, 1952; Barnes 

and Dixon, 1959; Dickinson, 1960; and Umphress, 1977) with mixed results.
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The use of insoluble residues, however, for subsurface Ellenburger zona- 

tion and correlation has gained wide acceptance in the oil industry, 

where it has now become a very important exploration tool among West 

Texas geologists.

The difficulty in subdividing the Ellenburger Group into its 

formations and members and of regional correlations has been grossly 

understated in previous studies. The writer tried relentlessly during 

the period of research for this study to pick the subdivisions of the 

Ellenburger as described by Cloud and others (1945) with limited success 

Faunal evidence, lithology, insoluble residues, and a long working 

experience with the Ellenburger are the most important prerequisites 

without which all attempts to subdivide the Ellenburger are almost 

certainly doomed to failure.

Subsurface Ellenburger

In the subsurface of West Texas, the Ellenburger generally con

sists of equivalents of the Ellenburger Group of the Llano region, plus 

rocks stratigraphically higher than any known at the surface in the 

Llano region (Barnes and Cloud, 1946). Westward from the Llano region 

into the southern part of the Eastern Shelf and Ozona Uplift, the 

Ellenburger section grades into a primarily dolomite section, somewhat 

cherty, and limy. Chert and limestone decrease westward. In the Mid

land Basin and on the Central Basin Platform, the Ellenburger is mostly 

dolomite with local interbeds of shale and sandy zones. One such shale 

zone encountered in Forest Oil Judkins #1 Well, between the depths of 

20,312 and 20,339 feet, could have been capable of generating its own
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hydrocarbons, as organic carbon results will later show in this report. 

The entire section from 17,628 feet to 20,339 feet of this well is 

either very black dolomite or shale. Several such intervals were also 

encountered in other wells. '

In the Delaware Basin, those wells which have penetrated to the 

Ellenburger indicate the section to be primarily dolomite. Southeast- 

wards into the Val Verde Basin, the section is also dolomite which 

becomes cherty in eastern Terrell and Val Verde Counties.



CLASSIFICATION OF FRACTURED AND BRECCIATED 
ELLENBURGER CARBONATES

Introduction

The subject of rock fracturing has received more attention from 

petroleum technologists in recent years as a result of the discovery of 

large amounts of hydrocarbons in fractured rock reservoirs, and as 

artificial fracturing assumes a more prominent role in well completion 

and stimulation practices. There is mounting evidence that fracture 

porosity and permeability are common features of reservoirs, even those 

usually considered to be unfractured and unproductive. "Also, fracture 

patterns produced by artificial fracturing techniques may be controlled 

by naturally occurring fractures (where they already exist) and planes 

of weakness in the rock. This study has demonstrated that where the 

rock had been subjected to more than two episodes of fracturing; the 

newer fractures tended more to reactivate the old fracture patterns 

before continuing on to unfractured parts of the rock (Figures 3a and 

3b). In order to better understand the performance of fractured reser

voirs and to select the proper procedures and intervals of a well for 

artificial fracturing, it is necessary to learn more about the lithology; 

bedding characteristics; and the physical, chemical, and mechanical properties 

of the rock involved in the fracturing. One of the best ways to achieve 

this is by actually classifying these properties megascopically and 

microscopically from cores, thin section, and field evidence in such a

18



Figure 3. Pheno breccia and refracturing of older generation fractures.

a. Pheno breccia and refracturing of a heavily-filled fracture. Note 
the angular fragments of the original matrix rock (dolomite), float
ing randomly in white anhydrite cement. This polished core slab 
exhibits at least two fracture generations, the latest due to 
coring stress. Virgil Powell //4, Pegasus Field. Metric scale in 
centimeters and millimeters. *

*b. Refracturing of a heavily-filled older generation fracture. The 
newest fracture (blue horizontal line) clearly separates the older 
fracture (almost completely cemented with secondary dolomite crys
tals) from the original matrix dolomite (upper half of illustration). 
Note micro-porosity at the lower southeast quadrant. Photomicro
graph of thin section. #1 Nobles, depth = 13,383 ft., Pegasus Field.





way that they become of practical utility to the practicing petroleum 

geologist. That is one of the goals of this study.

Fractured reservoirs can be classified on the basis of: (1)

their fracture lithology; (2) the process that produced the fracturing;

(3) the various characteristics of the breccia resulting from the frac

turing process; and (4) the various physical characteristics of the 

reservoir. Waldschmidt and others (1965) proposed a purely descriptive 

classification based on vugs, fossils, extent of fracture filling and 

the orientation of the fractures. It is a logical classification that 

the authors consider to be workable. The major shortcoming of their 

classification is that it has no particular genetic significance and 

there is no provision for listing details of the numerous other frac

ture characteristics that have a strong bearing on the porosity and 

permeability of the fracture systems or their predictability beyond the 

well bore. Above all, Waldschmidt and others (1965) designate mineral 

grains in the fracture filling as larger or smaller than those in the 

rock matrix. This seems to be an erroneous assumption, because results 

of this study overwhelmingly indicate that the mineral grains filling 

the fractures in the Ellenburger are always larger than the grains in 

the rock matrix (Figures 3b, 4a, 4b). This difference in grain size 

constitutes the only way of differentiating old fracture patterns from 

the rock matrix in a completely healed interval. It is the opinion of 

this writer that a classification scheme designed to take into considera

tion the wide range of implications involved in the fracturing and healing
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Figure 4. Incompletely filled fracture and fracture vug development.

a. The secondary euhedral dolomite crystals cementing the fractures are 
larger in texture than the crystals of the original dolomite matrix 
rock. Isolated vugs (blue) have developed due to the incomplete 
cementation of fracture by secondary dolomite. Photomicrograph
of thin section. #1 Nobles, depth = 13386 ft., Pegasus Field.

b. This specimen has undergone the following diagenetic changes:
(1) original matrix dolomite fractured; (2) growth of large euhyd- 
ral secondary dolomite crystals in fracture; (3) the fusion of the 
lower half of the matrix dolomite with dolomite crystals developed 
in (2) above by the development of smaller euhedral dolomite 
crystals; (4) introduction of hydrocarbon. Note at the upper 
boundary between matrix rock and large euhedral crystals, how 
hydrocarbon was squeezing its way through by capillary pressure. 
Photomicrograph of thin section. #1 Nobles, depth = 13380 ft., 
Pegasus Field.





22

process should be most practical for use in subsurface work. It is 

purely descriptive, independent of the origin of the fracturing, and 

permits a characterization of the small-scale lithology, pore geometry 

and pore size distribution. The genetic classification can be used to 

qualify and supplement the lithologic classification if enough data are 

available. If the origin of the fracturing is known, it may be possible 

to infer the geometry and distribution of porosity zones on a reservoir 

scale. It is therefore in the best interest of the geologist to do more 

than merely describe fracture lithology.

Fracture Identification Log

Attempts in the oil well services industry (notably Schlumberger) 

to develop a method of identifying fractures through the use of "Fracture 

Identification Logs," dip meter logs and other conventional electric-log 

devices (Beck and others, 1977; Babcock, 1978; and Brown, 1979) with the 

aim of delineating fractured zones in a well during the early stages of 

drilling, have produced some encouraging results, but still fall short 

of actually identifying all the fractured zones in a reservoir. In 

order for natural fracture patterns to be identified with the use of the 

presently available electric-log devices, three important conditions 

must be met: (1) the fractures must be vertical; (2) the fractures must

be open (unhealed); and (3) the fractures must be filled with conductive 

fluid from the drilling. The necessity for a detailed and rigorous 

study of fractures from cores and thin sections can, therefore, not be 

overemphasized, considering the fact that most fractured intervals con

tain randomly oriented and healed fractures that will not render themselves



amenable to Fracture Identification Log (FIL) techniques. Also, frac

ture spaces encountered in this study were commonly so small (25 to 

60 pm) that they would not be detected by FIL devices.

Fractured Rock Units

Generally, rocks can break in two ways— along randomly oriented 

fracture surfaces or along regular geometrically consistent fracture 

surfaces. The first process is referred to as random fracturing or 

brecciation. The product is called rubble if the fragments remain un

cemented together and breccia if the fragments are cemented or partly 

cemented. The second process, regular fracturing, is also referred to 

as jointing. Regular fracturing is generally manifested on surface out

crops as regularly spaced breaks and joints in the rock, which may also 

be recognized on aerial photographs (Blanchet, 1957; Hodgson, 1961) and 

Landsat imagery. Whether and when a body of rock fractures in a random 

or a regular pattern depends on the nature of the stress that affects the 

rock and on the lithologic and mechanical variations in the rock itself. 

Some of the variables are listed in Table 3.

Descriptive Classification

The breccia classification that follows is a heavily modified 

version of that proposed by Norton (1916, p. 360) for the Wapsipinicon 

Breccia of Iowa, and is based on the degree of disaggregation of rocks 

as a result of fracturing. This classification is considered most useful 

because it is the easiest for describing both megascopic and microscopic
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Table 3. Some variables that determine whether and 
when rocks will fracture

Stress Variables

1. Intensity of stress
2. Rate of release of stress
3. Time over which stress acts
4. Cycles of stress repetition
5. Orientation of stress field

Lithologic Variables

1. Degree of brittleness of rock (ductility of rock)
2. Grain or crystal size*
3. Grain or crystal size distribution
4. Grain or crystal shape*
5. Type of cement
6. Degree of cementation
7. Porosity
8. Pore geometry
9. Mineralogy

10. Orientation and spacing of potential slip planes
11. Stylolite seams
12. Shale breaks or clay laminae
13. Planes of weakness developed during previous fracturing 

or stress cycles

* The Ellenburger is fractured severely, regardless of grain size. 
However, the more dense and brittle the rock is, the more broken 
up it becomes when stress is released. The density of the rocks 
involved in this study is a function of grain size and shape.
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features. It also has the most significance with respect to porosity and 

permeability (Table 4, Figures 5 and 6).
Probably the most porous breccias at the time of fracturing are 

the mosaic, random and pheno breccias. In a random breccia, for example, 

the porosity may range from about 25 to 50 percent. The mosaic breccias 

which typically contain long wedge-shaped pores may have porosities 

ranging from about 10 to 30 percent while crackle breccias have less 

than 5 percent. Pheno breccias may have porosity as high as 80 percent 

at the time of fracturing. However, it is doubtful that the rubble or 

fragments which became cemented to pheno breccia could have existed in 

that unsupported state. The cement in some pheno breccias include a mud 

matrix and additional fragments that may or may not have been replaced 

(recrystallized). McGlasson (1980, personal communication) has suggested 

that the breccia grew slowly with cement being added as the breccia di

lated more and more. Some breccia types are illustrated in Figures 7 through 11.

Genetic Classification

The following genetic classification (Table 5) represents only 

a few of the diverse origins that have been attributed to fractures and 

breccias in the geological literature (Norton, 1916). The origins 

included in this classification were chosen as representative of those 

encountered during this study of the Ellenburger Group. This classifi

cation should be a useful guide in the examination of other brecciated 

carbonate rock sequences. The classification is accompanied by phot- 

micrographs that are representative of some of the breccia types dis

cussed (Figures 12a and 12b).
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Table 4. I: Classification by degree of disaggregation

(1) Crackle Breccia: One showing only incipient brecciation, with
little or no displacement of fragments. Mostly due to coring 
stress (Figures 5, 7a, 7t), 8a and 8b).

(2) Microdil Breccia: One showing only very narrow dilations capa
ble of conducting fluids, by capillary pressure, between frag
ments (Figures 5, 7a, 7b, 8a, and 8b).

(3) Mosaic Breccia: One whose fragments are largely but not wholly
disjointed and displaced. Most of the fragments are in contact 
and can be matched (Figures 5, 7a)

(4) Random Breccia: One whose fragments do not match along initial 
planes of rupture and are close-set. About 25-50 percent poro
sity at time of brecciation, and the most common type in the sub
surface Ellenburger of West Texas (Figures 9a and 13).

(5) Pheno Breccia: Breccia of sporadic fragments: one with frag
ments apparently floating in a predominant matrix or cement, 
which makes up 80 percent or more of the rock area seen. Pheno- 
breccias may indicate the presence of joints-wide fractures, 
faults, etc. (Figure 3a).

(6) Composite Breccia: One with more than two or three of the above
breccia types in the same specimen, all transitional between 
one and another (Figures 6, 9b, 10a, 10b, 11a, 11b).



TYPES OF BRECCIA

CRACKLE BRECCIA 
♦  POROSITY: 0-5%

RANDOM BRECCIA 
♦  POROSITY: 25-50%

PHENO BRECCIA
♦  POROSITY:

MORE THAN 50%
*  POROSITY AT TUBE

OF BRECCIATION

Figure 5. Types of breccia.



COMPOSITE BRECCIA

(DIAGRAMMATIC) CRACKLE,MICRODIL AND MOSAIC 
BRECCIA WITH ZONES OF RANDOM BRECCIA

CRACKLE,MICRODIL AND MOSAIC BRECCIA WITH ZONES 
OF RANDOM BRECCIA TRACED FROM CORE OF ELLENBURGER 
DOLOMITE MORRISON * 1  VAL VERDE CO., TEXAS.

Figure 6. Composite (complex) breccia.



Figure 7. Crackle, microdil and mosaic breccias transitional to one 
another.

a. Crackle, microdil and mosaic breccia, transitional to one another. 
Second generation fractures (responsible for most residual porosity 
seen on this polished core slab) have offset a completely cemented 
first generation fracture at the southeast quadrant. Third genera
tion fracture is due to coring stress relief. Virgil Powell, depth 
12984 ft., Pegasus Field.

b. Crackle breccia (due to coring stress relief) superimposed on two 
generations of fracturing. Northeast quadrant is best for the 
reconstruction of fracture epochs. First generation fracture is 
completely cemented with white dolomite. The second generation 
fractures offset the first and is completely cemented with white 
secondary dolomite and later, anthraxolite (black hydrocarbon 
residue). Goode Estate, depth = 14431 ft. Polished core slab.



Figure 7b.



Figure 8. Crackle, microdil and mosaic breccias in thin-section.

a. Crackle, microdil, and mosaic breccias transitional to one another. 
Fracture-filling calcite is stained red. Crackle (hairline frac
tures) breccia in central portion of photomicrograph is stained with 
hydrocarbon residue. Photomicrograph of thin-section, Mitchell #2, 
depth = 12110 ft., Gomez Field.

b. Intensely brecciated, with crackle (hairline fractures) breccia 
dominating the fracture patterns. The slide is mostly made up of 
crackle and microdil breccia arranged in a mosaic pattern. Fracture
filling calcile is stained red. Photomicrograph of thin-section, 
Mitchell //2, depth = 12137 ft., Gomez Field.



30

1*5
•vV

T •

.V* ' V *, 'A,

Jl r ' '/

»vr-V' -\%3
_ . . arySm ̂ • .

"r J.v,. ;# :
^  r

Figure 8a.



Figure 9. El Paso Group breccias.

a. Random breccia in the El Paso Group. This outcrop photograph shows 
typical random breccias with about 30-40 percent calcite cement 
(white) and 5 percent residual (vug) pore space. Note the large 
breccia fragment at the center of the picture which has escaped 
much internal fragmentation.

b. Composite (complex) breccia in the El Paso Group. Intensely frac
tured with crackle, microdil, mosaic and random breccias, all 
transitional to one another. Calcite cement (white) range from 30- 
40 percent. The concentration of white calcite cement trending 
almost NNE-SSW in the picture, is a fault trace with differential 
movement on either side. Note the internal fragmentation of the 
larger breccias.



Figure 9a.

Figure 9b.



Figure 10. Composite (complex) breccia and tectonic macro-vugs.

a. Composite (complex) breccia. Very intensely brecciated, with zones 
of crackle, microdil, mosaic and random breccias, transitional to 
one another. Note the internal brecciation of larger fragments.
The micro-styolite originating at the 2.4 cm mark on the photo scale, 
has isolated fractures on either side of it. Core slab, TXL #2, 
Pegasus Field.

b . Intensely fractured, showing unhealed vugs ranging in size from 
pin-point to about 3.3 cm across. All the vugs (porosity) occur 
between breccia fragment and are the result of incomplete filling
of inter-fragment pore spaces by mineral-laden solutions. Note these 
vugs are very different from solution vugs. Polished core slab, 
Pegasus Field.
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Figure 10b.



Figure 11. Composite (complex) breccia and tectonic micro-vugs.

a. Intensely fractured, showing unhealed vugs ranging in size from .05 
mm to about 1 mm. Note crackle, microdil, mosaic and random breccia 
zones transitional to one another. Less volume increase than Figure 
10b because there is less rotation of breccia fragments except on a 
microscopic scale in areas of random breccia. Polished core slab, 
Virgil Powell #4, 12984, Pegasus Field.

b. Composite (complex) breccia and cemented micro-vugs. Wide range of 
intensely fractured breccia fragment sizes. Residual porosity is 
completely cemented with red-stained calcite. Black spots are drop
lets of hydrocarbon residue. Photomicrograph of thin-section. 
Mitchell #2, 12137, Gomez Field.
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Figure lib. 1mm
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Table 5. II: Classification by mode of origin (genetic)

1. Tectonic Breccia: Formed as a result of crustal movements and
activity, produced by vertical or lateral stress or by tension.

