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Geology of the Late Paleozoic Horseshoe Atoll

in West Texas

DONALD A. MYERS,' PHILIP T. STAFFORD," AND
ROBERT J. BURNSIDE'

ABSTRACT

Regional geology.—The Horseshoe atoll
is a subsurface accumulation of fossilif-
erous limestone which is as much as 3,000
fect thick and which was deposited dur-
ing Pennsylvanian and early Permian
time in the northern part of the Midland
basin, in western Texas, It is a horseshoe-
shaped mass about 90 miles across in an
east-west direction and about 70 miles
from north to south. The crest of the atoll
is a series of irregular hills and depres-
sions, and the flanks slope gently away to
merge with a broad limestone platform
on which the atoll rests. Large quantities
of petroleum have been produced from
reservoirs in the eastern and southern
parts of the atoll.

The Midland basin is an asymmetric,
subsurface structural and sedimentary
basin, bounded by the Matador arch on
the north, the Central Basin Platform on
the west, and the Ozona “high” on the
south. The sedimentary rocks in the Mid-
land basin belong to the Quaternary, Ter-
tiary, Cretaceous, Triassic, and Permian
through Cambrian systems. The thickest
and most complete sequence of sedimen-
tary rock is found on the western side of
the basin. In most of the Midland basin,
rocks belonging to the Pennsylvanian sys-
tem consist of a thin sequence of nonfos-
siliferous shale and siltstone, but in the
Horseshoe atoll the Pennsylvanian rocks
are many limes as thick and include very
little noncarbonate or nonfossiliferous
material.

Characteristics of the reef rocks—The
limestone in the Horseshoe atoll is com-
posed mainly of nonbedded clastic calcium

1 Geologist, Geological Survey, U.S, Department of the
Interior.

carbonate debris of organic origin. It is
bonded by lithified lime mud and by cal-
cite cement. The limestone may be classed
as calcilutite, calcarenite, and calcirudite
according to the dominant size of the con-
slituent grains; the calcirudite commonly
contains large fragments of pre-existing
reef rock indicating reworking of the ma-
terials that form the atoll. The only litho-
logically distinet units that are traceable
{rom well to well in the atoll ave thin beds
of dark bituminous shale.

Porosity in the reef rocks is almost en-
tirely secondary. Effective porosity ranges
from almost nothing to 30 percent. Studies
of cores and well logs have shown that the
atoll contains zones of relatively high
porosily (more than 4.5 percent) having
little arvgillaceous material, alternating
with zones of relatively low porosity (less
than 4.5 percent) having considerable
argillaceous material. Chemical analyses
indicate the limestone generally contains
nmore than 97 percent calcium carbonate.
Insoluble residues average about 1.4 per-
cent of the total limestone by weight.

Stratigraphy.—The rocks that form the
Horseshoe atoll have been assigned to the
Strawn, Canyon, and Cisco groups of the
Pennsylvanian system and to the Wolf-
camp series of the Permian system. Rocks
of Strawn age in the atoll have a maximum
thickness of 750 fcet. They are generally
overlain by rocks of Canyon age, but in
many places they are overlain by rocks of
Cisco or Wolfcamp age. Reef rocks of
Canyon age have a maximum thickness
of 800 feet and arc generally overlain by
rocks of Cisco age, although in some
places they are overlain directly by rocks
of Wolfcamp age. Reef rocks of Cisco age
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have a maximum thickness of 600 feet,
and those of Wolfcamp age have a maxi-
mum thickness of 1,000 feet.

As a result of reworking of the reef
rocks at several times during the growth
of the atoll, the rocks of the different ages
are distributed irregularly and discon-
tinuously. Thus, reef limestone of Wolf-
camp age is found in places high on the
crest of the atoll; in places low on the
flanks of the atoll; and in places extend-
ing tonguelike into shale of Wolfcamp
age surrounding the atoll. Studies of the
fusulinid faunas in the atoll as related to
the porosity zones indicate that these
porosity zones may have time-stratigraphi-
cal significance. Thin beds of shale ap-
pear to mark unconformities in the atoll.

The Horseshoe atoll is underlain by
bedded limestone and shale of Strawn and
Atoka ages. Throughout most of the area
of the atoll these rocks rest on limestone
of probable Mississippian age, but in east-
ern Mitchell County they rest direcily on
the Ellenburger.

