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CHAPTER I 

INTRODUCTION 

In the Permian Basin, as well as other oil and gas 

producing provinces, the best reservoirs commonly are 

dolostones. Generally, this is due to the intercrys-

talline porosity and permeability characteristics that 

dolostones exhibit. A second, but equally important 

characteristic of major petroleum reservoirs is the 

presence of fracture porosity. Reservoirs with very low 

porosities are capable of producing large amounts of oil 

and gas through very minute fracture systems. These two 

important reservoir traits are present in the Ellenburger 

producing horizon of West Texas, and make it a major 

exploration target in the Permian Basin. 

Ellenburger production can be found in all of the 

major structural provinces of West Texas. Some of the 

most prolific Ellenburger fields include Andector, 

Dollarhide, Keystone, and Martin on the Central Basin 

Platform; Midland Farms, Pegasus, and Wilshire in the 

Midland Basin; Big Lake, Barnhart, and Todd on the Reagan 

Uplift Puckett and Brown-Bassett in the Val Verde Basin 

(Wright, 1979). The depth to the top of the Ellenburger 



varies, depending upon the province in which the 

production occurs. In the Delaware Basin it ranges from 

6,000 to 18,000 feet, in the Midland Basin from 6,000 to 

14,000 feet and from 2,000 to 10,000 feet on the Central 

Basin Platform (Galloway and others, 1983). 

In spite of the wide range of depths and the broad 

geographic distribution of Ellenburger oil and gas 

producing fields, they are remarkably similar in nature. 

Generally, these reservoirs are composed of finely 

crystalline dolomite with low permeability, fractures and 

vugs providing most of the porosity (Galloway and others, 

1983). Most of the Ellenburger producing structures are 

anticlines which have a north-northwest to south-

southeast orientation. These structures are commonly 

associated with various types of faults. The crude oil 

is low in sulfur, with an average gravity of about 45 API 

degrees. In most cases the drive for the fields is 

water, but some fields have a combination water-solution 

gas drive (Wright, 1979). 

Despite what is known about the composition and 

structure of Ellenburger fields, the regional 

paleogeography, depositional environments, stratigraphy, 

diagenesis, and tectonics are, in most instances, poorly 

understood. The purpose of this lithologic and 

petrographic study of the Magutex and P. J. Lea 



Ellenburger fields is to interpret the deposition, 

geologic history, diagenesis and porosity relationships 

recorded in the Ellenburger. Also, it is intended to be 

an aid in the discovery of new fields and the development 

of existing ones. 

Objectives 

1. Determine the depositional environments under 

which the carbonates of the Ellenburger 

formation, in the Magutex and the P. J. Lea 

Fields were deposited. 

2. Describe the diagenesis of these carbonates. 

3. Describe the porosity characteristics and their 

effect on production. 

4. Make recommendations, based on this study, for 

future exploration and development of 

Ellenburger fields. 

Magutex Field 

The Magutex Field lies in what is now the north-

central portion of the Midland Basin and just east of the 

Central Basin Platform (Fig. 1). It is located in the 

northeast corner of Andrews County, Texas, and is 

approximately 18 miles east-northeast of the town of 
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Figure 1 - Location map of Magutex and Lea Ellenburger 
fields. 



Andrews. The field is more than nine miles long and two 

miles wide. It includes parts of the following surveys 

and blocks: University Lands, Block 3, Block 4, Block 5, 

Block 8, and the G. and M. and M. B. and A. Survey, Block 

40, TWP. 3-N (Fig. 1). A complete list of well names and 

locations used in this study can be found in Appendix A. 

The Magutex Field has three major producing zones, 

the Queen (Permian), the Devonian, and the Ellenburger 

(Ordovician) . It also has some Atoka and Strawn 

(Pennsylvanian) production. The discovery well, the No. 

1 University 36994 was drilled by Magnolia Petroleum (now 

Mobil) in 1952 to a total depth of 13,918 feet and 

completed in the Ellenburger. This well has over forty 

feet of pay and had an initial potential of 556 barrels 

of oil per day. Since the initial discovery in 1952, 

over fifty wells have been drilled to and tested the 

Magutex Ellenburger. The Magutex Ellenburger has 

produced nearly seventeen million barrels of oil to 

January 1985. 

Methods of Study 

Mobil Producing Texas and New Mexico, Inc. suggested 

this thesis and supplied three Ellenburger cores from 

Magutex: 78 feet recovered from the interval between 

13,810 and 13,894 feet, and from the Magnolia Petroleum 



University No. 1-36995; 81 feet recovered from the 

interval between 13,829 and 13,910 feet, from the 

Magnolia Petroleum University No. 1-36994; and 25 feet 

recovered from the interval between 13,819 and 13,855 

feet, from the Magnolia Petroleum Fasken No. 1 "CB." 

Exxon supplied remnants of a core from the Humble Oil and 

Refining Company No. 1 State University "R" recovered 

from the interval between 13,900 and 13,911 feet. 

Chevron allowed the examination, along with access to 

thin sections, of the P. J. Lea No. 1 in Crane County. 

The well was cored between the interval of 8133 and 8443 

feet, of which approximately 303 feet were recovered. 

This core was examined to confirm interpretations of the 

depositional environments made in the Magutex Field and 

provide a larger base in order to make more regional 

interpretations. These cores were examined 

megascopically to determine the lithology, presence of 

sedimentary structures, raegafossils, depositional 

environments, and the occurrences and types of porosity. 

Descriptions of the cores used in this study are given in 

Appendix B. 

Over 35 intervals were selected from the cores for 

preparation of thin sections from the Megutex Field and 

19 from the P. J. Lea No. 1. These intervals were 

selected based upon possible changes in lithology, 



depositional environments, or questions involving 

porosity relationships. Each thin section then was 

stained with a combination of alizarin red S and 

potassium ferricyanide solution. This solution stains 

normal calcite red, ferroan calcite purple, ferroan 

dolomite blue and leaves normal dolomite unstained. Thin 

sections then were examined under a petrographic 

microscope to determine carbonate mineralogy, diagenetic 

changes, search for the presence of microfossils and to 

document paragenesis. Photomicrographs were taken of 

various thin sections to illustrate important 

relationships. Thin sections also were examined under a 

petrographic microscope equipped with an autofluorescence 

attachment to aid in determining fades. 

Cuttings were not utilized in this study for two 

reasons: (1) the cores supplied by Mobil were among the 

deepest penetrations of the Ellenburger Formation in the 

Magutex Field, and (2) due to the intense dolomitization 

it did not seem probable that cuttings could provide any 

additional information, 

A structure contour map, made on the top of the 

Ellenburger and an isopach map of the overlying Simpson 

Group were prepared from 60 electrical and radioactivity 

logs. A list of the wells utilized in this study appears 

in Appendix A. 
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Ellenburger Stratigraphy 

Rocks of Early Ordovician age (Canadian), including 

the Ellenburger Group are exposed in several widely 

spaced geographical regions including the Llano Uplift of 

central Texas, the Hueco Mountains, the Franklin 

Mountains, and the Marathon Region of West Texas and the 

Sacramento Mountains of southern New Mexico (Wright, 

1979). In each of these areas the Ellenburger and its 

equivalents have been subdivided into formation on the 

basis of local and sometimes very subtle changes that are 

not mappable over significant distances. Hayes (1975) 

observed that, while these subdivisions are "recognizable 

and useful in their local areas," confusion is caused by 

the different names given to equivalent members. Also, 

some of the names given to these formations are not 

proper in that they are not named for local geographic 

features (Hayes, 1975). In this report the correlations 

and names by Barnes and others (1959) are used because, 

at this time, these are the formation names that are most 

readily recognized by various groups working in the 

subsurface Ordovician rocks of West Texas. Figure 2 is a 

stratigraphic column which shows the Lower Ordovician 

correlations of different workers in West Texas and New 

Mexico. 
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The Ellenburger was first described by Paige (1912) 

in the outcrop area of the Llano Uplift. He named this 

unit for the Ellenburger Hills in the southeastern 

portion of San Saba County, Texas. In 1932 Dake and 

Bridge worked with an algal-sponge fauna in Burnet 

County, Texas, divided the Ellenburger into several 

faunal zones (Ijirigho, 1981). These zonations indicated 

that the Ellenburger had a Cambro-Ordovician age. Cloud 

and others (1945) elevated the Ellenburger to group 

status, and divided it into three formations, from oldest 

to youngest: the Tanyard Formation, which includes the 

Threadgill and Staendeback members, the Gorman Formation, 

and the Honeycut Formation. A series of post-Honeycut 

formations also were described from the subsurface of 

West Texas. These formations were designated as the B2a* 

unit, the B2b' unit and the C unit, and were described 

as being tentatively correlative with the Beach Mountain 

sections of West Texas. Barnes and others (1959) 

considered that these new formation names were justified, 

based upon the "lithological differences and geographic 

isolation" of the formations. 

Hayes (1975), working with outcrop and subsurface 

Lower Ordovician rocks of the southwestern United States, 

described three formations in far West Texas which are 

correlatable with the Ellenburger formations of Barnes 
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and others (1959). They are the Hitt Canyon, the 

McKelligon Limestone and the Padre formations, listed in 

ascending order. 

The Tanyard and Gorman formations of the Llano 

Uplift and their equivalent the Hitt Canyon Formation of 

West Texas, rest conformably on the Cambrian Wilberns and 

Bliss formations, respectively, except in local areas 

because of non-deposition (Hayes, 1975; Barnes and 

others, 1959). The Tanyard and Gorman formations were 

grouped together, as Hayes (1975) does, because although 

Barnes and others differentiated the two formation in the 

outcrop of central Texas, the distinction is not clear in 

the subsurface. Hayes (1975) found that the base of the 

Hitt Canyon is younger from west to east while the top is 

older from west to east. This suggested that the 

transgressive sea, in which the Lower Ordovician 

sediments were deposited came from the southwest, and not 

from the northwest as Barnes and others (1959) had 

proposed. 

The Honeycut and lower post-Honeycut formations are 

correlative with the McKelligon Limestone. "The 

McKelligon Limestone . . . overlies the Hitt Canyon 

Formation with a conformable contact, . . . in most of 

the area it is disconformably overlain by" Middle and 
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Upper Ordovician rocks of the Montoya Group (Hayes, 

1975). 

The uppermost post-Honeycut beds are correlative 

with the Padre Formation of West Texas. The Padre and 

its equivalents have a conformable contact with the 

underlying McKelligon Limestone and its equivalents. The 

upper contact, however, is marked by an unconformity. 

The upper Ellenburger beds were exposed subaerially and 

subjected to several phases of erosion before any Middle 

or Late Ordovician sedimentation occurred. Depending 

upon location, the upper Lower Ordovician is in contact 

with the Simpson, Montoya, Devonian, Mississippian or 

Pennsylvanian strata (Hayes, 1975; Barnes and others, 

1959). 