(a) Fault Breccia: Fragmentation due to friction or shearing
stresses and subsequent movement along a fault plane.

(b) Fold Breccia: Fragmentation due to stresses producing folds.

(c) Implosion Breccia: Fragmentation due to the collapse of dense,
brittle rocks (under high lithostatic pressure) into a void or 
low-pressure zone created so rapidly that rock pressures cannot 
stabilize evenly (Halsey, 1960).

2. Desiccation Breccia: Fragmentation due to drying of superficial
sediments of flood plains, playa-lake beds, mud flats or prolonged 
subaerial exposure and subsequent erosion.

3. Cavern Collapse Breccia: Due to removal by solution of interior of
lithified carbonate terrains, leaving the unsupported superincum
bent beds to cave in and break down into breccia. Hydrostatic 
pressure, tectonic activities, etc. can be the trigger mechanism 
for the collapse.

4. Intraformational Breccia:

(a) Depositional Type: Formed as a result of the tearing off and
redeposition of marginally consolidated carbonate or other 
sediments within the basin of original deposition. They are 
usually slightly rounded and cemented with fine carbonate detri
tus, e.g., 'edgewise conglomerate.'

(b) Non-depositional Type (Monolithic): Formed by stratal slip
parallel to bedding surfaces, triggered by submarine wave action 
or tectonic movements. It can also be formed by large volumes 
of rock sliding down submarine slopes, along beds of low fric
tional resistance due to gravity failure. Breccia fragments are 
angular (suggestive of failure after partial lithification) and 
have uniform lithology. Breccia fragments are not as sharp as 
tectonic breccia because of a slight rounding of the edges, 
resulting from solutioning (Figure 12a).

(c) Non-depositional Type (Heterolithologic): Formed as a result of
intraformational slip, submarine slumping, erosion and redeposi
tion after subaerial exposure. Contains numerous varieties of 
dolomite, chert in different colors and texture, with moderately
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Table 5. —  Continued

sharp angular fragments that lie in a matrix of fine carbonate 
ooze intermixed with finer fragmental materials. Fragmentation 
is suggested to have taken place after diagenesis had progressed 
far enough to develop hard brittle rock, and after chert re
placement of dolomite had begun (Figure 12b).

5. Stress Relief Breccia: Random network of hairline cracks produced
by coring. This is usually indicative of rocks that will fracture 
with the application of the right type and amount of stress.



Figure 12. Intraformational breccia— non-depositional types.

a. Intraformational breccia— non-depositional type (monolithologic). 
Angular, randomly oriented, pebble-size fragments of lithographic 
dolomite, dispersed through a matrix of angular sand-size and silt- 
size fragments. White patches are due to the recrystallization
of original dolomite pore filling. Photomicrograph of polished 
core slab. Pegasus Field.

b. Intraformational breccia— non-depositional type (heterolithologic) . 
Angular fragments of pebble and cobble size, consisting of chert 
(white) and several types of dolomite, set in a matrix of angular 
sand-size dolomite. Photomacrograph of polished core slab. Pegasus 
Field.



Figure 12b
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The separation between regularly fractured units or breccia frag

ments are called the gap. Gaps range from hairline cracks that are tens 

to hundreds of angstroms wide to large openings a foot or more across.

The gap is measured in terms of the thickness of the filling that occupies 

the opening. The Pure Tyrrell #1 well, which was the Ellenburger discov

ery well for Exxon.in the Gomez Field, had gaps (vugs) of more than 10 

inches in diameter when the first cores were recovered (Pierce, 1979, 

personal communication). Similar large gaps filled with minerals were 

encountered in John Windham #1 Well in the Pegasus Field. Most regular 

fractures that are visible megascopically are closed and tight, with 

gaps usually in the range of 0.1 to 0.5 millimeters, except where they 

may have been widened by solution or some other weathering process near 

the surface (Table 6).

Table 6. Ill: Fracture gap classification

Fracture Gap Classification

(1) Subcapillary Gap (Microscopic): Narrower than 1/4 micron

(2) Capillary Gap (Microscopic): 1/4 micron to 60 microns (1/16 mm)

(3) Narrow Gap: 1/16 mm - 1 mm

(4) Medium Gap: 1 mm - 4 mm

(5) Wide Gap: 4 mm - 15 mm

(6) Mega Gap:• Wider than 15 mm

(Modified from Halsey, 1958)
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Classification by some geologists (Waldschmidt and others, 1956) 

has taken into consideration the degree to which the fractures are 

filled or healed with secondary crystalline material. The following 

scheme (Table 7) is preferred because it has a more direct bearing on 

the amount of porosity and permeability left in the rock and, hence, 

productivity.

Table 7. IV: Fracture filling classification

Fracture Filling Classification

(1) Clean or Open Fracture: No secondary material fills the fracture.

(2) Coated Fracture: Traces of secondary material lining the walls of 
the fracture.

(3) Quarter-Filled Fracture: Secondary material has bridged the frac
ture sporadically, filling as much as 25 percent of the original 
fracture volume.

(4) Semi-Filled Fracture: Secondary material has bridged 25 to 75 per
cent of the original fracture volume.

(5) Heavily-Filled Fracture: Secondary material has filled more than
75 percent of the original fracture volume, leaving isolated vugs.

(6) Completely-Filled (Healed) Fracture: Original fracture space has
been completely filled with secondary material.



POROSITY, PERMEABILITY, MINERALIZATION AND 
CEMENTATION OF FRACTURES

Porosity and permeability in the Ellenburger were mostly created 

by fracturing and brecciation, but of equal importance in influencing the 

present effective porosity and permeability are:

1. The degree of cementation of the fractures.

2. The amount of disaggregation of the breccia fragments.

3. The amount of fracture gap created during fracturing.

4. The types and availability of secondary minerals responsible for 

the near-complete healing of the fracture gaps.

5. The size and packing of breccia fragments.

The porosity and permeability features described here may, as a first 

approximation, apply to fractured and brecciated reservoirs in general.

Porosity Types and Characteristics 

Porosity determinations obtained from West Texas Ellenburger 

reservoirs (Table 8) are generally very low. The values range from 0.1 

to a high of 14 percent with an average value of approximately 2.1 per

cent. The good reservoir qualities reported (Halsey, 1960; McGlasson, 

1968) for some very dense microcrystalline intervals in the Ellenburger, 

with ridiculously low porosity values might not be anticipated in the 

absence of the widespread fracture porosity development that have become 

synonymous with deep Ellenburger plays in West Texas. The major porosity
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Table 8. Reservoir evaluation data for some Ellenburger fields

Field Name
Average Sw 

%
-----Porosity % (<f>)
Minimum Average Maximum

- - -Permeability (Md)- - - 
Minimum Average Maximum

Caprito 18 0.1 3.0 8 N N N

Coyanosa N 0.1 2.0 13 N N N

Gomez N 0.1 1.792 10 0.1 N 134

Mi Vida 20 0.1 4.2 10 N N N

Pegasus N 0.1 1.863 14 0.1 8.713 242

Puckett 35 0.1 3.5 12 0 9.321 169

University Black 16 25-30 0.1 4.0 10 N N N

Vermejo and 
Moore Hooper 10 0.1 3.5 10 N N N

War Wink South 12.4 0.1 3.4 7.0 N N N

Note: N = No data available; SW = formation water saturation.
Some data obtained from West Texas Geological Society publication No. 1977-67 
(Gas Fields in West Texas— Symposium Volume III).



types encountered in the subsurface Ellenburger are due to fractures 

(breccia), vugs, solutioning and original matrix porosity.

Fracture (Breccia) Porosity

The coarsest pore space occurs in random and pheno breccias 

involving large loosely packed fragments which have been only slightly 

cemented, leaving considerable residual pore space (Figures 13a and b). 

In crackle, microdil and mosaic breccias, the separation of fragments 

have been small and the resulting pore space has been almost completely 

filled with cement. Generally, the original pore size was directly 

proportional to the fragment size. In random breccias, large pores 

occurred between large fragments, and where cementation was slight, 50 

to 95 percent of the original porosity is retained.

The maximum original pore size range in the Ellenburger random 

and pheno breccias was about 0.1 millimeter to at least 15.3 cm. The 

upper limit cannot be adequately defined because of the small sample 

size (2 to 3-1/2 inch diameter cores). However, Halsey (1960) reported 

encountering pure anhydrite cement (15 cm across and more) with only 

a few small fragments of dolomite in one 2-1/4 inch diameter core 

recovered from the John Windham No. 1 Well. The usual size range of 

original fracture pores was on the order of 1 mm to about 3.7 cm, but 

as a result of reduction by cementation, the present pore size ranges 

from less than 1 ym to about 2.5 cm. In complexely fractured intervals, 

thin fractures act as a connecting network for several more isolated 

pores (Figure 14).
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Figure 13. Residual fracture porosity.

a. Angular fragments of lithographic dolomite, separated by pore spaces 
(blue) resulting from fracturing. Note the hydrocarbon residue 
adhering to the corners of the breccia fragments, and the selective 
growth of euhedral secondary dolomite crystals (cement) into the pore 
spaces. Photomicrograph of thin-section. #2-A Windham, depth = 
12788.5 ft., Pegasus Field

b. Polished core slab, intensely brecciated, showing considerable resid
ual porosity with negligible cementation. Note euhedral dolomite 
crystals growing into the larger vugs. Pegasus Field.
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Figure 13b
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Figure 14. Thin fractures connecting isolated pores. —  
Intensely brecciated with lots of residual 
porosity (blue) connected by thin uncemented 
fractures. The lighter-colored fragments 
filling the fractures are original dolomite 
breccia fragments, altered to chert. Photo
micrograph of thin-section.
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Solution Porosity

Some well-defined solution porosity has been seen by the writer 

in some West Texas Ellenburger cores (Figures 15a and 15b) . This type 

of porosity is of minor importance in its overall contribution to the 

productive potential o^ the reservoir except where fractures connect the 

pores.

It is easy to understand how the nature of Ellenburger pore 

space can be misinterpreted, because many cores containing fracture 

vugs do not show their fracture character until they are etched, polished 

and inspected very closely with a hand lens or under the microscope. 

Although vugs can originate in several ways, the term "vug" to many 

geologists is synonymous with solution pore space. In most cases, no 

other possibility for the origin of vugs is entertained in spite of the 

fact that close scrutiny of Ellenburger cores and thin-sections reveal 

unmistakably that most vugs are incompletely filled fracture pores 

(Figures 4a, 4b, 10b, and 16). So deeply ingrained is this concept of 

the term "vug" that many Ellenburger porosity descriptions (Umphress,

1977; Loucks and Anderson, 1980) refer to associated "vug porosity" and 

"fracture porosity." This erroneous use of the term vug has reinforced 

the prevailing opinion that the Ellenburger contains solution porosity 

(vugs) connected by fractures.

Pore space of proven solution origin is uncommon in the Ellen

burger, but where present, it is sometimes filled with clastic material 

(Figure 15b), suggesting that some solution has taken place. The effect 

of this type of solution has been to fill the existing pore space, and



Figure 15. Solution micro- and macro-vugs.

a. Solution micro- and macro-vugs. Polished core slab showing the 
development of solution vugs by the dissolution of original dolomite 
rock. Note the growth of euhedral dolomite crystals into the pores. 
Pegasus Field.

b. Solution macro-vugs. Examination of this polished core slab reveals 
the following sequence of events:

1. Rock was fractured.
2. Fracture pores selectively healed to different degrees with 

euhedral dolomite crystals lining the walls of the pore 
spaces.

3. Clay-sized, buff-colored dolomite was deposited in some of 
the larger pores.

4. Selective dissolution of clay-sized dolomite from some of 
the cemented pores.

5. Growth of more euhedral dolomite crystals into the new pores.
6. Deposition of anthraxolite on euhedral dolomite crystals 

developed in 5.



Figure 15b.
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Figure 16. Incompletely cemented fractures. —  Northeast 
section shows 7 cm diameter open vug, lined 
with euhedral dolomite crystals and anthraxo- 
lite staining the euhedral crystals. Note 
also smaller size vugs, due to incomplete 
healing of fractures. Photomacrograph of 
polished core slab. Pure Tyrell #1, 20,446, 
Gomez Field.
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sometimes to enlarge it by dissolving clastic material already deposited 

in open pores.

Matrix Porosity

The careful examination of Ellenburger dolomite under the micro

scope has revealed a type of intercrystalline porosity, probably related 

to the process of dolomitization. The pore size extends from the 

angstrom range up to about 70 microns with most of the pore volume fal

ling into the 5 to 50 micron range. The pores comprise 1 to 4 percent 

of the entire rock volume, but their small size and uniform distribution 

would indicate that they are poorly connected. Some of this type of 

pore space is permeable in mercury injection experiments, and it may 

contain petroleum in Ellenburger pay zones. Even though this type of 

porosity may not contribute much to petroleum production, it is never

theless widely used for Ellenburger reserve calculations because frac

tures do not make much contribution to electric-log porosity values.

This Ellenburger matrix porosity of capillary dimensions is considered 

analogous to the Spraberry porosity in which hydrocarbons bleed out of 

tight matrix rock into highly permeable fractures (Figure 16) . Petro

graphic evidence indicates that virtually all of the effective porosity 

is confined to the partly cemented zones between breccia fragments.

Porosity Distribution

Although porous zones in the Ellenburger are largely confined to 

fractured rock, not all zones of brecciated rock have porosity. In some 

Ellenburger cores, for instance, the most intensely brecciated zones are
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filled with dolomite cement, while zones that are only moderately 

brecciated contain considerable residual porosity. The zones of origi- 

inal highest porosity were readily permeated by solutions saturated by 

cementing materials and sealed rapidly, usually with coarse sparry 

dolomite or calcite. The zones of low original porosity consisting 

mainly of crackle, microdil and mosaic breccias were also sealed rapidly 

because their pore spaces were of relatively small size. In most brec

cia zones containing large residual pore spaces, a zone of random 

breccia with larger original pores is flanked by mosaic breccia with 

much smaller original pores. Thus, with adequate amounts and types of 

cementing solutions and given enough time, there is a tendency for the 

mosaic breccias to be preferentially sealed with cement. This will 

restrict the flow of cementing material to the coarse central pore space 

leaving much of it only partly filled (Figures 13a, 17a and 17b). This, 

partly filled pore space now contains most of the reservoir hydrocarbons 

In some cases, these pore spaces are completely isolated from the rest 

of the reservoir, making it impossible for their contained hydrocarbons 

to be delivered to the well bore. Because this situation is common in 

the Ellenburger, only physically refracturing the rocks will break open 

the old cemented fractures and enable the hydrocarbons to flow freely 

again to the well bore.

In the Coyanosa, Gomez, Pegasus and other Ellenburger reser

voirs, it has been observed that the best porosity is at the top of the 

reservoir and decreases downwards and towards the flanks of the struc

ture. The upper parts of the Ellenburger reservoirs have been widely



Figure 17. Development of permeability barrier.

a. Euhedral crystals of secondary dolomite cement, growing into open 
pore space and developing into an effective permeability barrier. 
Note the hydrocarbon residue (black stains) which was introduced 
after the growth of secondary dolomite. Photomicrograph of thin- 
section.

b. Euhedral crystals of secondary dolomite cement growing in open 
pore space and developing into permeability barrier. Note anthrax- 
olite deposition preceded the growth of the secondary dolomite. 
Photomicrograph of thin-section, #2-A Windham, Pegasus Field.
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Figure 17b 1mm
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assumed to be highly porous because they were exposed to ground water 

solution during one or more periods of uplift and erosion. This view 

is reasonable and may be true for some reservoirs (Figures 15a and 

15b). However, core studies of the Pegasus Ellenburger (Halsey, 1979, 

personal communication) suggests two other reasons for the observed 

porosity stratification which may apply to other Ellenburger reservoirs:

1. Tectonic brecciation and the resulting pore space development 

was more widespread on the crestal parts of the structures 

containing the reservoirs because the crestal parts of folds 

are zones of greatest distortion and maximum stress relief.

This suggestion is based on the fact that porosity in the upper 

parts of most Ellenburger reservoirs is fracture-related, and 

that at least part of the brecciation was related to folding 

alone and not regional stress relief.

2. There may not be much difference in the extent of brecciation 

throughout a given reservoir,, but only a difference in the 

amount of pore filling.

Permeability and Degree of Cementation 

Three very important factors that control porosity and perme

ability are (1) amount of brecciation, (2) degree of cementation 

(healing), and (3) the timing of brecciation and secondary mineral 

deposition.