Rocks overlying the atoll are of Woll-
camp age and consist of gray to black
shale, siltstone, sandstone, and small
amounts of limestone. The terrigenous
rocks immediately overlying the atoll ap-
pear to have been deposited as a south-
westward-transgressing delta, which pro-
gressively smothered the atoll and ended
its growth.

Paleontology~—A study of faunal as-
sociations indicates that crinoids and
fusulinids are the most abundant fossils
in the reef rock. Brachiopods, bryozoans,
corals, and mollusks are less abundant.
Algae are believed to have been present,
although little positive evidence of algae
has been observed in the atoll.

The reef limeslones of the atoll lie al-
most wholly within the zones of Fusulina,
Triticites, and Pseudoschwagerina. Strati-
graphic differentiation within the zone of
Triticites was based on evolutionary de-
velopment within the genus, as well as on
first appearance of other genera.

Evidence of reworking was found in the
Horseshoe atoll. Mixed fusulinid faunas

were noted in many calcirudites. The fos-
sils conlained in the reef rock indicate
that the atoll probably accumulated in
tropical marine waters of normal salinity.
Turbidity was slight during periods of
maximum reef development.

Subsurface structure—Complex strati-
graphic relationships caused by reef and
reeflike carbonate masses and abrupt
facies changes in the rocks of Pennsylva-
nian and Permian ages tend to obscure the
effects of tectonic movements in the area of
the atoll, except for the major regional
structures. Contours drawn on rocks
younger than the Horseshoe atoll gen-
erally reveal structures resulting from
draping and differential compaction
rather than from actual tectonic move-
ments. Contours drawn on rocks older
than the Horseshoe atoll reveal a regional
dip to the west and southwest ranging
from about 20 to 200 feet per mile. Two
major reglonal structural features, how-
ever, are present in the lower Pennsyl-
vanian rocks on which the atoll rests—
a syncline curving around the western
and southern sides of the atoll and a
regional nose plunging to the southwest
in the lagoonal area. These features may
have partly controlled the position and
shape of the atoll.

Origin of the atoll—Studies of the li-
thology, porosity, and fusulinid faunas
suggest that several periods of erosion
took place during the development of the
Horseshoe atoll, alternating with periods
of growth. It is believed that the alternalion
between growth and erosion is related 1o
changes in sea level. The Midland basin
was subsiding, probably with little inter-
ruption, during this time. Low slopes on
the flanks of the aloll are mainly a result
of reworking of the reel rock-—particular-
ly during periods when the sea level was
low—and lateral spreading of the result-
ing detritus.

The shape of the atoll may be explained
by the action of winds and currents. Simul-
taneous deposition of carbonate material
in the atoll and noncarbonate material in
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immediately adjacent parts of the Mid-
land basin indicates abrupt and imporiant
differences in characteristics of the waler
and currents in diffcrent parts of the basin.

Geologic history.—Carbonate sediments
were deposited during most of Mississip-
pian time in the area now occupied by the
Horseshoe atoll. During Chester (?) time
terrigenous muds entered the area and
were deposited concurrently with the car-
bonate sediments. During Morrow(?)
time the Matador arch underwent erosion,
and arkosic sands and gravels were de-
posited in the northern part of the Mid-
land basin. During Atoka lime, carbonate
and terrigenous sediments were deposited
in the western part of the Midland basin.
Near the Matador arch the arkosic sands
and gravels were slill being deposited. In
late Atoka or early Strawn time the eastern
part of the basin emerged, and rocks of
Atoka and Mississippian ages were trun-
cated by erosion. Deposition may have
continued in the western part during this
time. In early Sirawn time, a biostromal
limestone was deposited over the entire
area. During Wolfcamp time, terrigenous
muds encroached upon the atoll from the
northeast and east, progressively smother-
ing reef. The last of the atoll was buried
in the late Wollcamp time.

The history of the development of the

atol] appears to be one of fluctuating sea
level coupled with transgressing and re-
gressing rcef growth, erosion, and occa-
sional incursions of terrigenous muds.

Oil and gas—Qil was first produced
from reef rocks in 1938; however, dis-
coveries of large reservoirs were not made
until 1948 when the part of the atoll under-
lying Scurry County was drilled. From
January 1, 1939, to December 31, 1953,
oil production from the Horseshoe atoll
was 244,066,994 barrels. Production in the
atoll is from reef rocks of Strawn, Canyon,
Cisco, and Woldcamp ages. The bituminous
shales of Wollcamp age surrounding the
atoll are suspected to be the source of the
oil.