The scant fossil record and the intense 

dolomitization that has taken place in the Ellenburger 

have made correlations of outcrops difficult and 

correlations of subsurface formations almost impossible. 

The rock units described by Barnes and others (1959) are 

based upon insoluble residue studies. Insoluble residues 

are prepared by taking small samples (10 to 40 grams) of 

carbonate rock and completely dissolving it in 

hydrochloric acid. The residue is then examined 

microscopically. The residue usually consists of various 

forms of chert, quartz sand, and silt grains, but it may 
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also contain clay, feldspar, and other material not 

soluble in HCL. 

Barnes and others (1959) recognized the shortcomings 

of this method of making correlations and stated that 

"this is not a realistic approach" to correlations over 

long distances. Barnes and others (1959) had tried 

without success to correlate the Ellenburger using 

paleontological methods, physical methods (including 

electrical and radioactivity logs, x-ray examination of 

clays, magnetic susceptibility and thermoluminescence) 

and chemical methods (isotope analysis). Thus, at 

present, insoluble residues are the only method of 

regional correlation that is widely applied. 

Based upon insoluble residues, the stratigraphy of 

the Magutex Ellenburger is tentative at this time. 

Barnes and others (1959) examined core from the Magnolia 

Petroleum University No. 2-36995 and reported it to be 

part of the Honeycut Formation, of late Early Ordovician 

age. 

Ellenburger Paelogeography 

At the beginning of the Ordovician what is now North 

America was part of the ancient continent of Laurentia 

(Bambach and others, 1980). The portion of this 

continent that is now West Texas and the southwestern 
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United States was geographically located approximately 10 

to 15 degrees south of the equator (Ross, 1976). Pre-

Cambrian relief, which controlled Cambrian and early 

Ordovician deposition was generally low over much of the 

craton and was measured in tens of feet (Hayes, 1975). 

Ellenburger deposition began when a broad, shallow sea 

transgressed from the southwest. The ancient shoreline 

throughout all of Ellenburger time was not much farther 

north than the present erosional edge of Lower Ordovician 

rocks (Hayes, 1975). 

Toomey and Nitecki (1979) reported that "throughout 

much of Ellenburger time . . . an abundant . . . soft-

bodied, mud-ingesting biota" existed. The Ellenburger 

biota also contained sponges and algae or bacteria which 

often are the only preserved fossils. These fossils 

indicate that water temperatures were "warm and that 

tropical or subtropical conditions prevailed." They also 

suggested that the depositional substrate during much of 

Ellenburger time probably was soft-bottomed. Toomey and 

Nitecki (1979) inferred that the soft bottom environment 

inhibited the development of communities of hard shelled 

organisms. 

Deposition of what is now Ellenburger dolostone at 

first was thought to represent precipitation of primary 

dolomite, with some secondary replacement of limestones 
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taking place after deposition (Barnes and others, 1959; 

Wright, 1979). The idea of a primary dolomite was 

invoked and persisted because in most of the Ellenburger 

the only mineral constituent or grains present are 

dolomite. Most geologists now believe that the dolomite 

in the Ellenburger is due to secondary replacement of 

limestones (Barnes and others, 1959; Hayes, 1975; Loucks 

and Anderson, 1980). 

Ellenburger Outcrop Descriptions 

The Tanyard and Gorman formations and their 

equivalent the Hitt Canyon, are composed predominantly of 

dolostone and limestone. The dominant fades represented 

depends upon location, but in general dolostones are most 

commonly found in the subsurface and limestones in the 

outcrop. The Hitt Canyon has a high percentage of 

quartzose material in its upper and lower sections while 

the Gorman has a sandy top in the outcrops, but not in 

the subsurface. Oolitic rocks are common in the 

formation and chert commonly is found both in outcrop and 

subsurface. There are few sedimentary structures; 

however, intraformational conglomerates are common at the 

top and bottom of the Hitt Canyon, and burrows are common 

throughout its middle section. Stromatolites generally 
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are associated with these formations (Barnes and others, 

1959; Hayes, 1975). 

The Honeycut and its equivalent the McKelligon 

Limestone consist of thick sequences of limestone and 

dolostone that are relatively free of sand, but contain 

varying amounts of chert (Barnes and others, 1959; Hayes, 

1975). There formations contain algal and sponge-bearing 

beds and in some instances they have formed mound 

structures with very low relief. Because they are 

relatively simple structures, they are preserved in the 

limestone fades, but all evidence of their existence is 

lost in the dolostones (Hayes, 1975; Toomey and Nitecki, 

1979). 

The uppermost post-Honeycut beds and the Padre 

Formation consist of thinly-bedded limestones and 

dolostones with sandy bases. Subsurface units are 

locally cherty and/or oolitic (Hayes, 1975; Barnes and 

others, 1959). Hayes (1975) reported that some of the 

sandy units of the Padre Formation exhibit "small-scale 

cross lamination that may represent beach deposits." 

Fossils are scarce in these upper Lower Ordovician 

formations but trilobites, brachiopods, and some 

ceaphalopods and gastropods are present (Hayes, 1975). 
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Ellenburger Fields 

Structure rather than fades is important for 

production of Ellenburger oil and/or gas, because at the 

end of the Early Ordovician some folding and uplift 

already had occurred. These tectonic events produced 

large regional structures like the Texas Peninsula and 

the Texas Arch (Wright, 1979). Small scale anticlinal 

features also were produced. Part of the structure seen 

in the Magutex Field is due to early Ordovician 

tectonics. This can be shown by comparing the 

Ellenburger structure map to an isopachous map of the 

Simpson Group (Figs. 3 and 4). The remaining structural 

relief is due to the tectonic activity that began in the 

late Mississippian and was completed in the early 

Permian. 

Another major result of the tectonic activity has 

been the formation of fractures. Fracture development is 

dependent on a wide assortment of variables: the 

competency of the rocks, the amount of movement, and the 

direction of movement. The Ellenburger contains a large 

proportion of dolomite, one of the most brittle of 

sedimentary rock types (Stearns and Friedman, 1972). 

Because it is easily fractured and because of tectonic 

activity of the Permian Basin, fracture porosity is 

important in Ellenburger production. In most of the 
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Magutex Field 
Andrews County, Texas 

Figure 3 - Structure contour map on the top of the 
Magutex Ellenburger Field. 
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Ellenburger fields of West Texas, fracture porosity is 

essential to production, because many producing intervals 

have average porosities of only 2 or 3 percent (Ijirigho, 

1981). 



CHAPTER II 

DEPOSITIONAL ENVIRONMENTS 

Almost everyone who has investigated the Ellenburger 

previously has postulated that it was deposited in a 

warm, shallow sea (Ijirigho, 1981; Cloud and others, 

1945; Barnes and others, 1959; Wright, 1979). But none 

of these authors had attempted to determine the exact 

depositional environments in which Ellenburger carbonates 

were deposited. Loucks and Anderson (1980) described two 

depositional models for the Puckett Ellenburger Field in 

Pecos County, Texas; one for deposition of the Bliss 

Sandstone and the lower Ellenburger and another for the 

deposition of the middle and upper Ellenburger. They 

postulated that deposition of the Bliss and lower 

Ellenburger took place on coastal sabkhas and tidal flats 

of the shallow Ellenburger shelf. These deposits consist 

of "arkosic sandstones and conglomerates, interbedded 

with finely crystalline dolomite mudstones." The model 

of the deposition of the middle and upper Ellenburger is 

dominated by a complex system of intertidal and 

supratidal flats, channels, levees and ponds, that 

prograded into the subtidal environment. 

21 
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The model proposed by Loucks and Anderson (1980) is 

based largely on the study of Northwest Andros Island by 

Hardie which he wrote in 1977, in which he described the 

complex sedimentation and resulting structures that are 

formed in the tidal flat environment. Deposition and 

sedimentation in the tidal flat environment is not a 

recent idea. It has been a natural progression of the 

work begun by Irwin (1965), who described sedimentation 

in eperic seas by subdividing the environments based upon 

the hydrologic effects. Later, workers like Roehl 

(1967), Shinn (1969) and Ginsburg (1975) described in 

detail the sediments and sedimentary structures in modern 

tidal flat environments, such as the Trucial and Qatar 

coasts, of the Persian Gulf and Andros Island of the 

Bahama Platform. 

Appendix B contains descriptions and interpretations 

of depositional environments for the Mobil University No. 

1-36995, the Fasken CB No. 1 and the Chevron P. J. Lea 

No. 1. These strata indicate that (in general) 

deposition of the Ellenburger consists of a series of 

upward shoaling sequences that are stacked one upon the 

other (Fig. 5). Further, that depositition of these 

sediments took place predominantly in a tidal flat 

environment. Figure 6 represents a model for the 

deposition of the middle and upper Ellenburger in the 
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Figure 5 - Core slab representing typical upward 
shallowing sequence. 8276 feet subtidal 
deposit, note the basal reworked zone at the 
bottom, overlain with intertidal deposits, 
8272 - 8273 feet, and capped by pond fades, 
8271 feet. From the P. J. Lea No. 1. 
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thesis area. In the Mobil cores subtidal and intertidal 

deposits are more abundantly represented than supratidal 

deposits. The Chevron core has more supratidal 

desposits. The proportion of supratidal deposits to 

intertidal/subtidal environments indicates that 

deposition of the Magutex Ellenburger sediments occurred 

in a more seaward setting than the Chevron P. J. Lea No. 

1. Deposition of carbonate sediment takes place in three 

major environments: progressing seaward these are 

supratidal, intertidal and subtidal. 

Supratidal Environment 

Supratidal sediments predominantly consist of lime 

mud. The sediments are often light tan or brown in color 

due to oxidation (Asquith, 1979). These sediments are 

deposited above normal high tide and are subaerially 

exposed most of the time. Deposition takes place when 

storm tides or spring tides, carrying large amounts of 

suspended sediment, wash up onto the tidal flats (Shinn, 

1983). These extreme environmental conditions allow for 

rare or nonexistant fauna, although faunal debris can be 

washed inland during storm tides and become incorporated 

into the sediment (Asquith, 1979). 

Recognition of the supratidal environment is based 

primarily upon identification of sedimentary structures. 
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The sedimentary structures commonly associated with it 

are mudcracks (due to desiccation), lamination, which 

tend to be thick in the landward direction and thinner in 

the seaward direction, birdseye vugs (due to escape of 

gasses trapped in the sediment), and algal mats which 

form flat laminations or domes (Fig. 7, this report; 

Shinn, 1983). Another common feature of the supratidal 

environment is the presence of flat pebble conglomerates. 

These are formed by breaking up of algal material and 

curled lime mud polygons which were desiccated (Fig. 8, 

this report; Roehl, 1967). 

Supratidal deposits were identified from several 

intervals in the core examined in this report based upon 

sedimentary structures. Flat pebble conglomerates were 

recognized in the Mobil No. 1 University 36995 and the 

Chevron P. J. Lea No. 1. Algal structures while not 

definitive of a supratidal environment by themselves were 

found in all of the cores examined. 