Permeability values for the Ellenburger (Table 8) ranges from 

as low as zero in some areas to 242 millidarcies in the Pegasus Field.
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The-average for most fields is about 9.0 millidarcys (md). The pore 

fabric of the Ellenburger suggests that permeabilities related to the 

breccia alone are relatively low on all scales of rock volume, because 

of the relative degree of cementation. There is, therefore, only a 

broad correlation between porosity and permeability. Evidence from the 

petrographic examination of thin-section, and cores indicate that vugs 

and groups of vugs of all sizes tend to be connected only by capillary 

throat pores, and indeed, some vugs appear to be completely isolated 

and surrounded by aggregates of interlocking crystals (Figures 4 and 

17b). Apparently, the only permeable paths between such isolated vugs 

are intercrystalline boundaries, some tens to hundreds of angstroms 

wide. Because the pore fabric seems to be the same regardless of the 

size of the porous zone, it may be inferred that zones of all sizes up 

to hundreds of feet across may be similarly isolated from one another 

(neglecting increased permeability due to jointing or decreased perme

ability caused by the development of stylolites).

The process with the strongest control over permeability is 

cementation. Figure 18 shows how the reduction of pore space by cement 

produces drastic decreases in permeability for relatively moderate 

decreases in porosity.

In his study of the Pegasus Ellenburger Field, Halsey (1960) 

found that in rock volumes up to several cubic feet, the permeabilities 

are controlled almost entirely by the pore fabric of the breccia alone. 

This, he said, involved considerable isolated pore space of two kinds:
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DEGREE OF CEMENTATION IN BRECCIA

SLIGHT CEMENTATION 
HIGHLY VUGGY 
VERY HIGH POROSITY 
HIGH PERMEABILITY

MODERATE CEMENTATION 
MODERATELY VUGGY 
HIGH POROSITY 
LOW TO MODERATE 
PERMEABILITY

ADVANCED CEMENTATION 
SLIGHTLY VUGGY 
MODERATE POROSITY 
VERY LOW PERMEABILITY

ROCK
FRAGMENTS CEMENT VUGSE=3 □  ■

Figure 18. Degree of cementation in breccia.
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(1) completely isolated pore space (probably containing water) connected 

by permeability of the crystal boundary type; and (2) economically iso

lated pore space (containing oil or water) connected by capillaries so 

small that the oil bleeds out very slowly on reduction of reservoir 

pressure, sometimes causing the oil to be bypassed by water encroach

ments along trunk permeability channels and flooding the reservoir.

Among other factors which may control permeability in larger volumes of 

rock are stylolites which tend to reduce permeability in a reservoir to 

a negligible value. Stylolites will be discussed in more detail later 

in this report.

The fluid communication picture for the Ellenburger reservoirs 

which seems to fit best the petrographic facts and reservoir performance 

data involves three distinct orders of permeability. The lowest degree 

of permeability is found in the crystal boundary type, connecting iso

lated pore space both in the matrix and cement. A larger order of perme

ability is associated with pore fabric of the cement alone and involves 

poorly connected vugs. Permeability in these fabrics may range from 

microdarcies to 20 millidarcies, but averages only a few millidarcies.

The largest order of permeability is related to regularly oriented ver

tical joints separated by slabs of rocks several feet or yards across.

If the joints are not cemented by rapidly moving fluids to form pheno 

breccia, the permeability will range from about 10 to over 240 millidarcies.

Cementation

The timing of cementation is invariably related to the timing 

of brecciation. It is clearly evident (as will be discussed in a later



chapter of this report) that several phases (episodes) of brecciation 

and fracturing have occurred within the Ellenburger reservoir rocks.

Large volumes of mineral-laden water must have moved through 

the rock to precipitate the large amount of cementing materials in 

the breccias. The change in cementing minerals in fractured reservoirs 

indicates that the movement of the water and the supply of minerals in 

it may have been periodic rather than continuous. This change in the 

mineral content of formation water is a clue to the identification of 

different fracture episodes (Figures 19a and 19b). The mineral-laden 

waters would naturally move rapidly through the permeable parts of the 

rock, causing these parts to be cemented faster than other less perme

able parts of the reservoir. Zones of porous breccia that were isolated 

by impermeable rock would survive the cementation better than porous 

zones connected to the permeable water conduits. This may be one 

explanation for the variations in present permeability in some of the 

fields.

Several possible explanations are available for the erratic 

distribution of permeability in the fractured and brecciated Ellenburger 

reservoirs.

1. The tight areas may not have been brecciated as much as the 

more permeable areas.

2. In the areas that have undergone more than one phase of brecciation, 

permeability might be confined to the later generations of 

fractures while the earlier generations have been sealed off 

by deposited cement.
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Figure 19. Mineral filling as a clue to identification of fracture 
epochs.

a. Four local epochs of fracturing represented by mineral filling 
history of thin polished core slab. White dolomite crystals fill 
the first generation. Pyrite (gold-colored) fills the second 
generation. Third generation is filled with anthraxolite (black) 
and white dolomite crystals. Stress relief (crackle) breccia cuts 
all other fractures. Morrison #1, depth = 13831-37.5 ft., Val 
Verde County.

b . First-generation fracture trends E-W on photo, filled with white 
secondary dolomite crystals. Second generation filled with red 
stained calcite. Note how second generation fractured and offset 
the first generation. Third generation represented by thin blue 
line trending NW-SE on photo. Photomicrograph of thin-section.



Figure 19a.
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3. A tight area could have been initially more permeable, but 

because it was located in a channel of mineral-laden formation 

water, it may have been more completely healed than the less 

permeable areas.

4. McGlasson (1968) suggested that a permeable area could have 

been protected from the mineralizing waters by a seal of com

pletely healed rocks in an upflow direction or by a structural 

configuration that might have been a highly brecciated zone 

along a fault, which because of its higher permeability, was 

more rapidly and completely healed.

Perhaps some of these theories and others can explain the reason why 

some of the highest wells structurally are tight while some of the 

lower ones are more permeable, in the Brown Bassett Field. Calcite is 

the last generation of minerals deposited 'in most fractures. Quartz, 

on the other hand, is less common in the Pegasus Field as a fracture 

filling, but in the Brown Bassett Field the more permeable wells seem 

to have more quartz crystals than the impermeable wells. Since quartz 

is a later phase of fracture filling, this may indicate that the more 

permeable areas were brecciated by a later phase of tectonism (which 

mobilized more silica) than the tighter areas or that the tighter areas 

had less permeability when the quartz deposition began (Figure 20).

Table 9 is based on the different classification schemes dis

cussed in an earlier chapter, and the degree of cementation which has 

the strongest influence on residual porosity and permeability. Notice
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1mm

Figure 20. Quartz deposition in fractures. —  Dolomite 
(matrix) breccia fragments occupy northeast 
and southwest corners of photomicrograph. 
Twinned calcite deposited before the intro
duction of quartz. Note how the large 
euhedral quartz crystal occupying the south
west portion of this photo is being gradu
ally replaced from below by dolomite and 
calcite.



Table 9. Composite classification of fracture (breccia) developments 
and their characteristics.

Degree of 
Disaggregation Mode of Origin

- - - - - - - - - - -  Degree of Cementation- - - - - - - - - -
None (IV1 and 2) Moderate (IV3 and A) High (IV5 and 6) 

Porosity Perm.* Porosity Perm.* Porosity Perm.*
Type Fracture 

Gap
Amount of 

Fracture Filling

Crackle Breccia Tectonic (1) 
and

Stress Relief (5) Low

Low
to

Moderate

Very
Low

Extremely
Low

Negligible Absent Subcapillary (1) 
Capillary (2)

Microdil Breccia Tectonic (1) Moderate Moderate
to

High

Low Low
to

Very Low

Very Low Extremely 
Low to 
Absent

Capillary (2) 
Narrow Gap (3)

Mosaic Breccia Tectonic (1) 
Collapse (3) 
Intraformattonal 
(4b and c)

Moderate
to

High

High Low
to

Moderate

Low Low
to

Very Low

Extremely
Low

Mostly 3 to 6

Random Breccia Tectonic (1) 
Collapse (3) 
Intraformatlonal 
(4b and c)

Extremely
High

Extremely
High

High to 
Very High

Low
to

High

Low
to

Very Low

Extremely 
Low to 
Absent

Mostly 3 to 6

Pheno Breccia Tectonic (la) 
Intraformational 
(la, b and c)

Extremely
High

Extremely
High

High to 
Very High

Low
to

Very High

Low
to

Very Low

Extremely 
Low to 
Absent

5 and 6

Composite Breccia A combination of 
all of the above

m
O 9 Ht f-h 09 M

ES
d

Notes: Roman numerals (I, II, etc.) refer to the individual categories of classification in the text, eg, numeral II is the classifi
cation according to mode of origin, while numeral IV is classification of fracture filling.
Arabic numerals (1, 2, etc.) refer to each subcategory under each major classification scheme, e.g., II^ refers to dessication 
breccia, while III^ refers to medium gap breccia.
In some cases, each subcategory is further subdivided as indicated by lower case letters (a, b, etc.) to provide the clear 
distinctions needed for clarity in those subcategories, e.g. II. refers to fault breccia, while 11^ refers to "non- 
deposltional type (monolithic) breccia. a

* Permeability.
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that porosity and permeability decreases from left to right with degree 

of cementation while there is an increase from top to bottom with 

intensity of disaggregation. Pheno breccias are supposed to have the 

highest initial porosity and permeability values, but because they are 

always totally cemented, there is no residual porosity or permeability.

Types of Cementing Minerals

Dolomite

In most Ellenburger cores and thin-sections, at least five types 

of dolomite have been found filling fracture pore spaces at one time or 

another. They are fragments of brecciated original matrix dolomite, two 

generations of dolomite cement precipitated chemically from formation 

waters, one or more generations of clastic dolomite deposited mechanically 

from aqueous solutions, and large euhedral dolomite crystals growing into 

open macrovugs (Figures 4, 15b, 17b, 21a, and 21b). Fragments of brecci

ated original matrix dolomite range from a few microns in thin-section to 

about 5 mm and more in cores. They are often held together by the dolo

mite cement precipitated from formation waters. In cases where more than 

one generation of dolomite crystals are precipitated as cement, the 

second generation dolomite crystals tend to be larger. Both the first 

and second generation will range in size from 0.05 mm to about 5 mm. 

Dolomite crystals growing outwards from the surfaces of breccia frag

ments or the walls of veins have perfect rhombic shapes. In the Mobil 

#2 Goode Estate well, two generations of euhedral dolomite crystals are 

separated by anthraxolite deposition. In many larger vugs the walls are



Figure 21. Types of dolomite cement.

a. Euhedral, secondary dolomite rhombs growing into macro-vug. Crys
tals took on brownish stains after core was recovered. Wilson //I 
Val Verde County. • *

b. Random breccia, completely cemented with white secondary dolomite 
crystals, pyrite (zoning the breccia fragments) and smaller breccia 
fragments. Polished core slab, Wilson #1, 16279, Val Verde County.
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Figure 21b.



solidly lined with rhombic crystals averaging about 0.5 mm in size, 

which are often coated with a film of anthraxolite. Clastic dolomite 

ranging from silt-size to sand-size, with a small amount of admixed clay 

and frosted quartz sand grains are very abundant as a fracture pore 

filling (Figures 15b, 22a and 22b). This material occurs as finely 

laminated micro-deposits, often showing rhythmic bedding and varves, 

which resemble fine-grained sediment laid down in an open-water envi

ronment. In all cases, euhedral dolomite crystals growing outward from 

the fracture walls precede the deposition of clastic dolomite. Halsey 

(1960, p. 36) is of the opinion that clastic material occupying fracture 

pores may indicate proximity to a submarine depositional surface. This 

interpretation caused him to suggest the following sequence of events . 

for the Pegasus Field Ellenburger:

1. Brecciation after lithification and deep burial.

2. Partial cementation leaving considerable open pore space.

3. Uplift and erosion exposing fractured zones.

4. Submergence and marine encroachment.

5. Deposition of clastic carbonate material, some of which filtered 

down through open networks of residual fracture pores.

Halsey's interpretation is more attractive than the unlikely situation 

suggested by others, which indicates that the clastic material may have 

filtered down into the fractured pore space shortly after deposition. 

This is considered unlikely because there is evidence suggesting that 

the fracturing took place long after lithification when the dolomite was



Figure 22. Clastic dolomite pore-filling and fracture epochs.

a. Clastic dolomite pore-filling. Rock was fractured, then lined with 
dolomite crystals growing into fracture. Rock became filled with fine 
sand and silt-size, laminated dolomite, indicative of layer-by-layer 
mechanical settling of suspended material from mobile solutions. 
Polished core slab, Pegasus Field.

b. Clastic dolomite pore-filling and epochs of fracturing. First epoch 
of fracture is filled with secondary dolomite crystals and trend E-W 
on this photo. Second-generation fractures trend N-S and are filled 
with clastic dolomite. Third generation of hairline fractures are 
due to coring stress relief. Polished core slab, Pegasus Field.
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deeply buried and brittle enough to fracture. Also, the growth of the 

euhedral dolomite crystals preceding the arrival of the clastic material 

may indicate that the clastic particles were introduced during a second 

period of fracturing into pore space not sealed off by the earlier 

generation of dolomite cement.

Anthraxolite

Most Ellenburger reservoir rocks contain solid hydrocarbon 

residues in the fracture pore space (notably Figures 7b, 13b, 17a, 23a 

and 23b). These hydrocarbon residues have five modes of occurrence as 

follows: .

1. Coatings on secondary dolomite crystals which line the larger 

vugs and fillings in other vugs not previously filled with 

dolomite cement.

2. Isolated, randomly distributed inclusions in the dolomite crys

tals occupying vugs.

3. Coating cleavage and fracture surfaces in dolomite cement.

4. Breccia fragments cemented with dolomite.

5. Coating bare fracture surfaces that have not experienced mineral 

growth.

As indicated earlier, anthraxolite is often deposited between 

two generations of dolomite cement in some larger vugs. In the smaller 

vugs, the hydrocarbon fills the residual pore space to varying degrees. 

Under high magnification, tiny isolated inclusions of hydrocarbon resi

due can be seen in many secondary dolomite crystals. The inclusions



Figure 23. Anthraxolite in fractures.

a. Anthraxolite (black) was introduced after the growth of euhedral 
dolomite rhombs in fracture. Anthraxolite may inhibit the further 
growth of the dolomite crystals. Photomicrograph of thin-section. 
Morrison //l, depth = 13806 ft., Val Verde County.

b. Euhedral secondary dolomite crystals growing into anthraxolite 
(black) while cementing a fracture. Photomicrograph of thin-section. 
Morrison i t l , depth = 13806 ft., Val Verde County.
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Figure 23b. 1mm
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make up 1 to 5 percent of the crystal volume, which appear dark choco

late brown to black, depending on the amount of hydrocarbon residue 

present. Hydrocarbon residue appears as films and inclusions along 

cleavage planes, fracture surfaces and growth surfaces, clearly indic

ating a structural control of hydrocarbon introduction. Once in the 

pore space, the hydrocarbon residues tend to inhibit the growth of 

crystals deposited earlier (Figure 23b). In some cores the petroleum 

residue have themselves been brecciated and cemented with secondary 

dolomite, or occasionally with quartz. The chemical composition of 

anthraxolites obtained from different parts of the U.S.A. will be pre

sented later in this report.

The mode of occurrence and the microstructure of the anthraxo- 

lite suggests that it was deposited from aqueous solutions, or the tran

sitional migration of a body of hydrocarbons through these reservoirs.

In support of this is the following petrographic evidence:

1. The separation of two generations of dolomite crystals in frac

ture vugs by anthraxolite.

2. The frequent occurrence of randomly distributed micro-inclusions 

of anthraxolite disseminated among fracture-filling dolomite 

crystals.

3. Anthraxolite breccia cemented with secondary crystalline material.

The exact form and manner in which the anthraxolite was trans

ported to its site of deposition is still uncertain. Halsey (1979, per

sonal communication) argues that had the hydrocarbons been introduced as
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a distinct fluid phase, it would undoubtedly have selectively filled 

out only the tops or bottoms of the vugs (depending on specific gravity 

relations relative to other fluid phases present at the time of deposi

tion) . Petrographic evidence indicates the hydrocarbon was carried as 

a dispersed phase in an aqueous medium, from which dolomite, quartz, 

anhydrite, calcite, etc. were precipitated at various times. Deposition 

might have come in phases and incrementally over a long period of time.

It has been suggested that the hydrocarbon might have existed as a 

highly dispersed emulsion consisting of "heavy" hydrocarbon droplets 

which after deposition were reduced by additional fractionation to the 

solid state. Another possibility is that the hydrocarbon was introduced 

from a heavy hydrocarbon source as semi-solid colloidal particles.

Quartz

This mineral is not common as a fracture pore filling in the 

Pegasus Field area, but it is an important cementing mineral in the 

Brown Bassett and Morrison Field areas in Val Verde County. In thin- 

section, quartz is seen as euhedral crystals/grains and represent the 

last stages of mineral deposition (Figure 20).

Anhydrite

Two modes of occurrence have been found for anhydrite in Ellen- 
burger cores and thin-section. In a few wells located in the Pegasus 

Field (John Windham //l) it is the major and sometimes exclusive fracture 

filling, but in most cores it is present only as a trace constituent 

filling vugs not completely filled previously by dolomite. The anhydrite
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is very coarsely crystalline and a single crystal several inches across 

is not uncommon. The lithology, mode of occurrence, and relationship 

with other fracture filling minerals, combine to indicate that only one 

period of anhydrite introduction took place.