The oil reservoirs and fields of the atoll
are interconnected by the stratigraphically
lower, more porous parls of the reef. They
are also connecled with the structurally
high water-saturated parls of the reef, Be-
cause of the porosity zonation, a natural
water drive will be effective only in those
zones which have zood porosity and per-
meability and which lie in direct contact
with the oil-water interface. It is believed
that Lthe technique developed in correlating
zones of diflerent porosily will aid in the
understanding of the porosity relationships
in the atoll and in secondary recovery
efforts.



INTRODUCTION

In recent years, many important investi-
gations of both modern and ancient reefs
have been made. Most students of reefs
(including King, 1948 ; Teichert and Fair-
bridge, 1948; Adams and Frenzel, 1950;
Fairbridge, 1950; Ladd et al., 1953 ; New-
ell et al., 1953; and MacNeil, 1954a and
b) have investigated living reefs or fossil
reels exposed at the surface. Only a few
workers, such as Lowenstam (1950), have
undertaken comprehensive studies of reefs
in the subsurface. Although these investi-
gators have contributed much to the gen-
eral knowledge of reefls, many problems
remain, particularly in regard to the na-
ture and origin of the ancient rcefs, some
of which are important deeply buried res-
ervoirs of petroleum.

It has been estimated (Imbt, 1950) that
more than half the world’s petroleum re-
serves are contained in carbonate reser-
voirs. Of the carbonate reservoirs, rocks
classed as “reefs” probably contain the
largest volume of reserves. Detailed studies
of some of these carbonate reservoirs for
which abundant subsurface data are avail-
able may help to determine the signifi-
cance of these reeflike masses and to solve
some of the problems of exploring {or pe-
troleum in these rocks,

This paper summarizes the available in-
formation about one of the most produc-
tive and extensively drilled oil-bearing car-
bonate accumulations in North America.
This carbonale mass—a horseshoe-shaped
accumulalion of limestone—called the
“Horseshoe atoll” by Adams et al. (1951,
fig. 1) is buried more than 6,000 feet be-
neath the plains of western Texas. In Jan-
uary 1948, oil was discovered in the atoll
in JToward County, Texas. Later that year
the largest limestone reservoir in North
America, part of the Scurry oil field, was
discovered in the Scurry County part of
the atoll. Prior to March 1954, 42 fields
had been found, mainly along the crest of
the atoll, As a result of Lthe extensive petro-
leum exploralion, a large amount of sub-

surface information about the Horseshoe
atoll is available in rccords of more than
5,000 wells drilled into the atoll. This in-
formation is summarized and interpreted
in this paper in the hope that it will aid
petroleum exploration and promote a bet-
ter understanding of other reeflike car-
bonate masses.

The terms “atoll” and “reef” have been
gencrally applied to this subsurface horse-
shoe-shaped accumulation of limestone, al-
though, as noted by Heck, Yenne, and Hen-
best (1952a, p. 5), the limestone does not
contain important amounts of readily
recognizable frame-building reef organ-
isms. However, this limeslone mass likely
had many characteristics of a reef during
its growth.

It is possible that the Horseshoe atoll
may have originated as an organic bank or
shell bank, rather than as an organic reef,
as these lerms are commonly dcfined by
students of modern reefs. This is suggested
by the absence of identifiable reef core and
by the scarcity of identifiable frame-build-
ing organisms in the cores from wells pene-
trating the atoll. N

Whether the Horseshoe atoll originated
as an organic reef or an organic bank is
not conclusively indicated by the evidence
now available; therefore, the terms “reef”
and “atoll” are used throughout this paper
with the realization that this limestone ac-
cumulation may not be an organic reef as
defined by many geologists.

L.ocATION AND EXTENT OF THE
HorsrsHOE ATOLL

The Horseshoe atoll underlies part of a
16-county area in western Texas (fig. 1)
bounded by the 30° 007 and 33° 30’ paral-
lels and by the 100° 45/ and 102° 30’ me;
ridians. It is 70 miles across from north to
south and 90 miles across from east to
west and, in some places, as much as 3,000
feet thick. The northern end of the atoll, in
Lynn and Crosby counties, is open. The
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crest of the atoll is a series of mounds ris-
ing as much as 700 {eet above the inlerven-
ing parts of the atoll; the flanks are in-
dented by irregular re-entrants, particu-
larly along the eastern side.