Intertidal Environment 

Several intervals in the Magutex cores described in 

this report were identified as representing intertidal 

derpositional environments. The Chevron P. J. Lea No. 1 

contains examples of probably intertidal environments: 
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Figure 7 - Flat laminated algal stromatolite, found in 
the supratidal/intertidal fades, with flat 
pebble conglomerate. From the Mobil 
University No. 1-36995, depth of 13,845 feet. 
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Figure 8 - Core slab containing flat pebble conglomerate, 
that probably formed in the supratidal 
environment. From the Mobil University No. 1-
36995, depth of 13,862 feet. 
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Figure 9 contains examples of distorted bedding and 

predominantly vertically oriented, burrows; Figure 10 is a 

photograph of core slab that shows laminated carbonates 

with U-shaped burrows. 

Intertidal deposits consist predominantly of lime 

mud which was deposited between the normal high and low 

tides (Shinn, 1983). These sediments generally are light 

tan or light gray in color due to oxidation that occurs 

during subaerial exposure and contain few faunal remains 

(Asquith, 1979; Shinn, 1983). 

The intertidal faclesis difficult to recognize 

because it contains structure that are similar to both he 

supratidal and the subtidal fades. It may or may not 

have parallel laminations. If laminations are present 

they can be due either to sedimentation or algal 

activity. Algae may form flat laminae dome structures or 

laterally linked hemispherical structures either singly 

or in combination in the intertidal and subtidal 

environments (see Figs. 7 and 10). Burrowing organisms 

may have destroyed all bedding structure, leaving behind 

a mottled carbonate resembling a subtidal deposit. 

Birdseye vugs also may be present in the intertidal 

environment along with vertical burrows, U-shaped 

burrows, channels, interchannel flats and ponds (Asquith, 

1979; Shinn, 1983). 
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Figure 9 - Discontinuous layers from the intertidal 
environment with predominantly vertically 
oriented burrows. From the P. J. Lea No. 1, 
depth of 8187 feet. 



31 

Figure 10 - Core slab from the intertidal environment, 
with possible stromatolitic laminations and 
U-shaped burrows. From the P. J. Lea No. 1, 
depth of 8176 feet. 
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Subtidal Environment 

Generally, subtidal sediments consist of soft pellet 

mud and silt sized carbonate with varying amounts of 

skeletal grains. These sediments tend to be dark gray in 

color because reducing environments occurred below the 

depositional interface. Subtidal deposits usually lack 

any sedimentary structures because of the action of 

burrowing organisms (Asquith, 1979). Burrowing gives the 

sediments a mottled appearance after lithification, 

several of these intervals were found in the Magutex 

cores (Fig. 11) . 

Subenvironments 

In addition to the three major depositional 

environments already described, there are small 

subenvironments that are associated with the tidal flat 

complex. These subenvironments include tidal channels, 

interchannel flats, levees and ponds. 

Tidal channels and the levees that form on either 

side, are generally shallow features less than 10 feet 

deep, that extend essentially perpendicular to the 

supratidal and intertidal environments (Fig. 6). Over 

time the channels migrate laterally across the supratidal 

flats and intertidal zone. Deposition in the channels 

consists of rubble zones in the bottoms of the channels 
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Figure 11 - Subtidal environment. Note the lack of any 
laminations and mottled appearance due to 
burrowing organisms. Note the fracturing 
prevalent in many of the Ellenburger cores 
that were examined. From the Mobil 
University No. 1-36995, depth of 13,851 feet 
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composed of intraclasts from the supratidal zone and from 

underlying layers. This is overlain by a fining upward 

sequence of highly burrowed sediments (Shinn, 1983). The 

levees that form on either side of the channels are 

composed of very finely laminated mudstones (Loucks and 

Anderson, 1980; Fig, 12, this report). 

Ponds form from sea water becoming trapped in 

shallow depression on Intertidal and supratidal flats. 

The fades is generally identified as being a very fine 

mud that is highly burrowed. Several intervals are 

identified as pond fades in the P. J. Lea No. 1 (Fig. 

13). Each occurs at the top of shoaling upward cycles. 

No tidal channels were recognized. 

Several basal reworked zones were identified from 

the Magutex and Lea cores (Appendix B; Fig. 14). These 

zones are thought to form at end of a depositional cycle 

when subaerially exposed lithified carbonates were ripped 

up and redeposited during rapid transgressions (Shinn, 

1983; Jacka, 1988, per. comm.) 
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Figure 12 - Levee fades, 8285 feet, with thin dark 
laminations, sandwiched between lighter 
colored intertidal deposits. From the P. 
Lea No. 1. 
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Figure 13 - Pond fades, typically light colored, with 
mottled appearance formed at top of shoaling 
upward sequence. From the P. J. Lea No. 1, 
depth of 8271 feet. 
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Figure 14 Basal reworked zone consisting of rounded 
clasts that have been cemented with white 
dolomite, from the Mobil University No. 1 
36995, depth of 13,837 feet. 



CHAPTER III 

DOLOMITE AND DOLOMITIZATION 

The five cores that were examined in the study of 

the Magutex Field consist wholly of dolomite; some chert 

was present as a replacement mineral, but in a percentage 

so low as to be insignificant. It is appropriate here to 

examine the mineralogy, terminology and occurrence of 

dolomite. 

Dolomite is rhombohedral carbonate with an ideal 

formula of CaMg(C03)2. Ideal (stoichiometric) dolomite 

forms a mineral with planes of Ca and Mg cations 

separated by CO^ anions. In modern to Pleistocene 

carbonates ideal dolomite seldom is found. Instead, what 

is found is a mineral that is usually Ca-rich and having 

a structure unlike the ideal one described above (Land, 

1982). 

Nonideal dolomite found in nature is a metastable 

mineral, with respect to ideal dolomite. Graf and 

Goldsmith (1956) called nonideal dolomite "proto-

dolomite." They defined protodolomite as "single phase 

rhombohedral carbonates which deviate from the 

composition of dolomite that is stable in a given 

environment or are imperfectly ordered or both, but which 
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would transform to dolomite if equilibrium were 

established." Land (1980) recommended that the term 

protodolomite be dropped "since almost all (modern to 

Pleistocene) sedimentary dolomite is really 

protodolomite." 

Reeder (1981) identified three distinct types of 

dolomite using the transmission electron microscope. The 

first type of dolomite described was one of irregular 

mosaics. Irregular dolomite mosaics are due to high 

densities of crystallographic faults and dislocations. 

It is metastable, highly soluble, and has a large number 

of trace element substitutions, especially strontium and 

sodium. This type of dolomite is found only associated 

with Holocene deposits. The second type of dolomite 

identified had a lamellar or "tweed" appearance. This is 

the most common of the three forms identified and the one 

about which the least is known. It probably consists of 

two intergrown lamellar planes but the exact structure 

and composition of the planes are not known. This form 

also is metastable. The third dolomitic morphotype has a 

homogeneous appearance and is thought of as ideal 

dolomite. This type of dolomite was only found in 

ancient, deeply buried sequences and with metamorphic 

rocks. According to the descriptions by Reeder, the type 

of dolomite present is related to its genetic occurrence. 
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Chilingar and others (1979) identified three 

possible origins for dolomite. 

1. Primary dolomite. This is dolomite that is 

formed "at the sediment-water interface by 

direct precipitation from solution." 

2. Diagenetic dolomite. This type of dolomite is 

due to the replacement of carbonate grains 

after they are deposited but before there is 

significant lithification and cementation. 

This would be caused by doloraitizing waters 

that form on or near the surface and then 

travel down and laterally through the 

sediments. This type of dolomitization event 

therefore, would take place at shallow depths. 

3. Epigenetic or catagenetic dolomite. The third 

type of dolomitization would occur after 

lithification of the sediments and would be 

caused by doloraitizing subsurface fluids. This 

type of dolomitization would occur at greater 

depths than diagenetic dolomite. 

The three genetic dolomites identified by Chilingar 

and others and the three morphologies of dolomite 

identified by Reeder indicate different facets of the 

dolomite problem. How is dolomite formed and why is 

there such an abundance of dolomite in Paleozoic 



41 

formations and such a scarcity in progressively younger 

formations? 

Geologists for decades have attempted to resolve 

this problem. In order to explain the formation of 

dolomite several models have been proposed and due either 

to the author or the hypothesis, have caused considerable 

excitement at one time or another. But, as it stands 

today, there is no one unequivocal model to explain 

dolomite or dolomitization. 

Primary Dolomite 

Land (1982) described what he believed to be primary 

dolomite occurring in Baffin Bay, Texas. He found 

laterally extensive pure dolomite beds occurring in 

Holocene deposits of the bay. These beds were up to 4 cm 

thick and were laminated between alternating beds of 

aragonite and terrigenous elastics. Only small amounts 

of gypsum were found, in some cases none was found. 

When Behrens (1974) analyzed the pore fluid, he 

found a chlorinity of 36 ppt, a molar Ca/Mg ration of .15 

and a 6 0 of +2ppt. These chemical parameters are very 

similar to the waters of the bay during the summer 

months. Land proposed that the dolomite formed during 

the summer when evaporation increased the Mg/Ca ratio or 

decreased the Ca/Mg ratio. Although he does not rule out 
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the possibility of replacive origin, he considers the 

lack of gypsum and the fact that the replacement would 

have to have been almost complete, indicates that this is 

a primary dolomite (Land, 19782). 

Friedman (1980) described dolomite as an evaporitic 

mineral, formed under hypersaline conditions. Under 

these conditions evaporites and dolomite are deposited 

together. In certain strata where dolomite is present 

without the presence of other evaporitic minerals, such 

as the Lower Ordovician rocks found in New York state, he 

believes that they were removed after deposition by 

solution and that careful examination of such sequences 

will yield evidence to support this supposition. 

As further proof of his theory of dolomite as an 

evaporite, Friedman pointed out that in marginal 

hypersaline ponds of the Red Sea, evaporite minerals are 

being deposited at the present time with the concurrent 

deposition of dolomite. 

Diagenetic Dolomite 

Refluxing Models 

Most geologists agree that most dolomite is formed 

by replacement of precursor carbonates. What they cannot 

agree on is the mechanism or mechanisms that are 

responsible for the dolomitization. The predominant 
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models for diagenetic replacement can be divided into two 

categories: (1) seepage refluxion and (2) mixing of 

meteoric and sea water. 

The first and most often cited of the reflux models 

is the one presented by Adams and Rhodes (1960) to 

explain dolomitization of the Permian Reef complex in 

West Texas. They visualized a lagoon that was restricted 

by a barrier reef. The lagoonal area behind the reef 

could be divided into three distinct areas based on 

salinity: the saline, penesaline and vitasaline 

environments. The vitasaline or subtidal environment was 

located behind the reef and had salinities of 35 ppm to 

72 ppm. The penesaline environment was located in the 

area between the vitasaline backreef and the saline 

lagoonal environments and had salinities of 72 ppm to 353 

ppm. The saline environment, landward of the penesaline 

environment had salinities of 353 ppm to 520 ppm. The 

increased salinities were due to water becoming trapped 

behind the reef and concentrated by evaporation. 