The most likely source of the anhydrite in the Ellenburger was 

probably Permian evaporites. Periods of intense fracturing would allow 

widespread circulation of water which could have dissolved calcium sul

phate from anhydritic Permian rocks. Anhydrite was then precipitated in 

fracture pore space permeable to the sulphate-saturated solutions. It is 

also possible that the Ellenburger itself may have had some evaporites.

Calcite

This mineral occurs mostly as a late generation fracture filling 

(Figures 8a, 8b, 19b). Where there has been more than one episode of 

brecciation (Figure 19b), calcite fills the newest fractures. It may be 

a clue to the recognition of younger fractures in the Ellenburger. Some 

of the widespread dolomite crystals found filling fractures in'the deep 

Delaware and Val Verde Basins might have started as calcite which later 

became recrystallized to dolomite with time. Where calcite cement is 

present, it almost invariable seals off the fracture.

Pyrite

This mineral is most common as tiny euhedral crystals widely 

disseminated throughout the Ellenburger dolomite. However, they do 

occur widely in the Morrison No. 1 Well as second generation fracture 

fillings (Figure 17a). In the Wilson //I Well, it occurs as a rim



around intensely brecciated fragments of dolomite, which is in turn 

cemented together with dolomite crystals (Figure 19b).

Chert Fragments

Chert is the most abundant authigenic insoluble material found 

in the Ellenburger. The replacement of dolomite by chert in the Ellen- 

burger is a gradual process which has a strong affinity for oolithic 

intervals. This type of chert development must have started early in the 

history of the Ellenburger. Isolated angular fragments of chert are com

monly embedded in dolomite cement within fracture systems (Figures 10a 

and 14a). If an interval where chert is separated from dolomite by a 

stylolite is subjected to the same amount of stress, the chert displays 

more intensity of fracturing (Figure 24a). This suggests a relationship 

between intensity of brecciation and the degree of brittleness of the 

rock.
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Stylolites

Well-developed stylolites with amplitudes ranging from less than 

1.4 cm to about 5.2 cm are common in the Ellenburger. They are lined 

with insoluble residue concentrations up to 7 mm thick (Figure 24b).

The insoluble material is largely made up of illitic clay with occa

sional concentrations of frosted, well-rounded, quarts sand grains.

These same constituents are sparingly but uniformly distributed through 

the dolomite. Halsey (1979, personal communication) has suggested that 

the stylolites represent dissolved dolomite. If the stylolites actually
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represent dissolved dolomite, judging by the amount of insoluble mater

ial along the stylolite seams, Halsey went further to speculate that 

the Ellenburger section in Pegasus Field may have been reduced in thick

ness between 5 and 10 percent.

There is ample evidence to show that stylolites behave as 

effective permeability barriers to the vertical and horizontal migration 

of fluids. Figures 24a and 24b show chert selectively replacing dolo

mite on one side of a stylolite, while the dolomite on the other side 

remains completely unaffected by silification. Also, laboratory^ 

measurements on stylolitic cores show that permeabilities across the 

stylolite are negligible compared with permeabilities of the rock on 

either side of the stylolites.

A study of stylolites found in some dense producing limestones 

of the Middle East area prompted Clarke (1975) to conclude that stylo

lites play a very significant role in the expulsion and migration of 

oil. According to Clarke, stylolite growth and the accompanying concen

tration and compaction provide the only obvious mechanism capable of 

concentrating generated petroleum into bodies large enough for buoyant 

migration. He also suggests that dense stylolitized intervals may be 

the elusive source-rocks of Abu Dhabi's petroleum.

1. Study conducted at the Mobil Oil Corporation Field Research 
Laboratory in Dallas, Texas.



Figure 24. Stylolites showing their effect as permeability barriers.
a. Macrostylolite showing its effect as a permeability barrier. Stylo- 

lite separates a zone of chert (white, west on photo) from a zone of 
laminated lithographic dolomite. The replacement of dolomite by 
chert is restricted to the west side of the stylolite only, indicat
ing its effectiveness as a barrier to the passage of the silica
bearing solutions. Fractures from both directions terminate at the 
stylolite. Polished core slab, Pegasus Field.

b. Microstylolite as a permeability barrier. Stylolite trends east- 
west on this photomicrograph. Stylolite, separates chert replaced 
upper half, from the lower half, made up of micro crystalline dolomite. 
Note also how (red-stained) calcite-filled fractures on both sides 
terminate at the stylolite. Photomicrograph of thin-section.
//2 Goode Estate, depth = 14429 ft., Terrell County.



Figure 24a.
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FRACTURE CAUSES AND ATTRIBUTES OF TECTONIC BRECCIA

Introduction

The Ellenburger Group is unique for the study of fractures and 

breccias for numerous reasons, among which are: (1) their abundance and

regional distribution in West Texas; (2) the diverse origins and causes 

that can oftentimes be deciphered from data available from one well 

alone; and (3) the close similarity between samples obtained from widely 

separated fields.

Table 5 is a classification by mode of origin, representing all 

the breccia types encountered in this study. Figures 12a, 12b and 

several other photo illustrations accompanying this report show some of 

the modes of origin determined for the Ellenburger breccias. The causes 

of fractures and breccias have been the subject of considerable specula

tion by many geologists in numerous and varied areas (Table 10). The 

majority of these investigations are theoretical, and make only brief 

mention of the origin of fractures and minor reference to their possible 

relation to tectonics or structure. The exceptions to this are studies 

by Harris and others (1950), Daniel (1954), Blanchet (1957), Halsey 

(1960), McGlasson (1968), and Friedman (1969). Norton (1916), in dis

cussing the origin and causes of fractures and breccia, wrote: "Yet

example after example might be cited of breccias that have received the 

most diverse of explanations and as to whose cause no unanimity of 

judgement has yet been reached."
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Table 10. Causes of fracture

Reference Study Location Lithology Proposed Cause of Fracture

Norton, 1916 Iowa Limestone Proposed a "classification 
by origin" covering a wide 
variety of causes, for 
brecciation.

Eggleston,
1947

California Chert, 
schist, 
siliceous 
shale

Quote: "The lowest wells
in a fractured rock reser
voir are in areas of known 
or suspected faulting or 
intense folding."

McNaughton,
1953

California Metamorphic Quote: "Field evidence
indicate that oil bearing 
fractures in the basement 
complex should be tectonic 
in origin."

Wilkinson, 
1953

West Texas Chalk "effects of regional ten
sion as the basin subsided 
after Leonard time," and 
later tectonic movements.

Landes and 
others, 1960

Venezuela, 
Kansas, and 
California

Metamorphic, 
quartzite, 
limestone, 
granite

Basement faults.

Regan and 
Hughes, 1949

California Chert, cal
careous 
shale, 
siliceous 
shale

Extensive basement faults.

Braunstein,
1953

Alabama Chalk Production from fractures 
adjacent to faults.

Heithecker, 
1934

Louisiana Chalk Reservoir confined to 
fault zone across field 
1/2 mile wide.

Hubbert and 
Willis, 1955

Summary of 
several studies

Wide variety 
of rock 
types

Extensive faulting, intense 
deformation and foliation 
and folding. Fracturing 
more intense at the crest 
of folds.

Halsey, 1960 West Texas Dolomite "Implosion," tectonics.
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Table 10. —  Continued

Reference Study Location Lithology Proposed Cause of Fracture

Drummond, 1964 Iran Limestone/
dolomite

Tectonic origin, resulting 
from folding of competent 
beds.

Daniel, 1954 Iran Limestone/
dolomite

Differential compaction, 
and unloading factors, 
seismic shock and tectonics.

McGlasson, 1967 
McGlasson, 1968

West Texas Dolomites Tectonics..

Stearns and 
Friedman, 1972

General study Different
types

Regional and local tecton
ics (faults and folds). 
Regional uplift and ero- 
sional unloading.

Curie and 
Nwachuku, 1974

General study Regional uplift and 
erosional unloading.

Curie, 1977 General study "Regional paleo-overpressure 
aids in creating fractures 
and maintaining them as 
open channels with a network 
of fracture permeability."

Smith, 1979 West Texas Dolomite Solution collapse tectonic 
fracturing.

Loucks and 
Anderson, 1980

West Texas Dolomites Solution collapse, tectonic 
fracturing

McQuillan, 1973 S.W. Iran Limestone Shock waves.
Lucia, 1971 West Texas Limestones Cavern development and 

collapse.
Harris and 
others, 1960

Wyoming Limestone Regional and local struc
tures, and gravity result
ing from topographic 
influences.



That "unanimity of judgement" was apparently never reached 

because the complex interplay of factors responsible for initiating 

fractures and breccias vary within the same well, locality, formation, 

and lithology, depending on the regional or local tectonic, structural 

and geologic history to which the area of study has been subjected.

This is true of the El Paso Group, the Ellenburger, and several other 

brecciated rocks in widely separated parts of the world.

The one cause of fractures and breccias for which there seems 

to be some unanimity of judgement is tectonism, manifested in various 

forms (Table 10). All of the fractured producing reservoirs encount

ered in preparing this report have been subjected to at least one epi

sode of tectonism, in addition to other causes that may be evident. 

Tectonic fracturing is manifested in the rocks as a series of inter

secting fracture patterns (Figures 19a, 19b and 22b). _ In spite of 

the numerous origins and causes attributable to the Ellenburger frac

tures and breccias, at least 95 percent of those contributing to pro

duction are tectonic in origin, with up to four tectonic epochs 

recognizable in some wells. There are a number of unique characteris

tics of tectonic breccia that are not found in other breccia types.

Some of them indicate a violent shattering of rock. These features 

make tectonic breccia easily recognizable in thin-section, cores, and
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Important Attributes of Tectonic Breccia

Fragment Size

Breccia fragments encountered in this study range in size from 

less than 1/16 mm (sub-sand size) to larger than 25 centimeters (boul

der size). The term micro-breccia is reserved for fragments or aggreg-
\

ate whose general particle size is less than 3 mm. It is possible that 

breccia fragments of several feet across are present within the 

Ellenburger, as this would be difficult to ascertain from core material 

only. If the very large breccia fragments observed within the El Paso 

Group in outcrop is any indication, core sections of unfractured dolo

mite zones in the Ellenburger may represent large breccia fragments. 

(Figures 9a and 9b). As much as 90 percent by volume of the observed 

breccia fragments responsible for most of the porosity in the Ellenburger 

range in size from less than 3 mm to 3 cm.

Fragment Shape

Most tectonic breccia fragments, as has been rightly observed by 

several writers, are sharply angular regardless of size. This indicates 

that the rock had attained a high degree of induration and brittleness 

before fracturing occurred.

Packing and Volume Increase

Tectonic breccias are the only types involving substantial 

increases in rock volume. Within most randomly brecciated zones,

.fragments are so loosely packed that volume increases of 40 percent or 

more are common, while in other zones fragments are just barely in
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contact, resulting in a mere 5-10 percent volume increase (Halsey,

1960). The loose packing present soon after fracturing and the subse

quent increase in rock volume is either "frozen" in place or increased 

due to recrystallization and mineral crystal growth in the fracture 

gaps.

It has been suggested that during the development of stylolites, 

which are quite numerous in the Ellenburger, there is a tendency to 

increase the packing efficiency (i.e., move the breccia fragments closer 

together) by development of microstylolites along particle contacts.

Volumes of Rock Affected

The large volumes of rock affected by randomly distributed 

tectonic breccia is a unique feature lacking in other types of breccia, 

most of which are restricted to limited zones over which the force or 

agency producing the breccia acts.

Internal Fracturing of Breccia Fragments

In areas of high-intensity tectonic brecciation, the sudden 

release of stress and the accompanying relief of delayed stress shortly 

after brecciation, produces breccia fragments which, if larger than 

7 mm, are internally fractured to crackle, microdil and mosaic brec

cias (Figure 8a). The rocks may also fracture internally in response 

to the equalization of rock and fluid pressures within brecciated zones. 

The materials filling the fracture space between the veinlets, are the 

same as those filling fracture space between the fragments.
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Distribution of Breccia Zones

In all of the Ellenburger cores studied, breccia zones appear 

to be randomly distributed. Some cored wells contain only a few widely 

spaced unbrecciated zones while others show very little brecciation.

It is possible that intervals of unbrecciated zones in a well or core 

may represent large breccia blocks, as in the El Paso Group. From 

cores only, it is impossible to determine the shapes of the breccia 

zones, but if they are as variable in their shape as those exposed 

on surface outcrops, they may extend for hundreds of feet beyond the 

point cored or they may pinch out within a few feet of the well core.

It cannot be presumed that there is any relationship between the thick

ness of a breccia zone as seen in a core and its lateral extent. A 

tabular zone convering several acres may be represented in a core by 

only a few feet of breccia while a narrow pipelike breccia zone of 

relatively small volume may be represented in a core by more than 20 

feet of breccia.

The alternation of brecciated and unbrecciated zones in Ellen-
j

burger cores can sometimes give an erroneous impression of strati

graphic control of fracturing, by bedding or other depositional textures. 

However, zones of finely crystalline (lithographic) dolomite, chert- 

replaced dolomite and chert are more intensely brecciated than adjacent 

zones of coarsely crystalline dolomite. This suggests that locally 

the brecciation may have some local lithologic preference.
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Relationship to Brittle Rocks

Results of this study and most of the literature reviewed, seem 

to establish a firm relationship between the ductility of the rock and 

its ability to fracture easily under compressive stress. Dolomite 

(cryptocrystalline, microcrystalline and medium crystalline), chert- 

replaced dolomite, and chert, are the least ductile, and so are the most 

shattered throughout the area studied. However, large intervals of 

microcrystalline dolomite escaped fracturing, and brecciation while 

only a few feet of intensely brecciated zones are scattered throughout 

this homogeneous section. Quite often, as in the Wilson //I Well, 

these brecciated intervals are completely healed (Figure 21b). Coarser 

dolomites, on the other hand, are more ductile and consequently less 

easily brecciated, except in wells close enough to areas of maximum 

stress. If the stress was applied regionally, there would be a ten

dency for the most brittle rocks in the section to relieve the stress 

by fracturing, oftentimes spontaneously at many points. The fact that 

many breccias ignore grain size or other textural and lithologic 

features indicates that some other factors such as depth of burial or 

bed thickness may be important in certain brecciated areas.

Thin lenses of shale (reaching a maximum of 9 feet in the 

Judkins #1 Well) found interbedded with dolomite sections in several 

wells were unbrecciated. A gray (black-speckled) sandstone interval 

3 inches thick, consisting of well-sorted and rounded grains, found at 

13,074 feet in the Virgil Powell #4 Well of the Pegasus Field, was 

also unbrecciated. Field studies showed this sand interval grading
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upwards and downwards into intensely fractured zones of dolomite that 

have evidently undergone at least two episodes of fracturing.

Relationship to Bed Thickness

The contribution of bed thickness to the intensity, density, 

and development of fractures has been observed in several previous 

studies (Daniel, 1954; Harris and others, 1960; Price, 1966; Steam 

and Friedman, 1972; and McQuillan, 1973). When an area is subjected 

to uniformly transmitted stress, it is reasonable to expect brittle 

and thinner rock units to be more susceptible to intense fracturing, 

therefore resulting in a higher density of fracture and breccia patterns. 

This was found to be one of the factors responsible for the selective 

brecciation of certain Ellenburger intervals.

In the Brown Bassett Field, for instance, the Ellenburger con

tains both very finely crystalline dolomite and coarsely crystalline 

dolomite. The finely crystalline dolomite of the upper Ellenburger is 

more dense and more uniform over thicker intervals and might seem to 

be the most likely to deform by brittle fracture and brecciation.

However, this is not the case. Some of the most brecciated zones in 

the Brown Bassett Field are in the thinner, more coarsely crystalline 

rocks . I will hastily add however, that the Ellenburger also exhibits the 
same intensity of fracturing and brecciation among thick and thin 

dolomite sections, depending on their proximity to the tectonic activity 

initiating the fractures. The environment of deposition is inescapably 

implied in this chapter as having some influence on the process of
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fracturing, but only inasmuch as it controls the thickness of the rock 

units and the crystallinity of the rock.

Breccia Zone Size Range

In the El Paso Group individual breccia zones are rarely more 

than 9 meters across with about 90 percent of the fragmental volume 

falling in the 1 cm to 10 cm range. The remaining fragmental volume is 

about equally distributed in the size categories less than 1 cm and 

greater than 10 cm. In the Ellenburger cores, about 90 percent of the 

fragmental volume falls in the 3 mm to 3 cm range.

Pore Size Range

As indicated earlier, there is a distinction between original 

pore space produced by brecciation, and present or residual pore space 

remaining from incomplete healing or cementation of the original pore 

space.

The original pore size range is related to the fragment size 

range and degree of disaggregation of the breccia. In the El Paso 

Group breccias maximum pore size is about 20 cm while in the Ellen

burger breccias it is about 15 cm. Maximum pore size occurs in pheno 

and random breccias. Pore size (width) is relatively small in microdil 

and mosaic breccias, regardless of fragment size, even though pore 

widths are greater in the coarser mosaic breccias. In loosely aggreg

ated random breccias approaching pheno breccias, the pores may appear 

larger than the fragments themselves. Residual pore size is governed 

largely by completeness of cementation, but the largest residual vugs
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tend to be located in coarse breccias containing large original inter

fragment pores.