Structurally, the Horseshoe atoll lies in
the northern part of the Midland basin, a
subsurface feature that was a topographic
depression at the time the atoll was formed.
It is south of the subsurface Matador arch
(at the north end of the Midland basin)
and east of the Central Basin Platform.

HOCKLEY [LUBBOCK | CROSB¥AOICHNENE]
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nantly prairie, containing scattered brushy
growths of mesquite. Average rainfall is
19 to 20 inches a year. The region has an
average population density of about 18.5
persons per square mile, and its principal
industries are oil, cotton, and cattle.
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In 1949, the U. S. Geological Survey, in
cooperation with the Bureau of Economic
Geology of The University of Texas, began
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Fic. 1. Index map of area covered by this paper.

The area of this paper is within the
High Plains physiographic province and
has genlly rolling topography. Elevalions
range from less than 2,000 to about 3,500
feet above sea level. The land is predomi-

an investigation of reeflike carbonate rocks
of Pennsylvanian and Permian ages in
weslern Texas. The purpose of this investi-
gation, which has been concerned mainly
with the Horseshoe atoll, was to assemble
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all available information {from cores and
logs of holes penetrating these carbonate
accumulations; to determine the strati-
graphic relationships of the reefllike rocks
to the underlying, overlying, and flanking
rocks; to determine as far as possible the
nature, geologic history and genetic sig-
nificance of these accumulations as an aid
in exploration for other similar carbonate
reservoirs; and to suggest interpretalions
of the origin and migration of oil in these
rocks thal may aid in peiroleum recovery.

In 1951, the U. S. Geological Survey
and the U. S. Bureau of Mines were asked
by the Petroleum Administration for De-
fensc Lo make a joint study ol the geology
and reservoir characleristics of the part of
the Horseshoe atoll that underlies Scurry
County, Texas, which is called the Scurry
oil field and includes producing areas that
have been or are known as the Diamond-
M, Kelly, North Snyder, Kelly-Snyder, and
Sharon Ridge Canyon oil fields. This in-
vestigalion was completed in 1952, and the
results of the geologic study have been re-
ported by Rothrock et al. (1953) and Ber-
genback and Terricre (1953} .

The present paper incorporates all the
data obtained during the special study of
the Scurry oil field, as well as a large
amount of additional data on the entire
Horseshoe atoll and adjacent areas com-
piled in the cooperative study of Pennsyl-
vanian and Permian reeflike carbonate ac-
cumulations in Texas. It includes all data
available prior to March 1, 1954. Inas-
much as the area is one of active explora-
tion, data obtained by drilling after that
date may necessitate considerable modifi-
cation of the maps accompanying this
paper.

IFor this paper Stafford studied the area
consisting of Crosby, Dickens, Garza,
Kent, Lubbock, Mitchell, and Scurry coun-
ties; and Burnside studied Andrews, Bor-
den, Dawson, Gaines, Howard, Lynn,
Martin, and Terry counties (fig. 1). Myers
conducted the paleontological work for the
entire arca.

Although this paper is a cooperative

product of the U. 8. Geological Survey and
the Bureau of Economic Geology of The
Universily of Texas, the classification and
nomenclalure of the rock units accord, for
Lthe most part, with that of the two organi-
zations but differ somewhat from that of
the U. S. Geological Survey.

Prrvious INVESTIGATIONS AND REPORTS

Before 1949 little subsurface informa-
tion was published on the older rocks in
the area underlain by the Horseshoe atol}
inasmuch as relatively few tests for oil had
extended into rocks older than Leonard
(Permian). Early workers were mainly
concerned with regional geology and sur-
face stratigraphy. After 1949, more de-
tailed subsurface work was published, but
most of the studies were limiled to rela-
tively small areas such as those covered
by a single oil field, although a few writers
(Adams et al., 1951, and Jones, 1949 and
1953) have discussed regional aspects of
the subsurface stratigraphy of the Midland
basin. N