Adams and Rhodes (1960) proposed that dolomitization 

took place when highly concentrated brines migrated along 

the bottom of the lagoon and seeped down into the 

underlying carbonates that had not been sealed off by 

gypsum, anhydrite and/or salt. 
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Deffeyes and others (1964) also described 

dolomitization taking place in the Netherlands Antilles 

and inferred a seepage refluxion model. 

Shinn and others (1964), while studying dolomite 

formation on Andros Island, Bahamas, discovered that the 

dolomite was being formed only in the supratidal 

environment and was associated with mud cracks. Some of 

this dolomite is buried beneath subtidal and intertidal 

deposits and made a "natural graph" of the relative rise 

in sea level. 

Shinn and others (1964) discovered Mg-enriched water 

(Mg/Ca ratio 40:1) located in capillary pores in the 

supratidal sediments and postulated that it was causing 

the dolomitization, but could not explain how the water 

had become Mg enriched. 

Jacka and Franco (1975) in their study of the 

Permian Reef of West Texas, refuted the seepage refluxion 

models as they were presented by Adams and Rhodes, and 

Deffeyes. Based on sedimentological studies they, too, 

believed that the doloraitizing fluid formed in the 

supratidal sabkha fades, but that it moved down and 

laterally through the carbonate fades. They called this 

dolomitization by hydrodynamic reflux. 

McKenzie, and others (1980) in their updated study 

of the Abu duabi sabkha presented a hydrologic raodel. In 
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this model three different conditions can exist under the 

sabkha: (1) flood recharge, (2) capillary evaporation, 

or (3) evaporative pumping. Flood recharge is 

accomplished by flooding of the supratidal zone with 

seawater, filling the capillary pores. Water than moves 

downward by hydrodynamic force. Capillary evaporation is 

the evaporation of water from the capillary zone. 

Evaporation continues until the "hydraulic gradient is 

greatest in the lower artesian, intermediate in the upper 

artesian and lowest in the sabkha sediments above the 

crust." During capillary evaporation gypsum and 

aragonite are precipitated, increasing the Mg/Ca ration 

to greater than 7. Evaporation continues until the 

ground water table is below the artisans. This initiates 

evaporative pumping. Evaporative pumping is the upward 

movement of ground water into the capillary pores; this 

provides an influx of Mg and Ca for dolomitization and 

the formation of anhydrite, respectively. 

Mixing Zone Models 

Badiozaraani (1973) proposed the Dorag (Persian for 

mixed Blood) dolomitization raodel. The essence of this 

model is that by mixing meteoric ground water with 

interstitial ground water consisting of 5 to 30% sea 

water, calcite will be replaced by dolomite. 
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Calculations made using values from Yucatan's ground 

waters showed that mixing of meteoric and sea water will 

cause them to become undersaturated with respect to 

calcite and oversaturated with dolomite, which should be 

precipitated. Badiozaraani postulated that dolomite in 

the Middle Ordovician would be associated with structural 

highs, where fresh water lenses would form above the 

brackish water mixing zones. 

The advantages of this raodel are that it does not 

require doloraitizing brine solutions, with large Mg/Ca 

rations; it does not have to be associated with sabhka 

type environments; nor does it require evaporations as a 

driving mechanisra. 

Dunham and Olson (1980) proposed a raeteroic mixing 

model, based upon the Dorang model, to explain 

dolomitization of the Ordovician and Silurian deposits of 

Central Nevada. Dolomitization of these deposits took 

place after deposition but it was an early diagenetic 

even. Dolomite is found in all types of ancient 

carbonate fades (subtidal, intertidal, supratidal and 

deep marine) but the most important feature is that no 

evaporitic deposits are associated with these deposits. 

Paleogeographic reconstructions and sedimentological 

evidence suggest that a humid-tropical environment, not 

an arid one was the environment of deposition. 
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Epigenetic Dolomite 

Mattes and MountJoy (1980) proposed a raodel for 

doloraitization at great depth for the Upper Devonian in 

Canada. In their model shales provide the Mg necessary 

for the dolomitization. Traveling through a series of 

fractures, the doloraitizing fluids are brought into 

contact with the carbonates. They believe that the 

increased teraperatures and pressures that are encountered 

at great depth raake it easier for the doloraitization 

process to occur, and that doloraitization can occur with 

lower concentrations of magnesiura. 

Discussion 

There are a multitude of proposed models for 

dolomitization. The problem is that no model has yet to 

gain widespread acceptance in the geologic community 

because no model has withstood close scrutiny completely 

intact. 

Most of the theories concerning dolomitization are 

either reflux models or meteoric mixing ones. Most 

geologists recognize that the vast majority of dolomite 

is due to replacement of carbonate at shallow to moderate 

depths. The conflict arises because of the two types of 

dolomite, one is associated with evaporitic minerals such 
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as gypsum, anhydrite, and salt and the other which is not 

associated with evaporites. 

The reflux models are generally applied to dolomitic 

sequences that have evaporite minerals and are presumed 

to have been deposited in arid climates. Meteoric mixing 

zone models are applied to sediments that have no ^ 

evaporitic minerals and are thought to have been 

deposited in humid environments. 

Hardie (1987) believes that both the mixing zone and 

reflux models contain serious flaws and that neither are 

valid as they are now described. He went on to propose 

that already too much time may have been wasted trying to 

raake these two raodels work and it is tirae to try sorae new 

approaches to dolomitization. 

It may be that there is no one exclusive model, but 

actually there are several possible mechanisms. Sears 

and Lucia (1980) inferred, in a study of Niagara reefs in 

Northern Michigan that the tidal flat deposits had been 

doloraitized by hypersaline brines while the reef raaterial 

was doloraitized by freshwater and seawater mixing. 

Future research into doloraite and doloraitization will 

require integration of petrographic, stratigraphic, 

mineralogical and geocheraical procedures. 
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Magutex and P. J. Lea 
Ellenburger Dolomite 

The dolomite found in the Magutex and P. J. Lea 

Ellenburger Fields consists of diagenetic doloraite, 

formed by the replacement of carbonate sediment after 

deposition, but before deep burial and lithification. 

The dolomite found in these two fields is not 

associated with any evaporitic deposits, however this can 

not be used to accurately infer climatic conditions, or a 

meteoric and sea water mixing model. It is known from 

other field studies that it is coraraon to find evaporite 

minerals in Ellenburger deposits (Barnes and others, 

1959; Loucks and Anderson, 1980; Ijirigho, 1981; and 

Chadwick, 1987). Possible methods of dolomitization of 

the Ellenburger are discussed in the following section. 



CHAPTER IV 

DIAGENESIS 

Initial Mineralogy 

The original Magutex Ellenburger carbonates 

initially consisted predominantly of metastable aragonite 

and high Mg-calcite. The carbonate grains that initially 

were deposited probably were composed principally of 

aragonitic, calcitic and high raagnesian calcitic fossils, 

ooids, peloids, grapestones and algae. Some of this 

sediment was formed in the subtidal environment and moved 

by waves, currents and storm activity into the intertidal 

and supratidal environments (Shinn, 1983). 

Early Diagenesis in the 
Marine Environment 

Micritization of carbonate grains is one of the 

first diagenetic changes to take place in newly deposited 

carbonates. Bathurst (1975) proposed that micritization 

was due to the boring activity of algae and possibly 

fungi. The empty bore holes are filled with raicritic 

carbonate, and as this process continues over a period of 

time the grains become raicritized. The long term effect 
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of micritization is that the micritized grains become 

less susceptible to later diagenetic changes. 

Figure 15 is a photomicrograph showing micritized 

ooids that were found in the Mobil University No. 1-

36994. Micritization is not a coraraon diagenetic 

phenoraenon in the sediments of the Magutex Ellenburger 

Field because most of the sediments deposited consisted 

of fine lime mud and not carbonate grains. Also, 

dolomitization has obliterated most of the original 

carbonate textures. 

Dolomitization and Doloraite Ceraent 

The aragonitic and high Mg-calcite sediments in the 

Magutex Field were exposed to doloraitizing fluids (fluids 

that had a relatively high Mg/Ca ratio) before they 

becorae lithified. This resulted in the dolomitization of 

the sediments. Jacka (1975) described two different 

textures that are formed by dolomitization of lime mud 

and carbonate grains; he called them paramorphic and 

neomorphic. Paramorphic textures are formed when 

sediments were initially stabilized (lithified) to 

limestone by fresh water, and dolomitization preserves 

the original calcitic textures. Neomorphic 

doloraitization occurs when sediments are exposed to the 

doloraitizing fluids before they were lithified. 
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Figure 15 - Ooids deposited by storra or wave activity. 
Grains have been micritized and replaced by 
microquartz. Note the tectonic fracturing 
and the subsequent displacement of the ooids 
From the Mobil University No. 1-36995, depth 
of 13,833 feet. 
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Generally, neomorphic replacement initially forms 

euhedral, rhombic dolomite that completely replaces the 

original textures of the carbonate mud and grains (Fig. 

16) and exhibits an idiotopic fabric with much secondary 

intercrystalline porosity. 

Nearly all dolomite in sediments of the Magutex 

Ellenburger Field is neomorphic; however an example of 

pararaorphically doloraitized scalenohedral calcite cement 

was noted in other Figures. If doloraitizing fluid 

continues to discharge through the sediraents, after 

replacement has been completed, epitaxial ceraent will be 

deposited on the replacive rhombs. This cement appears 

as clear rims on the usually cloudy replacive rhombs 

(Fig. 17). If cementation continues, comproraise 

boundaries form and the doloraite will develop a 

hypidotopic fabric. Hypidotopic dolomite is typified by 

subhedral crystals and compromise boundaries (Friedman, 

1965; Fig. 16, this report). If the cementation process 

continues a xenotopic fabric composed of interlocking 

anhederal doloraite crystals will forra. The recognition 

of different doloraite fabrics and their formation is of 

importance because of its effect upon porosity and 

permeability. 

Idiotopic fabrics exhibit the best porosities and 

permeabilities. As cementation occurs and the resulting 
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Figure 16 - Photomicrograph showing neo-morphic 
hypidiotopic texture created by 
doloraitization of unstabilized carbonate 
sediments. From the Mobil University No. 1 
36695, depth of 13,851 feet. 
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Figure 17 - Epitaxial cements deposited as clear rims on 
the darker replacive dolomitic rhombs. The 
light brown clay was deposited, within the 
Intercrystalline pores of the idiotopic 
fabric, as vadose internal sediment. From 
the P. J. Lea No. 1, depth of 8340 feet. 
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hypidiotopic and xenotopic fabrics are formed, porosity 

and permeability decrease progressively. Therefore, it 

is inferred that the farther from the source of the 

doloraitizing fluids, the greater are the chances of 

encountering increased porosities and permeabilities 

(Jacka and Rahman, 1986). 