Association of Morphological Breccia Types

The close association on all scales, of all morphological brec

cia types (crackle, microdil, mosaic, random and pheno breccias) in all 

stages of transition and randomly distributed, is a unique characteristic 

of tectonic breccia not possessed by other genetic types of breccia.



TECTONIC AND DEPOSITIONAL HISTORY VERSUS 
TIMING OF BRECCIATION

The establishment of the timing of fracture porosity and perme

ability developments in the Ellenburger requires the unravelling of the 

chain of geological evolutionary events that resulted in the present 

structural configuration of the Permian Basin. Since this is a task 

too detailed to accomplish within the scope of this report, the writer 

will attempt to summarize such events chronologically from the many 

published papers available and try to relate the events to the fractur

ing of Ellenburger rocks. Walper (1977) and Ross (1979) speculated in 

detail on the plate tectonic implications of the present structural 

features inherited from this long process of tectonic evolutionary 

development that began in Precambrian time.

Important Tectonic and Depositional Developments 

Walper (1977), citing several earlier studies, reports the exist 

ence of extensive volcanic activity, basalt dikes and sills, in the 

Franklin Mountain, Llano area, and the Southern Diablo Platform, that 

typify Precambrian igneous activity along a rifted continental margin. 

According to Walper*s ideas, this kind of igneous activity, including 

strong orogenic compression, regional metamorphism, and granitic and 

pegmatitic intrusions, characterize the Precambrian tectonic evolution 

of the southern margin of North America.
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During the late Precambrian, the area of the later Delaware 

Basin began as an aulacogen (the failed arm of an RRR triple junction). 

During its sagging stage it subsided slowly, but more rapidly than the 

adjacent plate margin, to form the Tobosa Basin (Galley, 1958; Adams, 

1965; and Walper, 1975a). The initial stage of this aulacogen was 

characterized by magmatic activity, both extrusive and intrusive types. 

The high angles to the rifted margin, resulting from the deep extension 

of the aulacogen into the continental interior, may have provided the 

steep gradient necessary for the rapid deposition of the Cambrian arkosic 

Bliss Sandstone encountered in the Bucket 1-C Well. Extending as they 

do deep into the continental interior at high angles, these aulacogens 

often become the routes by which rivers flow seaward, like the Amazon, 

Mississippi and Niger Rivers (Walper, 1977; 1980).

By early Ordovician time, the northwestward transgressing sea 

had resulted in the development of a stable, shallow and wide carbonate 

shelf (Folk, 1959; Adams, 1965) across the Texas and New Mexico area. 

Cross-shelf circulation was limited and minor amounts of evaporite were 

deposited in more restricted areas, thus resulting in the penecontem- 

poraneous dolomitization of Ellenburger limestones (Adams, 1965). Young 

(1970), citing evidence of three boulder beds in the Marathon Formation, 

reported that locally intense tectonic activity was occurring in the 

Marathon geosyncline at about the same time. Walper (1977) agreed with 

Young's interpretation but attributed the final slumping of the boulders 

into deep water environment to plate convergence which resulted in the 

subduction of the North American Plate beneath the Afro-South America
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Plate, and the formation of an arc-trench system off the southern mar

gin of North America. Towards the end of Early Ordovician time, crustal 

warping produced a widespread unconformity which eroded the topmost 

Ellenburger strata (Schnurr, 1955; Galley, 1958; Adams, 1965). The most 

prominent structural feature at this time over much of West Texas was 

the ancestral Central Basin Platform, which plunged south-southeast from 

a positive area to the north (Horak, 1964). Much of the original thick

ness of the Ellenburger was eroded from this ancestral Central Basin 

Platform. A regional karst topography then developed upon the Ellenburger 

(Adams, 1954; Wright, 1965). At a few localities, all of the Ellenburger 

was removed so that Simpson rocks overlie Precambrian.

During Middle Ordovician time, the Tobosa Basin continued to sag 

and became enclosed within the Texas Arch on the east and the Diablo Arch 

on the west (Galley, 1958). This period witnessed the deposition of the 

limestone, shale and sandstone of the Simpson Group, in the lower parts 

of the Tobosa Sag. The anomalous thicknesses of the Simpson Group en

countered in parts of West Texas have been attributed by Schnurr (1955) 

to deposition in sinkholes that developed on the Ellenburger karst 

topography, while others think it may be due to steep dips or thrust 

faulting. Such an anomalous section was encountered in Mobil #6 Moore, 

which drilled over 5,500 feet of Middle Ordovician Simpson (in a loca

tion where 1,800 feet is normal) before reaching a total depth of 18,001 

feet. According to another school of thought, this type of section 

lengthening is typical of the Simpson in response to high amplitude 

folding that would ordinarily induce random fractures in the more brittle
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Ellenburger sections below it. That the Simpson was subjected to broad 

epeirogenic (up and down) motions is attested to by an unconformity in 
the section. Some uplift on the craton to the north is also suggested 

by the Simpson interbedded elastics. The Montoya Limestone was the 

last shallow-water deposit laid down during the Late Ordovician. During 

Silurian and Devonian times, a starved basin developed over much of West 

Texas. The basin rocks are characterized by dense limestone and dark 

and white chert in the starved depression while considerable quantities 

of shale represent talus slopes (Adams, 1965; Walper, 1977). Adams 

, (1965) also report slight uplifts in Late Devonian time that exposed the 

marginal Siluro-Devonian and Upper Ordovidian deposits to truncation, 

mostly around the margins of the Tobosa Basin.

Deposition during Mississippian time is represented by the Upper 

Devonian to Lower Mississippian Woodford Shale, Mississippian Limestone, 

and the Upper Mississippian Barnet and Chester Shale. Major tectonism 

which began during Late Mississippian time, seemed to have been rather 

intense around the Central Basin Platform. Galley (1958) and Adams 

(1965) report the upthrusting of a median central basin fault block 

ridge along the axis of the Tobosa Basin about the end of the Mississip

pian. Elevation of this median ridge split the Tobosa Basin into the 

Delaware and Midland Basins, while at the same time the area of active 

basinal subsidence was extended northwards. Walper (1977, p. 236), in explain 

ing this tectonic epoch which began in the Late Mississippian, wrote: "The 
compressive stresses initiated by plate convergence were transmitted far
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into the continental interior along reactivated boundary faults of 

aulacogens. Both vertical and transcurrent movement of these faults 

gave rise to a complex system of paired uplifts and fault basins, both 

in the Wichita and Delaware aulacogens." He also observed that "in 

the Delaware aulacogen, this episode of compression produced the Central 

Basin Range-Fort Stockton High-Devils River Uplift which forms a broken 

horst system associated with the Pandale anticline, together with the 

accompanying Delaware, Midland, Val Verde, and Marfa Basins." Elam (1976, 

p. 3), disagrees with the theory that compressive stress was responsible 

for the vertical and transcurrent faults found in the Permian Basin.

The major reasons for his disagreement are: (1) "It is mechanically

impossible to initiate vertical faults by compression"; and (2) he claims 

not to have seen any seismic or subsurface evidence to suggest low-angle 

overthrusting which would abound if compression were the dominant mode of 
deformation. However, Elam also acknowledged some authors (Sales, 1968; 

Lowell, 1974) who have suggested from model studies that it is theoretic

ally possible to get vertical faulting by compression along high-angle 

pre-existing faults.

Contrary to Elam's second reason for disagreeing with the 
compressive stress theory, Horak (1967), in a thorough subsurface study 

of the structural style of deformation in the Permian Basin, reported 

the presence of low-angle convex upward faults that appear to result 

from local horizontal compression. In addition to Horak, Prucha and 

others (1965) also noted that when propagated upward, such faults are



deflected in the direction of the less competent strata and tend to 

flatten out, becoming a bedding plane thrust.

The Pennsylvanian period was probably the most active period in the 
geologic evolution of the Permian Basin. In early Pennsylvanian time, 

the deposition of a shallow-water limestone preceded the pre-Strawn 

uplift and erosion recognized over much of West Texas. This was fol

lowed by the rapid subsidence of the Delaware, Midland and Val Verde 

Basins during Early to Middle Pennsylvanian time, which produced exten

sive bottom areas, too deep and euxinic for limestone deposition. The 

deep starved shale basin which resulted received chert conglomerate, 

shale and other terrigeneous material from the Central Basin Ridge 

throughout the rest of the Pennsylvanian. Major orogenic activity 

occurred during the Late Pennsylvanian, further elevating the Central 

Basin Platform, Ozona Arch, Reagan Uplift, Devils River Uplift, and 

the Fort Stockton-High (Sellards and Hendricks, 1945; Umphress, 1977; 

and Walper, 1977).

A brief erosional phase was followed by the deposition of great 

thicknesses (in excess of 8,000 feet) of Lower Permian turbidities, 

sandstone, shale and shaly limestone in the Delaware and Val Verde 

Basins. In describing this climatic Lower Permian, tectonic event, 

Adams (1965, p. 2144), wrote:

The rapid basin subsidence that permitted this accumulation 
produced enormous compressional stresses in the underlying 
crustal rocks. The median fault block range, between the Dela
ware and Midland basins, was squeezed upward several thousand 
additional feet; . . .  in addition numerous isolated trap-door 
fault blocks popped up above the sagging basin floor; . . . 
these uplifts and fault blocks reduced the stresses created by 
shortening of the competent crust.
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A slower rate of subsidence and continued deposition of detrital elas

tics, shale and turbidities supplied by the uplifted areas were the 

highlight of events during Middle Permian time. By Late Permian time, 

subsidence was still proceeding slowly but uplift had ceased. Terri- 

geneous elastics had filled the subsiding basins, and buried most of 

the uplifts so that sediments were transported over long distances, 

covering a wide region of West Texas. Reef-bordered limestone shelves 

flourished in the Delaware Basin and over much of West Texas during this 

time, causing evaporite lagoons to develop behind most of these reef 

rims. In the Coyanosa Field area, 2,700 to 4,300 feet of evaporite 

section is normal. Halsey (1960) has suggested Permian evaporite sec

tions as the source of the evaporites found cementing fractures in the 

Ellenburger of Pegasus Field. It is possible that these evaporites 

might have percolated down into the Ellenburger along basement con

trolled faults that extend upwards into the Lower Permian.

Post-Permian tectono-depositional events were probably uniform 

throughout West Texas and involved several major phases, namely: (1)

pre-Upper Triassic regional uplift; (2) erosion of some Triassic and 

Upper Permian deposits; (3) pre-Cretaceous regional uplift and erosion 

of Upper Triassic rocks; (4) regional eastward tilting and uplift 

related to the Laramide orogeny (McGlasson, 1980, personal communica

tion); (5) plateau building, jointing and the erosion of Cretaceous
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rocks in Late Cenozoic time.
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Tectonic Mobility Diagrams

Tectonic mobility diagrams were first developed and used by 

Mobil Oil Corporation scientists as a simple method of summarizing 

the tectonic, depositional and structural developments of a field or 

basin (Figures 25-30). A mobility diagram traces the up-and-down 

movement of a single point through time. That up and down may be due 

to regional uplift or to orogeny. An upward mobility does not imply 

any structural relief within the basin. However, comparison between 

two or more mobility diagrams (Figure 25) can show structural relief 

between them at any time.

Tectonic elements for which such diagrams were constructed are the

Delaware, Val Verde and Midland Basins; the Central Basin Platform, and the

Ozona Arch (Figures 26 to 30) . The scale on the left in each diagram shows the
depth to basement through time. The temperature scale on the right is 

obased on a 70 F average surface temperature, and a temperature gradient 

of slightly more than 1°F per 100 feet depth of burial. The temperature 

scale is based on the surface being near sea level, which is inaccurate 

when the surface is well above sea level, as at the present time.

The diagrams show that the main structural development of the 

Permian Basin spanned Late Mississippian through Permian times. Vertical 

separation between different areas show structural relief on the base

ment between the different points of reference. In most of West Texas, 

maximum relief was attained by Early Permian time even though some 

structural relief existed as far back as Middle Ordovician time. The 

diagrams will be referred to later again in this report.
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Timing of Fracturing and Brecciation 

It is evident- from the results of this study and from the con

clusions reached by some previous writers (Halsey, 1960; McGlasson,

1968) that the Ellenburger dolomites experienced several episodes of 

fracturing and brecciation. In several instances, fractures have been 

offset by younger fractures while in others fractures filled with one 

mineral, such as calcite, cut through older fractures filled with dolo

mite, anthraxolite or pyrite (Figures 19a and 19b). In some cases new 

episodes of fractures tended to reopen older fractures, with or without 

the subsequent deposition of a younger phase of minerals (Figure 3b).

As indicated in Chapter 3 of this dissertation, some of the breccias seem 

to have formed shortly after deposition while the majority of them are 

clearly post-lithification. The fact that different minerals are found 

in the fractures offsetting other mineral-filled fractures indicates 

that a long period of time elapsed between brecciations, since the 

mineral content of formation waters had to change.

It is difficult to establish the actual time of brecciation or 

to relate one visible episode of brecciation on a core slab to a par

ticular tectonic event. However, there's enough evidence (Figures 19a, 

19b and 22b) to suggest that brecciation may have occurred many times in 

geologic history, from Ordovician to the Quaternary. Steep, angular 

basement faults associated with the formation of the Delaware aulacogen 

were the main structural features inherited from the Precambrian. Even 

though Cambrian through Ordovician time was relatively stable, McGlasson
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and Haseltine (1971) reported some collapse brecciation in the Coyanosa 

Field area, probably related to the Early Ordovician "intense tectonic 

activity" reported by Young (1970) in the Marathon geosyncline. Middle 

Ordovician to Late Mississippian time witnessed only weak tectonic 

events and the development of paleostructure in the Coyanosa Field area, 

probably in response to basement movements along pre-existing zones of 

weakness. McGlasson (1968) suggests that the pronounced sagging of the 

Ouachita geosyncline during the Silurian, Devonian and Mississippian 

periods may have produced some tensional stresses in the Brown Bassett 
area that caused some of the early fracturing and brecciation. Late 

Mississippian and Early Pennsylvanian time saw the development of: .

(1) taphrogenic high-angle faulting in the basement; (2) gentle folding 

and faulting in the younger sedimentary strata; (3) defining of the 

Val Verde, Delaware and Midland Basins; (4) the accentuation of already 

formed structures (Coyanosa, Pegasus, Brown Bassett, Gomez); and (5) 

the development of new structures. This was a period of widespread 

fracturing and brecciation of the Ellenburger dolomite in West Texas.

Late Pennsylvanian to Early Permian large-scale upthrusting along older 

Pennsylvanian fault planes and along new fault planes caused renewed 

fracturing and brecciation of the Ellenburger. This resulted in the 

development of excellent porosity which became partly cemented with sparry 

dolomite crystals. It is quite reasonable to assume that the deep sub

sidence of the Val Verde, Delaware and Midland Basins during this time 

might have stretched the Ellenburger, resulting in tensional stresses 

that could have also produced some brecciation.



Fracturing and brecciation may have taken place as late as the 

Tertiary Period when the Laramide Orogeny epeirogenically uplifted and 

tilted the Delaware and Val Verde basins to the east. Faults cutting the 

Cretaceous rocks on the surface testify to stresses produced by the 

Laramide Orogeny.
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STRUCTURAL TRENDS AND WELL PRODUCTIVITIES

Within the Permian Basin, there is a close similarity between 

structural processes over a broad area, covering portions of the Central 

Basin Platform, Midland, Delaware and Val Verde Basins. While these pro

cesses are generally similar, differences in scale, symmetry, and the 

importance of secondary responses vary from area to area. The background 

of regional tectonic history presented in the previous chapter, coupled 

with case histories and the numerous illustrations that will be presented 

in this chapter, should give the reader a better appreciation of the 

complexity of the structures related to the productivity of Ellenburger 

reservoirs. This section will review the structure of the Brown Bassett, 

Coyanosa, and the Gomez Fields to examine the relationship between poros

ity, permeability and fractures in the Permian Basin Ellenburger reser

voirs .

Brown Bassett Field

The Brown Bassett structure (Figure 31, in pocket) is large, 

complex, and difficult to map, with at least 3,300 feet of structural 

relief on the Ellenburger. This structure was developed during Late 

Mississippian through Early Permian time and has changed very little 

since. Basically, the field is a tilted fault block, that is intensely 

faulted within the block. Nearly half of the wells in the field cut at 

least one fault (McGlasson, 1968).
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It is reasonable to assume that since the field is developed 

on a 640-acre spacing, there could be hundreds of faults within the 

limits of the field. There are at least two major directions of fault

ing in the Brown Bassett Field. The main controlling fault on the 

northeast side of the field, trends west-northwest, parallel to the long 

dimension of the field. This fault, which created the Brown Bassett 

structure, has not been cut by a well, but it has a throw of at least 

1,000 feet, downthrow to the northeast. The throw on this fault seems 

to diminish toward the southeast. The highest parts of the fault block 

have been truncated so that the Pennsylvanian rests uncomfortably on 

the Devonian Woodford Shale (McGlasson, 1968).