Stewart (1950) and Van Siclen (1950)
reported on some aspects of the Iorseshoe
atoll in Scurry County; Heck, Yenne, and
Henbest (1952a) discussed the presence
of Schwagerina in the reef and ils impli-
cation regarding the Pennsylvanian-Per-
mian boundary:; Anderson (1953) re-
ported on the Wellman oil field in Terry
County; and Bergenback and Terriere
(1953} described the petrography of the
limestone in the Scurry reef. Rothrock et
al. (1953) published a map showing the
general configuration of the Scurry
Counly part of the aloll and arrived at
some preliminary conclusions regarding
the genesis of the atoll. Burnside (in
press) studied the southern part of the
Horseshoe atoll in Borden and Howard
counties and presented a cyclic theory of
reef growth. Stafford (in press (a)) ex-
tended the area covered by Rothrock et al.
(1953) and presented considerable new
data on the porosity zonation of the atoll
in that area.
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generously provided by many individuals
and organjzations in the oil indusiry, in-
cluding the following: Amerada 0il Com-
pany, L. H. Armer, Chapman and McFar-
lin Producing Company, Cilies Service
0il Company, Core Laboratories, Inc.,
General Crude Oil Company, Hiawatha
0il Company, Humble Oil & Refining
Company, Lone Star Producing Company,
Magnolia Petrolenm Company, Montex
Drilling Company, Ohio Oil Company,
Pan-American Producing Company, Per-
mian Basin Sample Laboratory, Phillips
Petroleum Company, Rotary Fngineers,
Inc., Seaboard O0il Company, Skelly
0il Company, Slick-Moorman Oil Com-
pany, Standard Oil Company of Texas,
Stanolind 0Oil & Gas Company, Sun
0il Company, Sunray Qil Company, Texas
Gulf Producing Company, Tidewater Oil
Company, and Wilshire Oil Company.
Walier R. Berger, consulting geologist of
Fort Worth, Texas, was especially instru-
menlal in bringing to the aitention of the
Bureau of Economic Geology and the U. S.
Geological Survey the possibilities for re-
search in yeef-type structures to be found
in the cores being taken in western Texas.
R. V. Hollingsworth of Paleontological
Laboratories, Midland, Texas, made avail-
able fusulinid determinations and other
data from wells in this area from which
cores were not available. Without these

data, many of the details of stratigraphy
and geologic history could not have been
solved.

This work has been greatly aided by the
facilities and services afforded by the Bu-
reau of Economic Geology and by the in-
terest and cooperation of the Director of

that organization, Dr. John T. Lonsdale.

METHODS OF STUDY

Initial studies of the Horseshoe atoll
made use of standard techniques and
methods of subsurface investigation. Ap-
proximately 5,000 conventional electrical
and radioactivity logs were studied and
correlated, representing more than 99 per-
cent of the wells drilled in the area. (For a
discussion of the electrical log, see Sirat-
ton and Ford, 1950; for a discussion of the
radioactivity log, sec Mercier, 1950.)
Rocks from cores were studied both mega-
scopically and with the pelrographic
microscope. Fusulinids were collected
from the cores and age determinations
were made. The dala obtained from these
studies were compiled and analyzed to dis-
cover how the recf grew and why it con-
lains oil. This work failed to reveal diag-
nostic lithologic or stratigraphic features
that could be either correlated over large
parts of the atoll or used to reconstruct
the geologic history.

The microlog, which is a resistivity
curve developed primarily to determine
relative permeabilities of beds, was
studied to determine if it could be used to
show zonation of porosity or permeability.
(For a discussion of the microlog,see Doll,
1950.) An evaluation of the micrologs was
made by comparing them with quantitative
analyses of corresponding cores for per-
meability and effective porosity. These
analyses, available for cores from 53 wells
in Scurry County, confirmed the useful-
ness of the interpretations of the micro-
logs and furnished semiquantitalive values
for the microlog permcability classifica-
tions. The core analyses for permeability
and porosily were compared with perme-
ability classifications for corresponding
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intervals designated on the micrologs by
the categories “good,” “fair,” and
“proken” permeability and impervious.
The comparisons were tabulated accord-
ing to both millidarcys of permeability
and percentages of effective porosity.
Cumulative curves were prepared to show
the range in value of the permeability and
porosity for each of the microlog classi-
fications (figs. 2 and 3).