It is proposed that the source of the fluids that 

doloraitized the sediments in the Magutex Ellenburger 

Field was located to the west of what is now Andrews 

County, Texas. The paleo-shoreline of the Ellenburger 

sea shifted at various times during deposition, but 

probably was located not much farther west than the 

present day Ellenburger pinch out in southeastern New 

Mexico (Hayes, 1975). 

As stated earlier, sediraents of the Magutex 

Ellenburger Field were doloraitized before they were 

lithified. Further, it is proposed that the 

doloraitization occurred at shallow depths of burial. 

This is exactly the opposite of the raodel proposed by Lee 

and Friedraan (1987) for dolomitization of the 

Ellenburger. Based on core samples they inferred that 

Lower Ordovician sediments were doloraitized predominantly 

during deep burial diagenesis. Lee and Friedman divided 

the Ellenburger into five varieties. Type I is a fine to 

medium crystalline dolomite that consist of fine 
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xenotopic crystals that they infer to have formed in 

supratidal and intertidal environments at shallow depths. 

The second important type is the Type III dolomite which 

forms most of the sediment and generally had a xenotopic 

fabric of large crystals. They suggest that this Type 

III dolomite is formed by deep burial diagenesis 

(catagenesis), because dolostone occurs to the exclusion 

of limestone below a depth of 10,000 feet (3 km) in the 

Ellenburger (Lee and Friedman, 1987). 

Two items make this hypothesis unacceptable. First, 

Barnes and others (1959), which Lee and Friedraan quote as 

a reference, describe limestone occurring in cores and 

cuttings from the Ellenburger at depths below 10,000 feet 

in Andrews County, Bandera County, Lubbock County, Reagan 

County and Val Verde County, Texas. In some instances 

limestone occurs at depths greater than 15,000 feet. 

Secondly, Figure 18 is a photomicrograph of a thin 

section that includes a sharp contact between two 

Ellenburger intervals in the Mobil University No. 1-

36995. Reijers and Hsu (1986) describe the formation of 

sharp contacts as being indicative of rapid changes in 

depositional environments. The photomicrograph shows a 

coarsely crystalline idiotopic-hypiotopic dolomite above 

and a finely crystalline, hypiotopic-xenotopic doloraite 

below the contact. These different fabrics and their 



58 

>*•-•, 
• ^ ' < ^ ^ 

- * m^.^^ 
^^ o 

^ 
J 

- • / 
•>i" 

Vv̂  
?• 

Figure 18 - Sharp contact between two Ellenburger 
dolostone intervals. Note the abrupt change 
in the doloraitic fabric above and below the 
contact in the photomicrograph. This abrupt 
change suggests that dolomitization of the 
lower interval took place before the upper 
interval was deposited and subsequently 
doloraitized. From the University No. 1-
36995, depth of 13,824.5 feet. 
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association with the sharp contacts suggest that the 

lower interval was deposited and then doloraitized, before 

deposition and dolomitization of the upper interval. As 

the doloraitizing fluids raoved through the uppermost 

interval and formed idiotopic fabrics, part of that fluid 

may have deposited epitaxial ceraent on the previously 

doloraitized lower sediraent and forraed hypidotopic and 

xenotopic fabrics below the contact. A similar series of 

fabrics is repeated in the interval between 13,??? and 

13,894 feet (Fig. 19). If dolomitization occurred at 

relatively great depths of burial, such abrupt changes in 

fabric would not be expected. 

Calcite Ceraent 

A secondary void in a dolostone was filled by blocky 

equant calcite cement (Fig. 20) which records 

precipitation in a generalized phreatic environment. 

This could have been precipitated at moderate to great 

depth, and is the only calcite cement noted in any of the 

Ellenburger cores in this study. 

Silica 

Silica is present in the sediraents of the Magutex 

Ellenburger Field, but it is not abundant. Silica was 

found occurring in three raorphologies: raegaquartz, 
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Figure 19 - Photomicrograph of the depositional contact 
in the Mobil University No. 1-36695, depth of 
13,894 feet. Note the idiotopic/hypidiotopic 
fabric above the contact and the hypidotopic/ 
xenotopic fabric below. The below interval 
has been replaced partially by silica. 
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Figure 20 - Photomicrograph of late stage scalenohedral 
calcite cement that has filled void (red). 
From the P. J. Lea No. 1, depth of 8194 feet 
A first generation of scalenohedral calcite 
ceraent (Sc) was doloraitized pararaorphically. 
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microquartz and length slow chalcedony. Megaquartz 

commonly occurs as a ceraent (Fig. 21). 

Jacka (1974) showed that silica nucleates in organic 

rich sediraents. This seems to be the case in the Magutex 

sediments where microquartz was found replacing algal 

stromatolites (Fig. 22). 

The emplacement of silica in carbonates is generally 

associated with meteoric ground water, because meteoric 

ground water Is usually saturated with silica, while 

seawater is undersaturated. The presence of internal 

sediment in many Ellenburger intervals indicates 

subaerial exposure and meteoric diagenesis. Hurd (1973) 

while studying cores of recent sediments from the Pacific 

Ocean found that interstitial water is significantly 

enriched with silica in the upper meter of sediment as 

compared with the overlying oceanic water. The exact 

conditions under which silica replacement takes place in 

carbonates are not known at this time, nor are the 

sources of silica. It is generally thought that silica 

replacement occurs at low temperatures and before there 

is significant lithification (Jacka, 1974; Dapples, 

1979). 



63 

Figure 21 - Megaquartz cementing a fracture from the 
Hurable University "R" No. 1, depth of 13,902 
feet. 
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Figure 22 - Silicified doraal stroraatolite. (a) From a 
core slab. 
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Figure 22 - Continued. (b) Photomicro-graph showing 
partial replacement of domal stromatolite, 
shown previously in Figure 22 (a), by 
microquartz on left and right sides of 
micrograph. 
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Pyrite 

Pyrite is present in the Magutex sediments and 

occurs as small euhedral cubes. Pyrite is not associated 

with any one particular sediment or environment, but is 

found scattered through the core samples. The formation 

of pyrite generally is linked to reducing environments. 

Stylolites 

Stylolites represent the interface between two 

sediment layers and form by pressure solution (Bathurst, 

1975). Solution is generally parallel to the bedding 

plane. The pressure is applied by linear stress, usually 

vertical. The pressure is most often due to the 

overburden. The unusual appearance of stylolites is due 

to different solubilities of the rock. Most stylolites 

are post-cementation events (Bathurst, 1975). 

Stylolites are present in the Magutex sediments, but 

are not coraraon. They usually contain concentrations of 

hydrocarbons or related organic raaterial and other 

insoluble constituents (Fig. 23). 

Fractures 

The presence of fractures in the Magutex and Lea 

Ellenburger fields is an extreraely coraraon occurrence 

(Figs. 24 and 25). These fractures are assumed to be 
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Figure 23 Stylolite. (a) Stromatolitic core slab 
showing stylolite (S) in the Mobile No. 1 
36994, depth unknown. 
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Figure 23 - Continued. (b) Photomicrograph showing 
stylolite exhibited in the core from the 
Mobile University No. 1-36994, depth unknown, 
shown previously in Figure 23 (a). Note 
concentration of dark organic matter. 
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Figure 24 - Tectonic fractures found in the Mobil Fasken 
"CB" No. 1, unknown depth. 
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Figure 25 - Core slab photograph of tectonic fracture 
from the P. J. Lea No. 1, depth of 8417 feet. 
Note that the fracture was healed with 
dolomite cement, then, tectonicly fractured a 
second time. 
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tectonic in origin. While non-tectonic fractures are 

comraonly represented in sediraentary sequences, the 

number, morphology and structural history of the Magutex 

and Lea Ellenburger suggest that these fractures are 

tectonic in origin. 

Stearns and Friedraan (1972) described the processes 

that lead to the tectonic fracturing of sediraentary 

sequences as a complex interaction between pressure, 

temperature and strain rate. Under these varying 

conditions any sediraentary rock can be fractured. Two 

other iraportant coraponents of fracture formation are 

ductility of the rock, which is related to pressure, and 

cementation. They defined two causes of tectonic 

fracturing, those caused by faults and those forraed by 

folding. 

Fractures associated with faults generally are 

caused by the same stresses that forraed the faults. 

Therefore, if the orientation of the fractures is known 

the orientation of the fault(s) can be determined, and 

vice versa. 

Seismic data from the well files of Mobil Producing 

Texas and New Mexico, Inc., Midland, indicate the 

possible presence of a low relief fault that trends 

north-south along the east side of the Magutex Field. It 

is proposed that the presence of this fault, along with 
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the folding that formed the Magutex structure, combined 

to form the fractures that are present in the cores 

provided by Mobil in the study. 

Fractures due to folding are more complicated 

because the rock that is fractured can have several 

different stress states, each producing a unique set of 

fracture patterns. Stearns and Friedraan (1972) 

identified two raajor fracture patterns due to folding 

(there are three additional minor patterns). The first 

pattern consists of two conjugate shear fractures and an 

extension fracture. These suggest that there has been 

compression in the dip direction, resulting in elongation 

in the strike direction and no change normal to the 

bedding. The second pattern also has two conjugate shear 

fractures and an extension fracture but their 

orientations show that there has been elongation in the 

dip direction and a shortening in the strike direction 

(Stearns and Friedraan, 1972). 

Because of their effects on porosity and 

perraeability, deterraining the principal stress directions 

and the types of fractures forraed and their orientation 

can have iraportant iraplications in the exploration and 

production of hydrocarbons. It is beyond the scope of 

this thesis to deterraine exact fracture patterns and 

stress directions, for which it is necessary to have 
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orientated cores. None of the cores from Magutex or the 

Lea fields were oriented. 

Breccias 

The formation of breccias in sedimentary rocks is of 

importance because it yeilds an increase in porosity and 

permeability. Ijirigho (1981) compiled a broad 

classification for different types of breccias based upon 

their mode of formation. This classification, however, 

is not very useful in core analysis because there is 

usually not enough information present to identify the 

cause of the brecciation with certainty. Therefore, in 

this thesis a modified form of his classification has 

been adopted. All breccias are considered to be either 

tectonic or non-tectonic. 

Tectonic breccias are the result of fracturing that 

takes place when sedimentary rocks are folded and/or 

faulted. The breccia fragments can be almost any size 

from 1/16 mra to boulder size. These fragments usually 

are "sharply angular regardless of size" (Ijirigho, 

1981). Usually, these breccias do not have internal 

sediment associated with the fragments, but they may be 

cemented (Fig. 24). 