The second major direction of faulting is a north-northwest 

trend. Many of the faults present across this field appear to affect 

(1) the permeability in the Ellenburger; (2) the quality of production; 

and (3) the percentage of CO^ in the gas (Figure 32, in pocket). Other 

directions of faulting may be present in the field, but these two seem 

to exert the greatest control on production and the geometry of the 

structure.

Most of the faults in the field are interpreted to be high 

angle faults that extend downward into the basement. Repeated sections 

indicative of reverse faults were cut in at least two wells (the #1 

Brown-Bassett-Goode-Estate unit, and #3 Bassett Goode). In both in

stances, the repeated sequence involved the Devonian Woodford, Mississip- 

pian, Pennsylvanian and Wolfcampian sections. No reverse faults involved

rocks older than the Woodford in the Brown-Bassett Field. The reverse
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faults in the Upper Paleozoics of the Brown-Bassett Field are probably 

either high-angle faults that bend over at shallow depths to become 

reverse faults or low-angle rootless slide faults. Major fault blocks 

in the Brown-Bassett Field are probably bounded by high-angle upthrust 

faults, with large displacements. These faults, which may also become 

low-angle thrust faults at shallow depths, are similar in style to those 

described by Prucha and others (1965) and Horak (1967) . The faults 

within this field are probably all high-angle normal faults that extend 

downward into the basement but do not extend very far vertically into the 

Wolfcamp. The rapid deposition of several thousand feet of Early Wolf- 

campian elastics obliterated the erosional relief and structures of the 

pre-Permian surface, so that vertical faults in the older rocks are ex

pressed in the overlying younger rocks as drape folds.

The Brown Bassett Ellenburger reservoir produces dry gas, and 

no oil shows have been found. The gas-water contact is at -12,600 feet, 

giving a maximum gas column of about 1,700 feet (McMurtry, 1979, per

sonal communication). However, the maximum effective gas column is 

somewhat smaller than the 1,700 feet figure because the primary porosity 

is 200 to 300 feet below the top of the Ellenburger and the average 

gross gas column is considered to be 500 feet.

There is no doubt that a close relationship exists between 

structure and productivity in the Brown Bassett Field.(Figures 31, 33 

and 34, in pocket). Blocks of good wells alternate with blocks of poor 

wells along the length of the field. Also the CO^ content of the gas 

changes from block to block (Figure 32, in pocket). The highest blocks
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contain some of the poorest wells, and the faults separating the blocks 

do not appear to have any larger throw than other faults in the field.

The Brown Bassett Field appears to perform like several closely spaced 

fields trending northwest-southeast. These good and poor reservoir 

blocks may extend to the south and southeast and the pattern may be 

valid for much of the Val Verde Basin.

' Coyanosa Field

Like the Waha structure (Figure 35, in pocket), with which it 

is so closely related, the Coyanosa structure (Figure 36, in pocket) 

has the characteristics of a typical upthrust block fold. Most of the 

Coyanosa structural development occurred during the Late Mississippian 

through Early Permian orogenies. A comparison of the three structure 

maps on the Ellenburger, involving the Devonian, Mississippian and Lower 

Permian (McGlasson and Haseltine, 1971; Johnson, 1977) show that the 

first two are very similar. The Devonian and Mississippian have compar

able structural relief and symmetry with the Ellenburger, while the 

Permian horizon exhibits much less structural relief and is notably 

different from the older units.

The geometry of the structure is well shown on the Ellenburger 

structure map (Figure 37, in pocket). The field is a north-northwest 

trending doubly plunging anticline bounded on the west by a large, high- 

angle reverse fault downthrown to the west approximately 5,000 feet.

This major high-angle reverse fault (or fault zone) bounding the Coyanosa 

on the west is interpreted from the lengthening of section in the
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Humble #1 Worsham and Mobil #6 Moore (Figures 35 and 36, in pocket). 

Moderate lengthening starts in the Mississippian, but in the Middle 

Ordovician Simpson it becomes extreme. Mobil if6  Moore drilled over 

5,500 feet of Middle Ordovician Simpson while Humble f f l Worsham drilled 

over 2,400 feet of Simpson before the wells were abandoned in the Middle 

and Lower Simpson, respectively. The normal thickness of the entire 

Simpson is 1,800 feet. Most of the other large faults in the area are 

interpreted to be upthrust faults, vertical in the basement and bending 

toward the downthrown side to become low-angle faults at shallow depths. 

Steep dips are present along these faults and overturned folds are also 

common. The axis of the Coyanosa structure is approximately parallel 

to the western side of the Central Basin Platform towards the east. A 

comparison of the Ellenburger and Devonian structure maps shows that 

the axis of the structure is slightly farther east at the Devonian level 

than at the Ellenburger horizon. McGlasson and Haseltine (1971) noted 

that the Coyanosa Field is located at about the middle of a horst block, 

with the Waha Field in the northern and highest end of the block, while 

West Waha is located on a west-northwesterly structural trend branching 

off the northern end of the Coyanosa-Waha horst block. A low is present 

immediately east of the Coyanosa Field, but farther east a series of 

step faults downthrown to the west continues to build up to the structur
ally higher Central Basin Platform about 10 miles east of the Coyanosa 

Field. The fault on the western side of the Coyanosa Field is oftentimes 

considered the westernmost fault in this series of step ups to the Central

Basin Platform



The Coyanosa structure has a maximum of 7,700 feet of struc

tural relief on the southwestern side, 2,200 feet on the northeast,

1,600 feet on the north and 3,300 to 4,000 feet toward the southeast.

Coyanosa Field Ellenburger reservoir produces natural gas, 

natural gas liquids, and an average of 1.5 percent carbon dioxide. The 

ultimate recovery is estimated at more than 459 billion cubic feet of 

gas and 2 million barrels of natural gas liquids. The Coyanosa structure, 

like the Brown Bassett structure, originated in the basement. Even though 

the Coyanosa is not faulted into several closely spaced blocks like the 

Brown Bassett, there is nevertheless a close relationship between 

structure and productivity. The similarity found to exist between the 

Ellenburger, Devonian and Hississippian structural trends, holds true for 

their production trends (McGlasson and Haseltine, 1971, p. 6-9) . The 

Calculated Absolute Open Flow (CAOF) potential map (Figure 38, in 

pocket) for the Coyanosa Ellenburger depicts this relationship very 

well. The wells with the highest production potential fall within the 

structurally highest positions on the structure map, while the struc

tural lows have the least potential. Porosity and permeability is con

centrated on the structural highs. This fracture-controlled porosity 

and permeability which concentrates the best-producing wells along the 

structural crests is directly attributable to the formation of the 

west-bounding fault of the Coyanosa Field, which is very close to the 

crest of the Coyanosa structure. This same fault is responsible for 

the structure and productivity of the Devonian and Hississippian
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Intervals. In the Coyanosa Field, most of the pay is in the "Middle 

Ellenburger" while the upper 300 feet to 400 feet is relatively tight.

Gomez Field

Located in the southeast Delaware Basin, the Gomez field, one 

of the deepest commercial gas fields in West Texas, is bounded on the 

northeast by a major high-angle fault zone which can be traced fairly 

well over 60 miles. The structure (Figure 39, in pocket) is described 

by Horak (1967) as a "subsidence feature (box fold) which has been 

partially overridden on the northeast by a high angle reverse fault."

The box fold interpretation is based on the presence in this field of 

a broad flat top, steep northeast limb and appreciable closure (3,500 

feet of gas column) which generally characterize a subsiding horst 

block. The overriding block interpreted northeast of the Gomez struc

ture was confirmed by seismic profiling (Figure 40, in pocket).

Internally, the structure is relatively undeformed, except for 

the faulted northeast flank. The faults in this zone mostly trend 

north-northwest. The southeast section of this field is also bounded 

by a fault which trends in a general west-northwest direction and is 

downthrown to the south.

Significant structural evidence and a key to the interpretation 

of this field is provided by the Bass //I Neal well (Figure 40, in pocket). 
A repeated section of over 3,000 feet of competent Paleozoics penetrated 

by the well attests to the involvement of the basement

There is general relationship between the structure of this field 

and productivity (Figure 41, in pocket). The important thing to note is



that the portions of the field with the most productive potential are 

close to the major faults, bounding the field.

Central Basin Platform

The Central Basin platform is one of the most prominent gross 

subsurface features within the Permian Basin. As it is today, the plat

form is a structurally positive area separating the Midland and Delaware 

basins. The lack of Cambrian sediments and thinning of Lower Ordovician 

sections over this present feature implies that its roots go back to 

Precambrian time.

The Central Basin Platform is the most densely drilled area in 

the Permian basin with more than three-fourths of present Ellenburger 

production located on it. This fact is not surprising considering the 

tectonic history of this region where the prerequisites for good Ellen

burger producing reservoirs have been met. This is an area of good 

source potential, where the intense tectonic activities of the geologic 

past were sufficient to create large structures of great relief with 

good fracture porosity.

Midland Basin (Pegasus Field)

This basin, located east of the Central Basin platform, devel

oped in response to the late Paleozoic tectonics Which formed the present 

Permian Basin structural elements. The faults and folds created in the 

Midland Basin in response to these tectonic adjustments are oriented in 

a general north-northwest direction and decrease in relief eastward.

As the magnitude of uplift and folding decreases, the faulting, frac-
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Curing and the resulting porosity also decreases. Thus, as the limits 

of the eastern shelf are approached, the folds are low-relief, fifty 

feet to 150 feet of closure, and the reservoir conditions are poor.

The best Ellenburger production in the Midland basin is con

centrated along its western margin along what could be considered the 

first echelon of folding off the Central Basin platform. While other 

fold trends occur to the east and produce from stratigraphically higher 

formations, the magnitude of folding, together with good reservoir 

conditions, is apparently not great enough to trap commercial amounts 

of oil in the Ellenburger.

Production Experiences

The Pegasus field, located on the "first echelon of folding" 

off the Central Basin platform in Midland and Upton Counties provided 

most of the cores for this study. It is a very intensely fractured and 

brecciated Ellenburger oil-producing field that provides good illus

trations of some of the problems associated with production from frac

tured reservoirs.

Case 1 (1954)

In June of 1954, the Pegasus "Ellenburger unit" was formed 

within the Mobil Oil Company (Midland District) for the purpose of ini

tiating a pressure-maintenance program for Ellenburger production in 

the Pegasus field. Water injection was initiated on a pilot basis for 

Well No. 1 in 1955. After one year of injection with very poor pressure 

response in the adjacent producing wells, injection was virtually
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stopped, pending further reservoir study. In 1960, seven additional 

peripheral wells were converted to water injection service with an 

average total injection rate of 8,000 barrels per day. It was soon 

discovered that peripheral injection had no effect on the central 

portion of the field. Well Nos. 14-2 and 22-2 were then converted to 

injection service with water injected into the full oil column, at 

maximum rates of 3,000-4,000 B/D per well. Poor injectivity profiles, 

rapid water breakthrough to adjacent wells, and material balance calcu

lations indicated very poor water injection performance. A study later 

conducted to alleviate this problem concluded that the natural produc

ing mechanism (primarily solution gas drive with possible gravity seg

regation effects) should be allowed to control and that water injection 

should be stopped until the gas-oil ratio dictated the need for more water 

injection. Based on this study, water injection rates were drastically 

reduced initially and were later stopped in 1970.

Case 2 (1968)

The Pegasus area operations engineer for Mobil Oil in Midland 

reports as follows:

The water production in the producing wells in the Pegasus 
Ellenburger unit is definitely entering the well bores from 
highly permeable zones within the Ellenburger open hole. All 
production logs that have been run and all packers that have 
been set to isolate the water are proof of this fact. When 
the wells do finally go to water, the more permeable zone 
floods completely out and fills the well bore and casing or 
tubing with water. This drowns out the remaining producing 
zones in the open hole and stops the oil production from these 
zones.
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After these permeable zones within the Ellenburger were flooded with 

water, no amount of withdrawal from the well by artifical lift could 

reverse the water-oil ratio or increase the oil production from these 

particular zones. All that artificial lift did was to reduce the 

bottom hole pressure enough to allow the less permeable oil zones to 

feed into the well bore. The wells were later shut in on the recom

mendation of the engineer until they could be studied for remedial 

work that will reduce their operating cost.

. It has long been recognized (Eggleston, 1947; Daniel, 1954;
«

Stearns and Friedman, 1970) that flowing any one well in an intensely 

fractured field quickly influences the pressure in other adjacent wells 

producing from the same stratigraphic interval. The only obvious 

explanation is that all fractures in such a field are interconnected. 

Put differently, there's communication between the wells. The inter

connected fractures permit the extreme freedom of movement of reser

voir fluids, giving enormously high, continuously sustained production 

from wells, and an almost instantaneous transmittal of pressure drop 

over long distances. Daniel (1954) cites the fairly large flow rates 

obtained for moderate bottom-hole differential pressure (B.H.D.P.) and

the relatively rapid recovery of B.H.D.P. to normal when a major pro

ducer is shut in or cut back as an indication that very considerable 

volumes of hydrocarbon, with comparatively free connection throughout, 

must exist in the fracture system around each well.

For both cases 1 and 2 earlier described for the Pegasus Ellen

burger, the flooding of producing horizons, the rapid breakthrough of
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water to adjacent wells and the poor water injection performance proves 

that the Pegasus reservoir is made up of. a complex network of inter

connected fracture patterns in the central portion of the field. Ob

viously, the fractures at the periphery of the field are isolated from 

those at the central part; hence the peripheral water injection programs 

had no effect on the central portion of the field.

In order to restore reservoir pressure and retard water encroach

ment, Cities Service Oil Company injected gas into the Virey Ellenburger 

field, located 7 miles northeast of the Pegasus field. Cities predicted 

that the natural water drive in this field would produce only 28 percent 

of the original oil in place, while gas injection would result in pri

mary plus secondary recovery of 48%. Cities Service later reported 

in a "survey of secondary recovery and pressure maintenance operations 

in Texas to 1968" that the Virey project was very effective and that a 

substantial portion of the production was due to the gas injection 

program. This project differs from the Pegasus Ellenburger because of 

the strong water drive. Also, reservoir pressure was still above bubble 

point at the Virey field when gas injection began. It is evident that 

there's a general enhancement of production by artificial stimulation of 
various kinds, but water injection may not be the answer to the problem, 

especially in an intensely fractured field that is being exploited at a 

very fast rate.

Some of the other problems encountered during the early history 

of the exploitation of fractured Ellenburger and other reservoirs are:

(1) heavy loss of drilling fluid; (2) production which greatly exceeds 

that expected from intergranular porosity and permeability; and (3)
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erratic production from wells located in different parts of the field, 

maybe as a consequence of the development of permeability barriers.

The ultimate answer to the recovery of the enormous amounts of 

hydrocarbon locked up by permeability barriers, and preferential frac

turing and brecciation, lies in the discovery of a viable and economical 

method of physically refracturing selected areas and horizons, to enable 

the contained hydrocarbons to move more freely to the well bore.

Reservoir Parameters

This writer strongly believes that the Ellenburger gas fields 

are under-produced and probably contain numerous pockets of gas reserves 

that can't find their way to the well bore. Consider the following 

simplified production equation used by some major oil company engineers 

for the computation of Gas In Place (GIF) for Ellenburger gas wells:

1546 Ahtj) (1 • - Sw) = GIF (1)

where

A = area drained by the well (estimate at best)

h = net pay thickness

<|> = porosity (obtained from logs)

Ws = interstitial water saturation

The value of three parameters (h, <j>, and Sw) in this equation, for all 

practical purposes, will vary throughout the reservoir both horizon

tally and vertically. However, the gross pay thickness (h) can be deter

mined from electric and drillers logs. Random sampling of a reservoir
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will produce a multitude of sets of values for <j> and Sw. To get around 

this in the log evaluation of deep Ellenburger zones, Neustaedter 

(1968) assumed the formation to be 100 percent water-saturated (Sw) 

dolomite. However, Ellenburger water saturation values range from 12.4 

to 30 percent (Table 8). As part of his conclusion, Neustaedter stated 

that "because of the very low porosities encountered in the Ellenburger, 

even small inaccuracies in porosity determination will produce propor

tionately large errors in reservoir evaluation." To alleviate this 

problem, a combination of density, sonic, and neutron logs are used for 

Ellenburger porosity determinations. Even then, the porosity values 

obtained are. not 100 percent accurate. Area drained (A) is the"only 

parameter that has not been discussed but which can be determined 

rather accurately for any given gas in place. Assuming, therefore, 

that pay thickness (h) and water-saturation (Sw) have been accurately 

determined and that calculated porosity (<(>) is slightly higher than 

its real value (which is oftentimes the case), the area drained (A) will 

then be much smaller than actually calculated. The following conclu

sions can be drawn from this exercise:

1. The well is draining a much smaller area than it is estimated 

to be draining.

2. The smaller area drained is part of a larger body of natural gas 

or there is open communication in the reservoir, allowing the 

free movement of natural gas from remote areas to the well bore.