Comparison of the microlog perme-
ability classifications with laboratory anal-
yses of the effective porosity of corre-
sponding cores showed that although each
microlog classification includes a wide

range of actual porosity values, most of
the comparisons give actual values con-
sistent with the terminology of the micro-
log categories. Thus, 89 percent of the reef
limestone classed as “good” on the micro-
logs showed effective porosity of 4 to 30
percent; whereas only 11 percent showed
effective porosity of less than 4 percent.
The average effective porosity of all rock
classed as “good” was 10.5 percent. In
contrast to these values, 86 percent of the
“fair” and 70 percent of the “broken”
categories showed effective porosities
ranging from 0 to 4 percent. The average
effective porosities for these categories
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Good permeability 2489
— —— Fair permeability 99
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Fic. 2. Quantitative evaluation of microlog classifications in terms of eflective porosities,
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Permeability of

corresponding cores in millidarcys

Microlog classifications Number of
comparisons
~Good permeability 1939
——— Fair permeability 74
———— Broken permeability 286
------- Impervious 1679

F1c. 3. Quantitative evaluation of microlog classifications in terms of permeabilities.

were 3.2 and 3.8 percent, respectively. In
the impervious category, 34 percent of the
comparisons showed effective porosities
ranging from 0 to 4 percent, and the re-
maining 16 percent of the comparisons
ranged from 4 1o 17 percent.
Comparison of the microlog categories
with analyses of permeabilily indicates

similar but less definitive results, The
cumulative curves in figure 3 show that
70 percent of the rock having microlog
classification of “good” has greater than
1 millidarcy of permeability, whereas only
2 percenl of the rock classed as “fair,” 35
percent classed as “broken,” and 23 per-

cent classed as impervious have greater
than 1 millidarcy. The difference is more
marked when the high permeabilities
known to be the result of cracks and frac-
tures are eliminated (Table 1).

These comparative studies indicate that
Lthe microlog permeability classifications
of the reef limestone can usually be con-
csidered 1o have semiguantitative porosity
values, as shown by the averages in Table
1 and the curves in figure 2. Some overlap
of porosity values, however, is inherent in
comparative studies of the microlog and
core analyses. The microlog does not
measure actual porosity; it measures the
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resistivity of the part of the rock invaded
by the drilling mud. This is a function of
the penetration and concentration of the
mud filtrate in the rock, the resistivity of
the mud, the resistivity of the host rock,
and the resistivity of the contained fluids
in the rock. In most wells, however, these
variables were of sufficient constancy that
a range of porosity values for each micro-
Tog classification could be established. The
cross sections on Plates 2 and 3 show cor-
relations of porosity data taken from
micrologs. The porous limestone shown
on the cross scclions may generally be
considered to have porosity of 4.5 percent
or greater.

Micrologs were available for approxi-
mately five-sixths of the bore holes and

Table 1. Quantitative comparisons of microlog
polosity and

Bureau of Economic Geology, The University of Texas

radioactivity logs for approximately one-
fifth of the holes. The porosity indicated
by radioactivity logs was computed by
methods described by Bush (1950) and
Bush and Mardock (1951). Only very
slight differences in the exact position of
the porous zones were found when both
micrologs and radioactivity logs were
available for the same bore hole,

The data oblained from the micrologs,
radioactivity logs, fusulinids, and li-
thology were plotted and correlated. Cross
sections showing porous zones in the atoll
and structure contour and thickness maps
were then prepared. The correlations
made possible by this technique were the
only ones thal gave consistent and reliable
results.

classifications with laboiatory analyses of effective
permeability.

ETTECTIVE POROSITY

Average
Total porosity of
MICROLOG number of analyses
CLASSILICATION compal isons {percent)
“Good” 2,489 10.5
“Fair” 99 3.2
“Broken” 314 3.8
Impervious 1,938 2.8

PERMEABILITY ,
Comparisons exclusive of

All comparisons those resulting hiom cracks

Average Average
Tatal permeability Total permeability
number of of analyses number of of analyses
compaiisons (mulhdarcys) comparisons (millidareys)
1,939 19.5 1,680 8.1
74 0.1 74 0.1
286 15.2 240 2.0
1,679 3.9 1,414 0.7




REGIONAL GEOLOGY

The Midland basin, which contains Lhe
Horseshoe atoll, is an asymmetric, sub-
surface siruclural and sedimentary basin
in western Texas (fig. 1). The thickest and
most complete sequence of sedimentary
rocks is found on ils western side. The
basin is bounded by the Matador arch
(faulted and folded zone) on the north;
by the Central Basin Platform on Lhe west;
and by the Ozona structural “high” on the
south, The form of the Midland basin

,seems to have been inherited in part from
an older siructural feature, which has been
described by Adams (1954) as the Texas
arch. The northern part of the Midland
basin is on the southwest flank of Adams’
Texas arch. o

The rocks in the Midland basin belong
to the Qualernary, Tertiary, Cretaceous,
Triassic, Permian, Pennsylvanian, Missis-
sippian, Devonian, Silurian, Ordovician,
and Cambrian systems, and to the Pre-
cambrian (Jones, 1953). The rocks that
crop out in the basin area belong to the
Quaternary, Tertiary, Cretaceous, Trias-
sic, and Permian systems (Slose et al.,
1937; Jones, 1953).