Non-tectonic breccias may form by desiccation, 

cavern collapse, and various depositional processes 
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(Ijirigho, 1981). The fragments found in non-tectonic 

breccias may be more rounded than tectonic breccia 

fragments and may contain internal sediment (Fig. 26). 

The majority of the non-tectonic breccias observed 

in this study are the result of subaerial exposure of 

Lower Ordovician strata and their subsequent erosion 

under karst-like conditions. Barnes (1984) documented 

several major Ordovician sea level changes in Canada, the 

United States, the Arctic and Newfoundland which he 

attributed to glacial eustatic events. He found that at 

the end of the Canadian Epoch a major regression 

occurred. The breccias found in the Lower Ordovician of 

West Texas are nearly identical to breccias described in 

Lower Ordovician rocks of Tennessee and Newfoundland, the 

origin of which has also been attributed to karstic 

environments (Collins and Smith, 1975; and Kyle, 1976). 



75 

Figure 26 Non-tectonic breccia formed in the Mobil 
University No. 1-36994, unknown depth. Voids 
among breccia clasts are filled by internal 
sediment. 



CHAPTER V 

POROSITY AND PERMEABILITY 

Primary Porosity and Permeability 

There is almost no remaining primary porosity in the 

Magutex Ellenburger Field. The original Ordovician 

aragonitic lime mud had high intercrystalline porosities, 

with raode'-ate permeabilities, but with compaction and 

doloraitization these were quickly destroyed (Bathurst, 

1975). 

Ooid grainstones provided some initial intergranular 

porosity, but ooids are only present as storm lag 

deposits, washed shoreward, and are not a major facies in 

the Magutex Field. The intergranular porosity created 

among the grains has been occluded by cementation. 

The third type of primary porosity present is found 

in the supratidal facies in the forra of birdseye vugs 

(Fig. 27). Bathurst (1975) attributes the formation of 

these vugs to desiccation and the presence of gas bubbles 

trapped in the lime raud. Because the supratidal 

environment is so hostile to burrowing fauna these vugs 
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Figure 27 - Birdseye vugs. (a) Core slabs showing 
probable birdseye vugs in intertidal deposit 
form Mobil University No. 1-36994, unknown 
depth. 
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Figure 27 - Continued. (b) Intertidal facies with 
birdseye vugs, from the Mobil University No. 
1-36994, unknown depth. Voids are rimmed by 
white dolomite cement crystals. Thin section 
taken from core slabs shown previously in 
Figure 23A. 
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have been preserved. Although cementation by dolomite 

cements has occluded some of this, original porosity, most 

of them remain open. 

Secondary Porosity and Permeability 

Secondary porosity and perraeability account for 

almost 100% of the interconnected pore space in the 

Magutex and Lea Ellenburger Fields due to the neomorphic 

replacement of the aragonitic lime mud by doloraitizing 

fluids, brecciation and fracturing, 

Dolomitization initially produced idiotopic fabrics 

with high porosities and permeabilities. Unfortunately, 

with continued dolomitization, doloraitic epitaxial 

cements were deposited on the rhombs destroying most of 

the newly created porosity and permeability. 

The idiotopic fabric that was preserved in some 

cases has been sealed off by the deposition of asphaltlc 

raaterial (Fig. 28). Ijirigho (1981) reported that this 

is a coraraon occurrence in many Ellenburger fields. He 

suggested that these hydrocarbons were deposited by water 

that carried the hydrocarbons as dispersed droplets. 

These droplets were deposited over long period of time in 

the pore spaces of the Ellenburger sediraents. The 

hydrocarbons then were reduced by fractionation, forming 

the solid asphaltlc residue. 
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Figure 28 - Photomicrograph of idiotopic fabric from the 
Mobil University No. 1-36994. The dark 
material in the intercrystalline pore is 
asphaltlc hydrocarbon, unknown depth. 
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Porosity logs and core analysis from the Magutex 

Field generally show porosities in the range of 0 to 5%. 

The core analysis from the P. J, Lea No. 1 indicates 

porosities of 1 to 3 percent, with short intervals, 

usually one foot, with slightly higher percentages. Core 

analyses from the Magnolia Petroleum Co. University No. 

1-36994 and the Chevron P. J. Lea No. 1 show 

permeabilities of generally less than 10 md. except in 

the fractured zones, which ranged from 57 to 126 rad. 

It would seem from these porosity values that this 

formation is not capable of producing much if any oil, 

yet the Mobil leases alone have produced over 2.2 ralllion 

barrels of oil. 

This production is due priraarily to fractures 

present in the Ellenburger Formation. Fractures provide 

sorae porosity for hydrocarbons, but heir raost iraportant 

contribution comes in the form of increased permeability. 

Fractures provide a path to the well bore for all the 

birdseye bugs and pockets of idiotopic and hypidotopic 

doloraite that contain hydrocarbons (Fig. 29). Stearns 

and Friedraan (1972) have proposed formulas to estimate 

the porosity and perraeability values in fractured 

reservoirs, because the forraulas for conventional 
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Figure 29 - Photoraicrograph of a fracture from the Mobil 
Fasken "CB" No. 1, unknown depth. The 
fracture has been partially cemented by 
dolomite, the dark material on either side of 
the fracture is asphaltlc residue in the 
intercrystalline pores. 



sandstone and carbonate reservoirs do not provide 

accurate values. 

Doloraite ceraents have partially, or in sorae cases 

corapletely, filled the fracture in the Magutex and Lea 

fields (Fig. 30). Porosity in the Lea Field has also 

been diminished by calcite cements and the filling of 

fractures and voids by internal sediraent (Fig. 31). 
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Porosity/Permeability and Cave-fill 

Kerans (1987) in a study of the Emma Ellenburger 

Field identified three distinct zones in the Ellenburger: 

(1) cave roof; (2) cave-fill; and (3) a lower collapse 

zone. 

Data from this study indicated that after deposition 

of the Ellenburger in the Emraa Field, a cave developed 

due to karstification of the sediraents (Kerans, 1987). 

Following initial solution of the sediraent, part of the 

cave rood collapsed creating a breccia zone on the bottom 

of the cave floor. During deposition of the Simpson 

Group the cave was filled. Two zones, the fractured cave 

roof and the brecciated cave floor became productive oil 

zones. The cave-fill consisting of detrital Simpson 

material acts as a permeability barrier creating two 

distinct reservoirs. 
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Figure 30 - Dolomite ceraent occluding fracture porosity 
in the Chevron P. J. Lea No. 1, depth of 8195 
feet. 
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Figure 31 - Core slab with internal sediraent 
void. Frora the P. J. Lea No. 1, 
8250 feet. 

filling 
depth of 
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Kerans infers that the Ellenburger, contrary to 

popular belief, is not a homogeneous reservoir, but 

instead is a vertically heterogeneous one. He believes 

that in many Ellenburger reservoirs, located in the 

Permian Basin, that there exist a "widespread system of 

caves, sinkholes, joint controlled solution features and 

collapse breccias . . ." creating as yet untouched 

reserves (Shirley, 1988). 

The Chevron P. J. Lea No. 1 is very similar to the 

Emraa Field described by Kerans. Except that it does not 

behave as his raodel suggests. The P. J. Lea No. 1 was 

productive from 8167-8443 feet, or from the top of the 

Ellenburger to within five feet of TD (total depth). The 

cave-fill in this well did not act as a permeability 

barrier instead, when tested it produced the highest flow 

rates of the entire section (James Cearly, 1988, personal 

communication; Figs. 32 and 33, this report). 
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Figure 32 - Core slab and photoraicrograph of cave side 
wall (on right) and cave fill (on left). 
From P. J. Lea No. 1, depth of 8340 feet. 
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Figure 33 - Simpson Group cave fill. (a) Core slab 
showing internal sedimentation cavern fill 
(Cf). Frora P. J. Lea No. 1, depth of 8359 
feet. 
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Figure 33 - Continued. (b) Photomicrograph of Simpson 
cave fill show above in Figure 33A. Frora P 

depth of 8359 feet. J. Lea No. 1 



CHAPTER VI 

PARAGENESIS 

The Magutex Ellenburger sediments were deposited 

predorainatly in a tidal flat environment, as sequences of 

supratidal, intertidal and subtidal sediments. Changes 

in sea level were probably due priraarily to glacial 

eustatcy (Barnes, 1984). Tectonic events raay have been 

responsible for local variations. 

Dolomitization of the aragonitic lime muds occurred 

before it became lithified and stablized by freshwater 

diagenesis. Dolomitization occurred in stages as 

deposition took place. This resulted in epitaxial 

cements being deposited on the previous idiotopic fabrics 

and occlusion of porosity and permeability. 

At the end of the Late Canadian, before deposition 

of the Simpson, the Ellenburger sediments in the Magutex 

Field were folded. This produced some of the structure 

that is present and the first stage of fracturing. These 

fractures eventually were filled with dolomite cement. 

It could be argued that the so-called folds represent 

buried erosional hills. The fact that the Ellenburger 

fields are oriented north-south or northwest-southeast 

90 



91 

suggests a tectonic rather than an "erisional hill" 

origin. The association of fractures with the structures 

also supports a tectonic origin. 

As the Ellenburger sea regressed, leaving the shelf 

exposed, a karst topography developed. During this time 

carbonates (sulfates ?) were dissolved forming large 

voids, sinks and caves. Some of these voids became 

filled with collapsed rubble frora the overlying 

Ellenburger and filled with internal sediment, forming 

thick non-tectonic breccia zones. Other caves and voids 

became partially or corapletely filled with detrital 

material frora the Simpson Group. Deposition of the 

Ordovician Simpson marked the end of Late Canadian, 

Ellenburger time. 

After deposition of the Simpson, a first phase of 

hydrocarbon migration and entrapment occurred in the 

Magutex Field. Through the process of fractionation 

these hydrocarbons were reduced to a solid state, sealing 

off much of the porosity that was present in the upper 

zones. 

During the time between deposition of the Simpson 

and the end of the Permian the Permian Basin was 

subjected to intervals of tectonic activity. This 

activity subjected the sediraents of the Magutex Field to 

increased stress which resulted in more folding 
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(increased structural closure) and the formation of new 

fractures. These new fracture systems formed tectonic 

breccias that are responsible for the more productive 

zones in the Magutex Field. Sorae of these fractures 

subsequently were partially or corapletely occluded by 

doloraite ceraents. Due to the increased overburden, 

stylolites formed by pressure-solution. 

After formation of stylolites, second phase 

hydrocarbons migrated into the sediments, and became 

trapped in the intercrystalline voids, birdseye vugs and 

fractures. 



CHAPTER VII 

SUMMARY AND CONCLUSIONS 

The Magutex Ellenburger Field, in northeastern 

Andrews County, Texas, is located on a north-south 

trending anticline. Formation of this anticlinal feature 

began in the early Ordovician and continued through the 

end of the Permian. 