3. The Ellenburger source rock may not be too far away from the 

present reservoir.
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4. Petrographic evidence indicates that the large amounts of oil and 

gas may be bound up in the Ellenburger rocks having low porosity 

and permeability, including fractured and brecciated areas which 

have been isolated from the well bore by the deposition of cement

ing minerals in fractures; this fracture cementation resulted in 

the development of permeability barriers.



HYDROCARBON AND CARBON DIOXIDE HISTORY

Introduction

Ever since the first oil well was brought into production, the 

one problem that has almost elusively driven petroleum scientists to an
Z

obsession is the "origin of petroleum." So strong is their desire and 

efforts to find a definite answer to this problem that several hundreds 

of papers have been published on various aspects of it. Despite these 

efforts, differences of opinion resulting from the interpretation of 

data and the dogmatic adherence to the "traditional" source-rock ideas 

have caused persistent differences of opinion. Perhaps Link (1950) 

described this frustrating situation best when he wrote: "It involves

the unsolved problem of the origin and migration of oil or hydrocarbons—  

a problem beset with geological prejudices and preconceived notions which 

have permeated our thinking to a marked degree."

The "traditional" view of those involved in the search for oil 

holds that source-beds for petroleum are to be found in dark shales, 

rich in organic matter, and deposited in quiet, deep anaerobic environ

ments. Such a view has created problems in the study of some basins 

(the Paradox basin, oil reefs around the Michigan basin, Williston 

Basin, the Iran-Iraq-Arabia basin, some Permian basin Ellenburger gas 

fields), where large accumulations of petroleum and natural gas have 

been found for which no "traditional" source-rocks could be identified. 

Baker (1979) points out that there are many source-rocks which are not
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black and some black shales which contain very little organic matter.

He attributes the black color of some shales to the presence of pyro- 

lusite (MnO^) and other inorganic materials.

Carbonate rocks are the most grossly overlooked in the search 

for source-rocks in geological environments, because they commonly 

contain much less organic matter than black shales. Some recent studies 

(Scholle, 1977; Dow, 1977; Kirkland and Evans, 1981; Hunt, 1967 and 

1979) have re-evaluated the source-rock potential of marine carbonates, 

and the general consensus is that marine carbonates (especially pelagic 

carbonates) when unweathered and unoxidized are generally dark-colored, 

organic-rich, and could act as source-rock as well as reservoirs.

Kvenvolden and Squires (1967), using the carbon isotope compo

sition of crude oils from the Permian basin found the Ellenburger Group 

to be a reservoir for oils of many ages, ranging from Early Ordovician 

through Early Permian. However, the source of the huge gas reserves 

found in the deep Ellenburger reservoirs of the Delaware and Val Verde 

basins is still unclear. All published papers reviewed in relation to 

the source of the Ellenburger gas (Horak, 1964; Holmquest, 1965; 

Kvenvolden and Squires, 1967; McGlasson and Haseltine, 1971; Smith,

1979) indicate their preference for the overlying Simpson Group (a 

predominantly shale interval) over the Ellenburger dolomite as the 

source of the deep Ellenburger natural gas, even though they are both 

equally lean in organic carbon content (Table 11). This writer believes 

that the Ellenburger is the source of its natural gas reserves. Two
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Table 11. Total organic carbon and isotopic composition of carbon 
in Ellenburger carbonate samples

TOTAL ORGANIC CARSON AND THE ISOTOPIC COMP 
OF CARBON IN ELLEN. CARBONATE SAMPLES

C 13 C O W  l  N I  R A i ION  
IN  CARBON OF I l l i N  
AN IR  A X O tlT E  (PVM 'I

C 13 IN  ORGANIC  
CARBON I f F M 'l

FIELD WELL DEPTH(FT) 740 780 820 660
■ROW* BASSE T BASSETT MIW TRUST IS,TOE 1 i_____ !_____ !_____
COYAWOSA w o e *. AD w e a l  NO 1 13 ,4 60 1 1 1 74 7

. 13,467 1 1 1 73 0

. 13 ,3 20 ■ ■  1 1
M O BlL-S4B4.tr WO B 1 1 3 .3 0 0  4 3 0 1 1 1 1

" 1 3 ,6 3 0  3 3 0 t i l l
• 1 4 ,3 0 0 -7 0 0 1 1 1 1

M OB*. H A L F* AANCH MO 1 1 0 ,6 0 0 -7 0 0 1 1 1 1

V • K ),B 5 0  -BSO

• ■ 1 0 ,9 3 0 -1 1 ,1 0 0 • I I I
ASKEW MOB*. E A FASKEW NO I 12,621 ■ ■  I I  7 1 6i1

M ITC H E LL NO 1 11,637

GOMEZ PURE TTRCLL WO I • I I I

. • 1 1 1

MACUTE* ASKEW NO l - O - B 1 1 ,6 47 1 7 4 6

MORRISON MONR1 SON NO 1 1 1 .3 6 7  |  1 1 1 1

• ■ ■ ■ ■  7 6 9

• 1 1 ,6 7 3  |  1 1 1 1

• 14,167 7 6 0

• 1 4 .4 7 0

. 1 4 ,6 96

» 1 3 ,0 1 0

# 13,111

RESASUS T IL  WO A - l 1 2 ,6 6 0 ■  l 1 7 1 0 ]

• 1 1 ,0 9 4 1 1 1 7 1 9
4. WIWONAM MO. A B •1 ,7 1 9 ^ ■ i  1 1 7 8 3

T IL  WO M E 1 1 ,1 1 0

" 1 1 ,1 19

• 1 1 ,1 16

• 1 1 ,1 * 4

• 11 ,110
L • 11,119

• 11,133
• 11 .248
. 11,343
• 11,443
• 11,313
• 11,621 T 790
• 11,623
• 11.663

M S COLLI MSS MO 1 12,996
• 11,169
• 11,166

• 11,671

BPOWH BASSETT 20,129
PUCKETT PHILLIPS C l PUCKETT 11,261

• • 11,471
BATLIFF S WATLIFF WO 1 11.860

• • 11,606

■ • 11,623
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Table 11 Continued
C 13 CONCENTRATION , ,
IN  CARBON OF E I L I N  C 13 IN  ORGANIC
A N TR A M O U TE (FPMM CARBON IPPMM TO TAL ORGANIC CARBON X

CARBO
NATE
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WILDCAT CLAYTON RANCH NO 1 a .s s x 1 7  4  H  1 1 1 1 1 1 1 1 SB 7. R,S»S 1 1 1 1 1 7 M ^ M  1 1 1 1 1 1 BT.S
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other questions that this report will attempt to answer concerning the 

hydrocarbon history of the Ellenburger gas fields involve: (1) when

the hydrocarbons were formed and introduced into the reservoirs; and 

(2) whether or not the Ellenburger reservoir was once filled with oil.

A high percentage of the nonflammable carbon dioxide gas is 

sometimes produced along with natural gases from the Ellenburger gas 

reservoirs of the Delaware and Val Verde basins. The sources of this 

gas and its distribution pattern will also be reviewed in this paper.

Petroleum Source

v A petroleum source-rock is defined (Dow, 1977) as a unit of rock 

that has generated and expelled oil or gas in sufficient quantity to 

form commercial accumulations. In determining whether or not the Ellen

burger is capable of generating hydrocarbons, several parameters will be 
2used (Table 11) but perhaps the most important single parameter is the 

total organic carbon content (TOG) of the rock. The relationship 

between organic matter content in the rock and occurrence of reservoired 

hydrocarbon is well documented.

In his studies, Ronov (1958) found that an average organic 

carbon content of fine-grained rocks in petroliferous areas was 1.37 

percent for clays and 0.5 percent for carbonates. After a survey of 

several published data. Hunt (1979) came to the conclusion that in

. 2. Geochemical analysis for this report was carried out by Mobil
Oil geochemists, both at the Field Research Laboratory in Dallas, Texas 
and at the Stratigraphic Laboratory in Houston, Texas. For the method 
and rationale used in calculating the.concentration in carbon of 
Ellenburger anthraxolite, natural gas, and organic carbon, see Kvenvolden 
and Squires (1967) p. 1294-1295.
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order for fine-grained shales to generate sufficient hydrocarbons for 

a commercial accumulation, the minimum organic carbon content must be 

between 0.4 percent and 1.0 percent, while a minimum of 0.3 percent is 

sufficient for some carbonate source-rocks. The chart of source-rock 

evaluation parameters (Figure 42) used by Mobil Oil, Field Research 

Laboratory scientists for their source-rock studies, shows that if 

everything else is right, a minimum of 0.20 percent TOC for carbonate 

rocks, and 0.5 percent TOC for fine-grained shales would suffice for 

the rocks to generate petroleum. Despite the lack of sufficient 

data (Table 11) Ellenburger dolomite shows a total organic carbon per

cent ranging from .007 in the Coyanosa field to .417 in the Brown 

Bassett field, with 50 percent of the intervals sampled in both fields 

having over the 0.20 percent minimum TOC required for a carbonate 

source-rock. Also, field evidence from the study of cores indicates 

that several thin, black, carbonaceous shale intervals exist in the 

Brown Bassett #1 and Judkins #1 which are capable of generating hydro

carbons, but were not sampled for their total organic carbon content for 

this study. Total organic carbon values for the Gomez and Morrison 

fields are slightly lower than .20 percent. The Pegasus field, whose 

reservoired crude oils range in age from Early Ordovician through Early 

Permian has the lowest set of TOC values of all the fields sampled. One 

noteworthy result is that the TOC content of three intervals sampled for 

the Simpson Group (predominantly shale interval) which is most commonly 

regarded as the source of Ellenburger natural gas reserves, has values
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SHALES CARBONATES

RICH OIL-SOURCELEAN OIL-SOURCE

TOC « 0.2% TOC > 0.2%TOC > 0.5% TOC < 0.5%

EON < 200 PP1 EON 200 - 1000 PPN EON > 1000 PPM

< 0.5% 0.5 to  30%= 0.5 to 10% < 0.5%

NON SOURCECPI < 1.15 CPI > 1.15
VM.UI. O lt-to J « C l I0C»1 H IT  4110 
l i m l i r  O l l - i m  le f t *  (10 4« 10441 
CN44AC T lR IIT  I Cl

CPI > 1.15 CPI < 1.15

VERY LEAN SOURCE
NON SOURCE

E T T lC T A I*! 04T4, I I  4 V 4 U 4 K I .  44T

OIL-SOURCE POTENTIAL 
UNCERTAIN

OIL-SOURCE POTENTIAL 
UNCERTAIN

Figure 42. Chart of source rock evaluation parameters 
(source: developed and used at the Mobil
Field Research Laboratory in Dallas, Texas).
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of .201 percent and lower. These values are much lower than the 0.4 to 

1.0 percent TOC required for a shale source-rock.

Anthraxolite, a black, often glossy, carbonaceous substance, 

insoluble in organic solvents, is found coating large white crystals of 

dolomite in cracks, veins or vugs of certain brecciated zones in the 

Ellenburger (Table 12). This now-solid material, which was definitely 

mobile at one stage (Squires, 1979, personal communication) is probably 

a petroleum remnant. Rogers and others (1974) analyzed similar bitumens 

from Western Canada Basin and attributed the chemical changes which 

brought about their deposition to: (1) thermal alteration of oils to 

dry gas and solid bitumen; and (2) deasphalting of heavy oils after 

solution of large amounts of wet gas.

Paleotemperature Time and Petroleum Formation

The maturity of source rock is dependent in part on the inevitable 

consequences of increasing age (time) and depth (temperature) of burial. 

The relative importance of temperature versus time on the petroleum

forming process has been discussed extensively (Philippi, 1956, 1965; 

Tissot, 1966; Dobryanski, 1958; Baker, 1979; Hunt, 1979). It is fortui

tous that unraveling the formation process of anthraxolites also high

lights the specific roles played by temperature and time in the "thermal
3alteration" process.

Both oil and gas are fairly unstable compounds that readjust 

towards equilibrium at an increasing rate. Normally, methane is produced

3. Note that some authors use thermal alteration as a synomym 
for maturation.
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Table 12. Ultimate analyses of some anthraxolites and related 
substances (calculated on volatile-free and ash
free basis)

a b c d e f

c 92.60 93.68 90.15 92.09 96.37 93.50

H 5.68 4.91 2.65 4.04 0.53 2.81

0 1.06 1.41 4.84 1.96 1.72 2.72

N 0.43 0.00 0.22 1.38 1.06 0.97
S 0.23 0.00 2.15 0.53 0.32 -

100.00 100.00 100.00 100.00 100.00 100.00

Specific Gravity 1.37 1.37 1.53 1.39 1.87 1.65

H/C Moles 0.74 0.63 0.35 0.53 0.07 0.36

a Anthraxolite, Ellenburger dolomite, Magnolia TXL-A2, Pegasus Field, 
Midland-Upton County, Texas (Halsey, 1960).

k Anthraxolite, Ellenburger dolomite, Magnolia Fasken B.A.-l, Lowe- 
Devonian Field, Andrews County, Texas (Halsey, 1960).

C Anthraxolite, Ellenburger dolomite. Magnolia No. 1 Morrison, wildcat, 
Val Verde County, Texas (Halsey, 1960).

^ Anthraxolite, Little Falls dolomite, abandoned quarry at Salisbury, 
New York (Dunn, 1954, p. 496).

6 Anthraxolite, Cambrian near Sudbury, Ontario (Ellis, 1897, p. 163).
f Anthracite coal, average of 16 analyses (Clarke, 1920, p. 761).
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first from a source bed as in the case of biogenic (marsh) has. Methane 

continues to be produced throughout the production history of the source- 

bed. The temperature of maximum oil formation from a source-bed is 

usually thought to be 135° to 185°F, but recent evidence from core dril

ling on the continental slope of eastern North America has indicated oil 

formation at much lower temperatures, in a relatively short time. Oil 

was recovered from Pleistocene sediments at a depth of 600 feet. As 

maturation proceeds to the stage where temperatures hover around 200°F

and above, only methand gas is produced, causing the amount of natural
4gas to increase at the expense of the other compound types. Because 

methane is a very hydrogen-rich compound (H/C =4), and there isn't 

enough hydrogen in crude oils to convert all the carbon to methane, a 

stage is reached where carbon-rich residue is deposited in the reservoir.

Figure 43 is a schematic representation of the changing chemical 

composition of maturing crude oil. This carbon-residue has been vari

ously referred to as anthraxolite (Halsey, 1960), highly carbonaceous 

and graphitic compounds (Dobryanski, 1961), and collectively called 

pyrobitumens (Hunt, 1979). Anthraxolite and impsomite, which represent 

the final stage in the induration of bitumens, are mostly found in 

Early Paleozoic sediments (metamorphosed Ordovician rocks of Quebec; 

Cambrian rocks near Sudbury, Ontario; Lower Ordovician Ellenburger) and 

appear to have reached their stage by the effects of temperature, time, 

and pressure.

4. The temperatures quoted above may vary with different source 
materials and conditions. Pusey (1973) has his "oil window" at 150 to 
300 F . Maturation will occur in less time if temperature is abnormally 
increased in younger sediments.
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Figure 43. Schematic representation of the changing chemical 
composition of maturing crude oil. —  Diagram 
shows the group composition of petroleum as a 
function of degree of conversion. (1) deoxygen- 
ated initial petroleum substance; (2) primary 
resinous substances; (3) secondary resinous 
substances; (4) polycyclic aromatic hydrocarbons; 
(5) Monocyclic aromatic hydrocarbons; (6) poly
cyclic naphthenes; (7) monocyclic naphthenes;
(8) paraffinic hydrocarbons; (9) natural gas;
(10) highly carbonaceous compounds; (11) graphitic 
compounds (source: Baker, 1979).
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The tectonic implication of Figures 25-30 was discussed earlier 

in this report. The right side of these figures shows an approximation 

of the paleotemperature at the top of the Ellenburger through time, 

based on the depth of burial, a 70°F average surface temperature, and 

a little more than 1°F per 100 feet temperature gradient. The. maximum 

structural development was in the Pennsylvanian and Early Permian time, 

and so was the time of maximum mobility of fluids in the rocks.

Oil-forming temperatures in the Ellenburger carbonates were 

attained during the Pennsylvanian Period (Figures 25-30). In the 

deeper parts of the Permian basin the temperature reached the 200°F 

dry gas-forming range by Middle Permian time and remained well in 

excess of 200°F since then (Figure 25).

Hydrocarbon Migration and Distribution 

Hydrocarbon distribution in the Ellenburger presents an undeni

able pattern, which is a classic example of Gussow's 1954 theory of 

"differential entrapment" (Figures 25 to 30, 44). Deep gas fields such 

as Gomez, Brown Bassett, Morrison and other deep fields farther into 

the Delaware and Val Verde basins, produce only dry methane gas. Shal

lower fields along the margin of the basin such as Coyanosa, Waha and 

Puckett produce wet gas with variable amounts of condensate. The group 

of fields updip in this step-up to the platform is exemplified by the 

Kermit field, located on the western side of the Central Basin platform, 

which has a thick gas cap above a thin oil column. Farther east on the 

platform at much shallower depths, the Ellenburger produces oil.
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Finally, in parts of Central Texas and other outcrop locations of the 

Ellenburger, there's no form of production.