The facies found in the Magutex Ellenburger Field 

consist of alternating series of shoaling upward 

sequences, composed of supratidal, intertidal and 

subtidal sediraents that were deposited on a shallow 

shelf. This environment is very similar to the ones that 

exist now in the Persian Gulf and on the Bahama Platform. 

These deposits were doloraitized before they becarae 

lithified. Doloraitization of the Ellenburger Formation 

did not occur by deep burial diagenesis as Lee and 

Friedman (1987) have suggested. 

Doloraitization has been responsible for creation of 

some of the secondary porosity that is present, in the 

forra of idiotopic and hypidotopic fabrics, which results 

in the forraation intercrystalline porosity. This 

porosity was created during the neomorphic replacement of 
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carbonate mud and grains. Continued dolomitization has 

resulted in the loss of porosity due to the deposition of 

epitaxial cements on the dolomitic rhombs and in the 

fractures. 

Fracturing of the Magutex Ellenburger strata is 

responsible for most of the preserved porosity and 

permeability found in the field. The fractures formed as 

a result of folding and faulting of the brittle dolomitic 

facies of the Ellenburger at the end of the early 

Ordovician. 

The end of the Ellenburger deposition was marked by 

regression of the sea and exposure of the Ellenburger 

Formation. This exposure resulted in the forraation of 

karst topography. The karstification resulted in the 

forraation of non-tectonic breccias, such as those 

described in this report and caves like the ones found in 

the Pegasus Ellenburger Field in Midland and Upton 

counties, Texas (Chadwick, 1987). These breccias formed 

as a result of post-depositional alteration (karsting) 

and were not syndepositional as Loucks and Anderson 

(1980) had proposed. 

A second phase of fracturing occurred in these 

sediments between the Mississippian and the end of the 

Permian when the Permian Basin was tectonically active. 
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The following conclusions can be made with regard to 

the exploration and production of. similar fields based 

upon the results of this study. 

1. Facies is not a deterraining factor in obtaining 

production of oil and/or gas in the Ellenburger 

Formation. 

2. Structure is a primary requirement for 

production. 

3. The forraation of structure has the secondary 

effect of creating fractures in the brittle 

dolostone, which produces secondary porosity in 

the relatively nonporous formation. 

4. Breccias forraed during karstification and 

resulted in increased porosity and 

perraeability. 

5. Future exploration trends could be found by 

first making subsurface structure contour raaps 

to deterraine likely structures and then 

verifying thera with seisraic data. 

6. After initial exploratory wells are drilled, 

preferred locations for developraent wells could 

be deterrained by studying the fractures frora 

oriented cores. 



96 

7. Each Ellenburger field must be evaluated 

individually with regard to whether or not it 

is a stratified reservoir or not. 
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OPERATOR/WELL NAME/LOCATION* 

Atlantic Richfield Co. 
University "5" No. 1 
Univ. Lands Blk. 8 Sec. 1 

Atlantic Richfield Co. 
University "5" No. 2 
Univ. Lands Blk. 5 Sec. 30 

Atlantic Richfield Co. 
University "5" No. 3 
Univ. Lands Blk. 5 Sec. 30 

Jack Blair and R. W. Meriweather 
University "13" Deep No. 1 
Univ. lands Blk. 4, Sec. 13 

Champlin Petroleura Co. 
University Deep "N" No. 10 
Univ. Lands Blk. 5 Sec. 18 

David and Inez Fasken 
No. 1~X Fasken "A" 
G & M M B & A Sur. Blk. 40 Sec. 39 

David and Inez Fasken 
Fasken Fee 2—A 
G & M M B & A Sur. Blk. 40 Sec. 37 

L. R. French JR. 
University "30" No. 2 
Univ. Lands Blk. 5 sec. 30 

L. R. French JR. 
University "30" No. 3 
Univ. Lands Blk. 5 Sec. 30 

L. R. French JR. 
University "30" No. 4 
Univ. Lands Blk. 5 Sec. 30 

Gulf Oil Corp. 
P. J. Lea and others No. 1 
PSL Sur. Blk. 32 Sec. 40 
Crane, County, Texas 
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Humble Oil and Refining Co. 
State University "R" No. 1 
Univ. Lands Blk. 8 Sec. 15 

King Resources 
Rhillips University No. 1--27 
Univ. Lands Blk. 4 Sec. 27 

Lone Star Producing 
State Lease No. 1 
Univ. Lands Blk. 4 Sec. 25 

Magnolia Petroleura Co. 
No. 1 University 36991 
Univ. Lands Blk. 8 Sec. 8 

Magnolia Petroleura Co. 
No. 1 University 36995 
Univ. Lands Blk. 8 Sec. 17 

Magnolia Petroleura Co. 
No. 2 University 36995 
Univ. Lands Blk. 8 Sec. 17 

Mognolia Petroleum Co. 
No. 3 University 36995 
Univ. Lands Blk. 8 Sec. 17 

Magnolia Petroleura Co. 
No. 4 University 36995 
Univ. Lands Blk. 8 Sec. 17 

Magnolia Petroleum Co. 
No, 1—DD Fasken--Block "CB" 
G & M M B & A Sur. Blk, 40 Sec. 37 

Magnolia Petroleum Co. 
No, 2—DD Fasken—Block "CB" 
G & M M B & A Sur. Blk. 40 Sec. 37 

Magnolia Petroleura co. 
No. 1 Fasken—Block "CC" 
G & M M B & A Sur. Blk. 40 Sec. 28 

Mobil Oil Corp. 
University of Texas No. 36995—4 
Univ. Lands Blk. 8 Sec. 17 
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Mobil Oil Corp. 
University of Texas No. 36995—5 
Univ. Lands Blk. 8 Sec. 17 

Phillips Petroleum Co. 
University of Texas "CC" No. 1 
Univ. Lands Blk. 5 Sec. 42 

Phillips Petroleura Co. 
University of Texas "CC" No. 3 
Univ. Lands Blk. 8 Sec. 5 

Phillips Petroleura Co. 
University of Texas "CC" NO. 4 
Univ. Lands Blk. 5 Sec. 42 

Phillips Petroleura Co. 
University of Texas "CC" No. 5 
Univ. Lands Blk. 5 Sec. 42 

Phillips Petroleum cjo. 
University of Texas "CC No. 8 
Univ. Lands Blk. 5 Sec. 31 

Phillips Petroleura Co. 
University of Texas "CC" No. 11 
Univ. Lands Blk. 5 Sec. 31 

Phillips Petroleura Co. 
University of Texas "CC" No. 23 
Univ. Lands Blk. 4 Sec. 36 

Phillips Petroleura Co. 
University of Texas "CC" No. 25 
Univ. Lands Blk. 5 Sec. 31 

Phillips Petroleura Co. 
University of Texas "CC" No. 26 
Univ. Lands Blk. 5 Sec. 31 

Phillips Petroleura Co. 
University of Texas "CC" No. 27 
Univ. Lands Blk. 5 Sec. 31 

Phillips Petroleura Co. 
University of Texas "CC" No. 28 
Univ. Lands Blk. 5 Sec. 42 
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Phillips Petroleum Co. 
University of Texas "FF" No. 1 
Univ. Lands Blk. 3 Sec. 12 

Phillips Petroleura Co. 
University of Texas "TT" No. 1 
Univ. Lands Blk. 5 Sec. 41 

Phillips Petroleura Co. 
University of Texas "UU" No. 1 
Univ. Lands Blk. 3 Sec. 1 

Stanolind Oil and Gas Co. 
University of Texas "BN" No. 1 
Univ. Lands Blk. 5 Sec. 8 

Stanolind Oiil and Gas Co. 
University of Texas "BM" No. 1 
Univ. Lands Blk. 8 Sec. 6 

The Texas Corapany 
State of Texas "AU" No. 1 
Univ. Lands Blk. 5 Sec. 22 

The Texas Company 
State of Texas "CE" No. 10 
Univ. Lands Blk. 5 Sec. 19 

Texaco, Inc. 
State of Texas "CE" No. 11 
Univ. Lands Blk. 5 Sec. 19 

Texaco, Inc. 
State of Texas "AC" No. 12 
Univ. Lands Blk. 5 Sec. 19 

Texaco, Inc. 
State of Texas "CE" No. 13 
Univ. Lands Blk. 5 Sec. 19 

Texaco, Inc. 
State of Texas "CJ" No. 5 
Univ. Lands Blk. 5 Sec. 19 

Texaco, Inc. 
State of Texas "CJ" No. 6 
Univ. Lands Blk. 5 Sec. 19 



Texaco, Inc. 
State of Texas "CM" No. 9 
Univ. Lands Blk. 5 Sec. 18 

Texaco, Inc. 
State of Texas "CM" No. 10 
Univ. Lands Blk. 5 Sec. 18 

Texaco, Inc. 
State of Texas "CM" No. 11 
Univ. Lands Blk. 5 Sec. 18 

Texaco, Inc. 
State of Texas "CM" No. 12 
Univ. Lands Blk. 5 Sec. 18 

Texaco, Inc. 
State of Texas "CN" No. 7 
Univ. Lands Blk. 4 Sec. 24 

Texaco, Inc. 
State of Texas "CN" No. 9 
Univ. Lands Blk. 4 Sec. 24 

Texas Pacific Oil Co. 
University of Texas "V" No. 2 
Univ. Lands Blk. 4 Sec. 13 
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*Note: All wells listed are located in Andrews County, 
Texas, except the Gulf Oil Corp. P. J. Lea and 
others, which is located in Crane County, Texas. 
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no 
Gulf Oil Corp. 

P. J. Lea and Others, No. 1 
PSL Survey Block 32 Section 40 

Crane County, Texas 

Depth in Feet 

8167 and 8169 

8170 

8171-8178 

Description of Core 

Subtidal deposits; doloraite; no 
porosity; no sediraentary 
structures; slightly fractured, 
healed with doloraite ceraent; 8168 
is raissing. 

Pond deposits; completely 
doloraitized; light gray; very 
slight fracture porosity is the 
only visible porosity, healed with 
doloraite ceraent; raottled 
dolostone. 

Intertidal deposits; corapletely 
doloraitized; raediura gray; no 
porosity; very faintly laminated; 
sharp contact marked by color 
change is not due to any apparent 
change in depositional 
environment; 8175-8176 has 
verticle burrows. 

8179-8192 Supratidal deposits; corapletely 
doloraitized; raediura to dark gray; 
sorae fracture porosity, partially 
filled with doloraite ceraent; thick 
noncontinous beds. 

8193 Intertidal deposits; corapletely 
doloraitized; gray; fracture 
porosity, sorae of which are 
partially filled with dolomite 
ceraent; straignt, thick parallel 
laminations. 

8194-8195.5 Basal reworked zone; clast are 
dark gray, set in white dolomite 
cement; porosity is present in the 
form of vugs found in the cement. 



8195.6-8212 

8213-8252 

8253 

8254-8257 

8258-8260 

8261-8268 

Supratidal deposits; raediura gra 
corapletely doloraitized; good 
porosity forra the intense 
fracturing, sorae of which are 
partially healed with doloraite 
cement, and birdseye vugs poros 
decreases rapidly; thick 
convoluted bedding and flat peb 
congleraerate present. 

Ill 

y; 

ity 

ble 

Supratidal/intertidal deposits; 
corapletely doloraitized; light to 
dark gray; porosity is variable, 
fractures are partially to 
completely healed with dolomite 
ceraent; raottled and larainated 
intervals are present, along with 
flat pebble congleraerates. 

Basal reworked zone; good porosity 
exist between the clast from 
solution of ceraent, there is sorae 
intersediraent in these voids. 

Intertidal deposits; corapletely 
doloraitized; light to raediura gray; 
poor porosity due to healing of 
the fractures by doloraite cement; 
this interval contains basal 
reworked zone, due to the 
discontinuous nature of the core 
it is difficult to interpret this 
interval. 

Supratidal deposits; completely 
doloraitized; light gray; moderate 
visible porosity due to solution 
of dolomite cements found in the 
fractures; thick convolute 
laminations and basal reworked 
zone. 

Intertidal deposits; completely 
doloraitized; light gray to gray in 
color; poor porosity due to lack 
of fracturing; finely larainated 
with basal reworked zone. 



8269-8272 

8273 

8274-8275 
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Pond facies; light gray corapletely 
doloraitized; raottled; moderate to 
good porosity due to solution of 
doloraite ceraent that is filling 
fractures. 

Intertidal deposits; corapletely 
doloraitized; gray; partially 
healed fractures; faint 
laminations. 

Subtidal deposits; dark gray; 
doloraitized; poor porosity due to 
healing of fractures with doloraite 
cement. 

8276 

8277-8281 

8282 

8283-8289 

8290 

Basal reworked zone; subtidal 
clast set in baroque doloraite. 

Intertidal deposits; corapletely 
doloraitized; light gray; highly 
fractured but poor porosity due to 
ceraentation by doloraite cement; 
raottled with sorae faint, broken 
laminations; grades into a medium 
dark gray dolostone at 8280-8281. 

Cave fill. 

Intertidal deposits; completely 
doloraitized; light to raediura gray; 
thin wavey larainations; poor to 
moderate porosity due to 
fracturing which are partially 
healed with doloraite ceraent; basal 
reworked zone; 8285 is interpreted 
to be a levee facies with its thin 
dark laminations. 

Supratidal deposits; medium gray; 
doloraitized; poor porosity due to 
solution of vugs and some 
fracturing which has been 
paritally healed; thick 
noncountinuous beds. 

8291-8292 Missing. 
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8293.5-8298 

8299-8330 

8331-8338 

8339 

8340-8359 

8360-8374 

8376-8381 

8382-8395 

Supratidal deposits; gray to 
medium gray; corapletely 
doloraitized; poor porosity, rock 
is fractured but they are healed 
with dolomite cement; thick 
noncontinous bedding and flat 
pebble conglomerate and mud crack 
clast. 

Sharp contact of cave roof and 
cave fill consisting of clast and 
dolomite sand. 

Intertidal deposits; brown; 
corapletely doloraitized; porosity 
is poor except in the interval at 
8336 which has a basal reworked 
zone that contains excellent 
porosity. 

Supratidal deposits; corapletely 
doloraitized; gray; light gray; no 
visible porosity; stylolite. 

Cave fill consisting of doloraite 
sands, clast and Sirapson deposits 

Intertidal deposits; doloraitized; 
fair fracture porosity, sorae 
solution vugs which have been 
partially healed by dolomite 
cement; some larainations. 

Pond deposits; light to medium 
gray; doloraitized; fair fracture 
porosity sorae of which have been 
healed; mottled dolostones. 

Intertidal deposits; raediura to 
dark gray; doloraitized; faint 
larainations, some are continous 
and others are not; highly 
fractured but only fair porosity 
is present due to healing. The 
bottom interval of 8395 contains 
basal reworked zone. 



8396 

8397 

8398-8402 

8403-8410 

8411 

8412-8417 

8418 

8419-8420 

8421-8428 

8429-8442 
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Supratidal deposits; raediura gray; 
thick noncontinuous bedding; 
doloraitized; highly fractured but 
only fair porosity due to healing. 

Intertidal deposits; gray; 
doloraitized; highly fractured poor 
porosity due to ceraentation; 
finely laminated. 

Pond facies; light gray; mottled; 
doloraitized; no visible porosity. 

Intertidal to supratidal (?) 
deposits; light to raediura gray; 
doloraitized; sorae intervals are 
thickly bedded, others have thin 
larainations and basal reworked 
zone. 

Basal reworked zone; clast 
ceraented in dolomite ceraent. 

Intertidal deposits; light to 
raediura gray; laminated; poor 
porosity due to healing of 
fractures. 

Levee facies; gray; finely 
laminated. 

Pond facies; gray; raottled; 
doloraitized; low porosity. 

Levee facies; gray to dark gray; 
doloraitized; finely larainated; 
slight fractured, poor porosity. 

Supratidal to intertidal deposits; 
medium to dark gray; has 
characteristics coraraon to both 
facies, thick and thin 
larainations; poor to fair 
porosity. 



Mobil Producing Texas and New Mexico Inc. 
Fasken "CB" No. 1 

G. & M. M. B. & A. Survey Block 40 Section 37 
Andrews County, Texas 
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Depth in Feet 

13,825-1.5* 

1.5-2.75 

2.75-4.0 

Description of Core 

Collaspe zone, nontectonic 
breccia; corapletely doloraitized; 
slight fractured, only visible 
porosity; fracatures have been 
partially healed with doloraite 
ceraent. 

Contact between collaspe zone and 
supratidal deposits; completely 
doloraitized; raediura gray; 
fracatured porosity; basal 
reworked zone, soft sediraent 
deforraation. 

Intertidal deposits; corapletely 
doloraitized; raediura gray; algal 
larainations. 

4.0-5.3 

5.3-5.5 

Subtidal zone; completely 
doloraitized; raediura gray; 
fractured porosity, sorae of which 
have been healed by doloraite 
ceraent; raottled appearance. 

Basal reworked zone; intraclast 
show show slight rounding; clast 
are ceraented with baroque 
dolomite. 

5.5-7.2 Subtidal zone; completely 
doloraitized; raediura gray; facture 
porosity, sorae of which habe been 
partially healed with dolomite; 
mottled dolostone; large voids 
have formed from solution of the 
faractures; tectonic breccia. 



7.2-7.4 

7.4-7.5 

7.5-8.5 

8.5-14 

14-14.75 

15-17 

17-17.8 
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Basal reworked zone; corapletely 
doloraitized; raediura gray; clast 
are large, angular and ceraented 
baroque doloraite. 

Subtidal zone; intercrystalline 
porosity has been destroyed by 
asphaltlc material deposited 
between the crystals. 

Subtidal zone; completely 
doloraitized; raediura gray; 
fractured porosity, some fractures 
have been solution enlarged; 
raottled appearance. 

Intertidal zone; corapletely 
doloraitized; light gray; slight 
fracture porosity; very faint 
laminations, series of sylolites 
present from 13.97-14 feet. 

Asphaltlc doloraite, possibly 
raottled subtidal deposits, no 
sharp contact. 

Subtidal to intertidal zone; 
completely doloraitized; medium 
gray; fracture porosity, which 
have been partially healed with 
dolomite ceraent; raottled 
appearance in sorae places and 
others have wisp of larainations. 

Intertidal zone (?); corapletely 
doloraitized; gray; sediments 
contain large chert intraclast and 
other dolomitic intraclast. 

*Note: Exact depth intervals for this core are unknown, 
therefore descriptions are based upn footage of 
core. 



Mobil Producing Texas and New Mexico Inc. 
University of Texas Lease No. 1-36994 
University Lands Block 8 Seciton 17 

Andrews County, Texas 
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Depth in Feet 

13,829-* 

*-13,910 

Description of Core 

Collapse zone; the entire core is 
collapse, that formed during the 
karstification that occurred at 
the end of the early Orodivician. 
Teh core has been completely 
doloraitized. The clast are 
generally large and angular with 
internal sediraent filling hte 
voids between thera. Porosity is 
present due to fracturing and 
solution, forming voids. Voids 
and fractaures have been partially 
healed by doloraite cement. 

*Note: Exact depth intervals for this core are unknown. 



Mobil Producing Texas and New Mexico Inc. 
University of Texas Lease No. 1-36995 
University Lands Block 8 Section 17 

Andrews County, Texas 
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Depth in Feet 

13,819-13,828 

Description of Core 

Intertidal zone; completely 
doloraitized; core is black to 
13,824.4 due to asphaltlc raaterial 
that fills the intercrystalline 
voids, and is light gray below 
this depth; porosity is poor due 
to lack of fracaturing; bedding is 
slightly thickened in sorae 
intervals and thin to wispy 
larainated in others. 

13,828.4-13,829.8 Supratidal deposits; corapletely 
doloraitized; light gray; poor 
porosity; flat pebble congleraerate 
and soft sediment deformation. 

13,829.8-13,835.9 Intertidal deposits; completely 
doloraitized; medium gray; poor 
porosity due to lack of 
fracturing; 13,829.8-13,832 
contains oolites that have been 
washed into the intertidal zone, 
13,832-13834 coantains stylolites 
and 13,834-13,835.9 has algal 
laminations. 

13,835.9-13,836.2 

13,836.2-13,836.3 

13,836.3-13,838.1 

Subtidal zone; corapletely 
doloraitized; medium to dark gray; 
poor porosity; raottled dolostone. 

Rubble zone; clast in baroque 
doloraite. 

Supratidal zone; corapletely 
doloraitized; gray; poor visible 
porosity; 13,836.3-13,837 has flat 
pebble congloraerate, 13,837-
13,837.9 interval of flattened 
birdseye vugs partially filled 
with doloraited cement. 
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1-3,838.1-13,850 Intertidal zone; corapletely 
doloraitized; medium gray; fair 
porosity due to increased 
fracturing, some of which has been 
solution enlarged; lagal 
laminations. 

13,850-13,857 Subtidal zone; corapletely 
doloraitized; medium gray; poor to 
fair porosity due to fracturing; 
raottled dolostone. 

13,857.5 Rubble zone; core in poor 
condition. 

13,858-13,862 

13,862-13,863 

13,864-13,893.5 

13,8?-13,??? 

Intertidal zone; corapletely 
doloraitized; medium gray; core in 
noncontinous core. 

Supratidal zone; completely 
doloraitized; raediura gray; flat 
pebble conglomerate. 

Intertidal zone; completely 
doloraitized; raediura gray; good 
porosity due to the intense 
fracaturing, the interval around 
13,891 is a good exaraple of a 
tectonic breccia; 13,874.4 
stylolite. 

Rubble zone. 
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