Squires (1979, personal communication) concluded, after a

thorough study of the Ellenburger anthraxolite, that it was once a
13mobile fluid, derived either from the type of low C Ellenburger oils 

farther east or the same type of source material as these oils. Some 

obvious conclusions from all these data are: (1) that the deep Delaware

and Val Verde Basin fields once contained oil in the reservoir that now 

contains gas; (2) that some of the oil now reservoired in fields on the 

Central Basin platform migrated there as a result of the natural frac

tionation of the petroleum previously contained in the now deep Delaware 

and Val Verde basins. Temperatures of about 300°F are normally required 

for the fractionation of oil to gas, but the effects of the sediment, 

complex tectonic history, widespread structural readjustments and the 

long periods of time involved may have acted as a catalyst in reducing 

this required temperature in the case of the Ellenburger.

The emphasis in this paper on the direct and indirect evidence 

pertinent to the generation of petroleum in the Ellenburger and its 

subsequent migration into its present reservoirs have been dictated by 

the lack of concrete evidence and data supporting the Simpson Group as 

the source of the petroleum now reservoired in the Ellenburger of the 

Delaware and Val Verde basins. Like its Middle East (Iran-Iraq-Arabia 

Basin) counterparts, the Ellenburger carbonates have been grossly over

looked in the search for the source of its reservoired hydrocarbons. 

There appears to be some fundamental differences between the diagenetic
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history of petroleum in carbonates and in shale/sand successions.' Car

bonates frequently contain only amorphous organic material derived from 

algae, which has the highest yield of petroleum among kerogen types.

This explains why carbonates often yield more oil than shale with less 

organic carbon content. Both Dunnington (1967a) and Clarke (1975) came 

to the conclusion that an important factor contributing to the abundance 

of oil in the Middle East and its relatively constant composition, may 

be the efficiency with which generated hydrocarbons depart from carbon

ate source-rocks and become trapped in reservoirs. Clarke (1975) reas

oned that if the efficiency with which petroleum is displaced from 

source-carbonates is high, say 50 percent, rather than perhaps 0.50
I

percent for shales, then the source-limestone may appear both "lean" 

initially, before diagenesis, and "leaner" after oil expulsion, when 

it is likely to be drilled up and sampled. Using 0.20 percent as the 

lower limit of the organic carbon a carbonate source-rock must possess 

in order to generate petroleum (Figure 42), some Ellenburger dolomite 

intervals can be classified as rich in organic carbon and able to 

source its own petroleum. The average hydrocarbon content for lime

stones and gray shales in the Cherokee Formation of Kansas was around 

100 ppm, even though the limestones contained a mean organic carbon con

tent of 0.19 percent compared to 1.5 percent for the shales (Baker,

1962). Because of these differences in organic carbon content, effi

ciency of expulsion, and migration mechanisms, it may be much more dif

ficult to recognize carbonate than shale source-rocks. Clarke further 

believes that stylolites (which are very abundant in the Ellenburger)
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play a significant role in the generation and concentrating of generated 

petroleum into bodies large enough for buoyant migration.

One last reason why this writer is convinced that the Ellen- 

burger is the source of most of its reservoired petroleum is that the 

upper 300 feet of the Ellenburger Group in the Delaware and Val Verde 

basin is an impervious micro- to cryptocrystalline dolomite, which will 

have a tendency to inhibit the downward migration of petroleum into 

the Ellenburger from the Simpson Group, except through vertical faults.

Source and Distribution of Carbon Dioxide

A high percentage of carbon dioxide gas is produced along with 

the Ellenburger natural gas from some fields in the Delaware and Val 

Verde basins. Because of its highly corrosive nature, low market value, 

and cost of removal before marketing, it has received the attention of 

more than one geologist (Horak, 1964; Holmquest, 1965; Farmer, 1965; 

McGlasson, 1968; McGlasson and Haseltine, 1971; Weisman, 1971; Stahl 

and Carey, 1975; Hunt, 1979). The reader is referred to Farmer (1965) 

for a comprehensive summary of the modes of occurrence and theories of 

origin of carbon dioxide from an extensive survey of most of the exist

ing literature on the subject. Farmer divided the theories of origin 

of carbon dioxide into two major groups, as follows:

1. Organic theories.

a. Decay of organic matter.

b. Oxidation of hydrocarbons by mineralized waters.

2. Inorganic theories.

a. Igneous emanations.
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b. Metamorphism of carbonates.

c. Solution of limestone by ground water.

The major difficulty in accepting an organic source for carbon dioxide 

arises from the lack of significant quantities of this gas in many 

hydro carbon-pro dueing areas of the United States and in particular the 

other provinces of the Permian basin. After several meetings at which 

data were presented and discussed on the carbon dioxide problem, Mobil 

Oil scientists came to the conclusion that the most probable source of 

C O 2 in the Delaware and Val Verde basins was the deep hydrothermal and 

mineralized solutions associated with tectonic uplift, moderate meta

morphism and igneous intrusions in the Ouachita Front-Diablo Platform 

and Marathon Uplift belt in Early Wolfcamp and Tertiary time. This 

conclusion may have been partly derived from the uniform increase of 

Ellenburger CO^ content towards these areas.

Distribution

The Ellenburger carbon dioxide content ranges from 98 percent 

in the Elsinore and Toyah fields, to 2 percent in the Coyanosa field 

(Figure 45, in pocket). The reservoir exhibits a regional increase in 

COg content towards the south, southwest and west. Within the Brown 

Bassett field, the percentage of CO^ varies considerably and seems to 

be related to the fault blocks controlling the permeability of the 

reservoir (Figure 32, in pocket). This relationship consists of a 

change from block to block and not a direct relationship between quality 

of permeability and percent COg. The most productive block in the
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Brown Bassett has the highest CC^ content. Carbon dioxide is found 

in smaller quantities in formations younger than the Ellenburger. 

McGlasson (1968) has suggested that the COg in Devonian and other for

mations younger than the Ellenburger may be generally so low and erratic 

in distribution due to leakage from the Ellenburger along faults. More 

than a causal relationship must exist between basement-controlled 

faults and CO^ accumulation in faulted structures, because such a rela

tionship was also found in the Imperial Valley of California (Rook and 

Williams, 1942), Black Mesa Basin of Arizona (Turner, 1961), and the 

McCallum field, Jackson County, Colorado (Carpen, 1957). The presence 

of carbonate rocks everywhere there is a large concentration of carbon 

dioxide caused Farmer (1965) to conclude that the greater part of the 

origin of this gas is due to the breakdown of impure limestones and

dolomites under heat of intrusion.



SURFACE ANALOG OF SUBSURFACE ELLENBURGER

El Paso Group

Several systems of breccia zones occur in the southern Franklin 

Mountains, near the city of El Paso, Texas. The distribution of these 

breccias which Lucia (1971) attributed to solution collapse, can best 

be seen along the east face of the southern Franklin Mountains between 

Scenic Drive and McKelligon Canyon. Lucia reported that the most spec

tacular locations are the Quarry breccia, Lechuguilla breccia and the ' 

McKelligon sag. Because of the inaccessibility of these locations 

(especially the McKelligon sag), the exposures on the slopes just above 

the scenic drive, particularly in a quarry now used as a pistol range 

by the El Paso Police Academy and in a small canyon about 1/4 mile 

south of the quarry were studied for this report. The breccias studied 

occur in the lower 200 feet of the El Paso Group, a formation of Lower 

Ordovician age which is about 1,600 feet thick at this locality (Cloud and 

Barnes, 1946). Breccias also occur in the Montoya Limestone of Upper 

Ordovician age which overlies the El Paso Group, in the Bliss Sandstone 

which underlies the El Paso Group, and in the Precambrian granite on 

which the Bliss Sandstone rests (Halsey, 1960).

 ̂ The Franklin Mountains, a compound fault block of the Basin 

and Range type, were relatively stable from Cambrian through Early Ordo 

vician time. Several minor episodes of uplift and southward tilting 

after Early Ordovician time may have resulted in minor faulting which
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affected basal Montoya deposition (Lea, 1976). The next record of 

major activity was in the Tertiary time when the Franklin mountains 

experienced major uplift and tilting to the west, resulting in numerous 

minor faults which cross the range with small displacements as well as 

the major traverse faults and the boundary faults (Lemone, 1980, per

sonal communication).

The largest breccia zone seen in the Franklin Mountains is about 

100 feet across, even though Lucia (1971) reported breccia zones as 

large as 1,000 feet wide. Smaller zones prevail, ranging from a few 

feet to about 15 feet across (Figure 9b). Most breccia zone boundaries 

are transitional, from random breccias in their centers, outward to 

mosaic, microdil and crackle breccias. The breccia fragments are 

closely set in most random breccia zones, comprising from 60 to 75 per

cent of the total rock volume, and ranging from coarse sand-size to 

several feet across (Figure 9a). The majority of the individual breccia 

fragments fall in the pebble-cobble size range (1.2 cm to 25 cm).

Almost all of the fragments larger than 13 cm are internally fractured 

to crackle, microdil or mosaic breccias. Thin-section studies of the 

Ellenburger breccias revealed that even microscopic-size breccias are 

often internally fractured. The internally fractured breccias are 

veined with the same type of whitish calcite cement that forms the 

breccia cement, indicating that the internal fragmentation may have 

been related to the stresses that produced the larger-scale shattering 

of the rock. Residual vugs, or fracture pore space not completely 

filled with calcite, are common. In some breccias, residual vugs
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comprise up to 10 percent of the matrix volume and range in size from 

a few millimeters to 15 cm across. The vugs lined with coarsely crys

talline calcite, having sharp crystal terminations, are usually asso

ciated with large breccia fragments whose original inter-fragment pore 

space was large. The crystallinity of the calcite cement varies from 

microcrystalline to coarsely crystalline vug linings, containing indivi

duals up to 1.2 cm long. In general, the crystals become progressively 

coarser toward the centers of the original fracture pores.

The Franklin Mountain breccias may be indirectly related to 

faulting. McGlasson (1980, personal communication) reported finding 

well-exposed breccias on either side of a fault plane in the McKelligon 

canyon. McGlasson also discovered that the McKelligon Canyon breccias: 

(1) diminish in intensity rapidly away from the fault; (2) have little 

if any cementation; and (3) are mostly crackle to mosaic types. Among 

other types of breccias found in the El Paso are the intraformational 

(depositional), pheno breccias (Figure 46) and others for which there is 

no known origin.

The tight cementation of the El Paso Group breccias, by white 

microcrystalline calcite and the lack of general porosity, are two major 

differences between it and the subsurface Ellenburger breccias. These 

differences may be attributable to the mode of formation of these brec

cias in both areas. The El Paso is mostly collapse breccia, with 
calcite-rich fluids cementing the breccias while the Ellenburger is 

directly related to tectonism, with less subsurface fluids to accomplish 

a total cementation of the breccia fragments. Closely spaced tensional
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Figure 46. Pheno breccia in the El Paso Group. —  Pheno 
breccia developed along a vertical joint in 
pistol quarry. Note that the joint has been 
reopened by a recent activity. Joint filling 
is about 9 in. across.
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joints, some filled with secondary calcite, occur at the Franklin 

Mountains, suggesting tensional forces which produce a crystal volume 

increase of regional extent.

There is no evidence pointing to a particular time of origin 

for the Franklin Mountain breccias, but the area was affected by three 

major epochs of tectonic disturbances (the Marathon Orogeny of Late 

Paleozoic time, the Laramide Orogeny of Late Cretaceous and Early 

Tertiary time, and the Late Tertiary-Pleistocene epoch of Basin and 

Range faulting) which in combination may have produced the jointing and 

collapse brecciation (Halsey, 1960).



CONCLUSIONS AND RECOMMENDATIONS

This study of the Ellenburger has led to many significant 

observations about fracturing in general, the most unusual being that 
more than 99 percent of fractured reservoirs were discovered by accident. 

Only a few notable exceptions exist (Landes, 1960). Because of this 

abundance in nature and the geological literature, the search for frac

tured reservoirs should be included in the design of exploration pro

grams. This is especially important for areas where the tectonic his

tory and stratigraphy suggest chances of fracture, joint and breccia 

developments. Perhaps the most valuable contribution of this study 

is a better appreciation of the complexity of the Ellenburger problem, 

and of methods by which they can be solved. Some of the problems involve 

stratigraphy, tectonics and structural evolution, porosity and perme

ability, reservoir fluids, reservoir performance and stimulation.

The following are some important conclusions emanating from this 

dissertation.

1. The Permian basin is made up of very complexely faulted struc

tures, especially the Brown Bassett field, a southwest-dipping 

asymmetric fault-block that is internally faulted into many 

smaller fault blocks. The Ellenburger deforms principally by 

faulting and behaves as part of the basement. Numerous micro

faults are also possible in the Ellenburger. Folding is minimal 

except in parts of the Central Basin Platform and Midland Basin.
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2. Initial faulting and fracturing "of the Ellenburger dolomite

began as early as Middle Ordovician time. However, Late Missi- 

ssippian through Early Permian period is credited with: (a)

extensive tectonism, structural and trap developments; (b) 

faulting and compression; (c) extensive fracturing and brecci- 

ation; (d) development of present residual porosity; and (e) 

the most mobile fluid phase.

3. Porosity and permeability in the Ellenburger are confined to

fractures and breccia. The present porosity is due to one or a 

combination of the following variables: (a) the extent of

fracturing and brecciation; (b) the proximity of area fractured 

to the source of stress; (c) the intensity of brecciation; (d) 

the amount of cementation of the breccias; and (e) the timing of 

brecciation and cementation.

4. Most of the fracture-filling cement in the Ellenburger is dolo

mite. More than two generations of dolomite cementation and two 

types of dolomite cement have been found in fractures. Dolomite 

or anthraxolite is often the oldest material deposited in frac

tures. Anthraxolite is common in fractures and at least two 

generations are present locally. Other cementing minerals include 

quartz, anhydrite, pyrite, calcite, chert, and dolomite. Chert 

fragments and fine elastics are also common in fractures, and in 

some instances, fine elastics.

5. The sequence of mineral deposition in fractures has led to the 

recognition of at least three generations of fracturing in the
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Ellenburger of the Delaware and Val Verde Basins. An apparent 

west-to-east increase in: (a) episodes' of fracturing; (b.)

intensity of fracturing; and (c) amount of cementation within 

the Delaware and Val Verde Basins has been linked to the 

Ouachita orogenic belt, which was the sight of intense stress 

during the Marathon revolution.

6. Figures 33, 38, and 41 represent in general the present porosity 

and permeability in the Brown-Bassett, Coyanosa and Gomez fields, 

respectively. In the Brown-Bassett field, for example (Figure 31), 

the effect of faults as possible barriers to the migration of 

fluids is readily observable. The more permeable blocks contain 

northwest-southeast trends which appear to be more brecciated.

These trends are interpreted to have had more original breccia 

porosity and were not completely cemented by mineralized fluids

in the Ellenburger.

7. The more brittle a stratigraphic section is, the more fractured 

it becomes when stress is applied, depending on the proximity 

of the rocks to the source of stress. Proximity to the source 

of stress is also found to account for the preferential frac

turing and brecciation of certain intervals of the Ellenburger 

dolomites.

8. McGlasson (1968) has determined that the best porosity in the 

Brown-Bassett field contains terminated quartz crystals, while 

less permeable areas have chalcedony in the fractures but no 

crystalline quartz. This prompted him to speculate that since
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quartz is a late phase of cementation, the present porosity 

might have been formed prior to quartz deposition and that the 

tight areas were already tight when the quartz was introduced. 

Quartz is very uncommon in the Pegasus field area as a fracture 

filling.

9. Secondary calcite and dolomite probably originated in the Ellen- 

burger Group; the quartz, chert and chalcedony have been vari

ously attributed to metasomatism and post-Early Permian tecton- 

ism which might have mobilized solutions laden with silica. The 

Ellenburger anthraxolite is a residue of a former saturation 

with oil deposited from formation fluids.

10. Generally, production is related to structure, especially in the 

Brown-Bassett field where the faults which control production 

also control the distribution of COg. There is a south and 

southwest increase of CO2 within the Delaware and Val Verde 

Basins, which may be attributed to the Ouachita and Marathon 

orogenies.

11. Organic carbon and other geochemical investigations support the 

Ellenburger Group as the source of some of its reservoired 

hydrocarbons in the Delaware and Val Verde basins. In the 

Pegasus field area, the oil reservoired in the Ellenburger is

a mixture ranging in age from Permian to Early Ordovician and 

have migrated into the Ellenburger group through vertical faults 

and adjacent truncated structures.
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12. The El Paso Group, a lower Ordovician equivalent of the Ellen-

burger in the Franklin Mountains near the city of El Paso, Texas, 

exhibits breccias in surface outcrops similar to those observed 

in the subsurface Ellenburger. The only notable differences may 

be in their mode of formation and the almost total cementation of 

breccias by calcite in the El Paso Group.
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