To the north, west, and south the Mid-
land basin is bounded, or partly bounded,
by positive subsurface structural features.
To the cast, no such boundary exists. The
rame “Eastern shelf” has been applied
by some geologists to the area in west-
cenlral Texas east of the Midland bhasin,
to indicate that the rocks in this area scem
to record a shallower and less uniform
deposilional environment than equivalent
rocks in the Midland basin. This apparent
“shelf” is recorded by a facies change in
the upper part of the Pennsylvanian sys-
tem and lower part of the Permian syslem,
from ecyclical deposits of carbonate and
noncarbonate rocks east of the Midland
basin to noncyclical deposits containing
little carbonate malerial within the basin.
Ii is also recorded by abrupt thinning of
the Pennsylvanian rocks in passing west-
ward into the Midland basin and a comple-

mentary thickening of the overlying Per-
mian rocks in the same direction. The
lithologic contrast in Pennsylvanian and
Wolfcamp rocks belween the Midland
basin and the area to the east is not uni-
formly abrupt, however, particularly to-
ward lhe north, where environmental con-
ditions generally regarded as typical of a
“shelf” may not have existed. Therefore,
the name “Eastern shelf” is not used in
this paper.

In Eastland County, 95 miles east of
Milchell County, outcropping Pennsyl-
vanian rocks atlain a thickness of about
2,500 feet and consist of alternating beds
of sandstone, shale, and limestone. These
outcropping rocks become thicker toward
the northeast in north-central Texas, but
westward toward the Midland basin they
are thinner, apparently because of non-
deposition of unils younger than early
Sirawn,

The exposed Wolfcamp rocks are litho-
logically similar to the outcropping Penn-
sylvanian rocks in north-ceniral Texas,
and they attain a thickness of about 600
fcet in Coleman County, 80 miles south-
east of Miichell County (Moore, 1949).
The lower part of the Wolfcamp becomes
thicker westward toward the Midland
basin and changes from an alternating
sandstone, shale, and limestone sequence
te a dark, bituminous shale and sandstone
sequence. Thickening of the part of the
Wolfcamp series that lies between the base
of a limestone, approximately equivalent
to the Coleman Junction limestone mem-
ber of the Putnam {ormation, and the top
of the Pennsylvanian rocks, complements
the regional thinning of the Pennsylvanian
rocks in the Midland basin and castward.

The Matador arch and the Central Basin
Platform, which border the northern part
of the Midland basin, secm to have been
sources of clastic sediments deposited
nearby during the late Pennsylvanian.
These uplifts received little or no sedi-
ments from late Strawn through early
Wolfcamp time.



CHARACTERISTICS OF THE REEF ROCKS

The petrographic study of rocks from
the Horseshoe atoll has been confined
mainly to the limestone of Canyon, Cisco,
and Wolfcamp age and associated shale
lentils. Imasmuch as the limestone and
shale that constitute the atoll are litho-
logically similar regardless of strati-
graphic position, these rocks will be de-
scribed by type without regard to age.
Most of the petrographic data that follow
were incorporated from unpublished work
by Bergenback and Terriere and from
their published report (1953) on the part
of the atoll that underlies Scurry County.
The information was derived from the
study of more than 300 pelrographic thin
sections of rocks from the atoll in Scurry
County and from the detailed megascopic
examination of cores from about 130 wells
in all parts of the atoll.

Rerr LIMESTONE

Characteristics and classification.—The
limestone in the Horseshoe atoll is com-
posed predominantly of clastic calcium
carbonate debris of organic origin. It is
bonded by calcite cement and by lithified
calcium carbonate mud. The organic
debris consists of the hard parts of marine
organisms, most of which have been com-
minuted to fragments ranging in size from
a few millimeters Lo particles too small to
be resolved under the microscope. ¥Frag-
ments of crinoid columnals, bhryezoan
fronds, and brachipod shells constitute a
large part of the identifiable debris.

For purposes of deseriplion, the reef
limestone may be classed as “calcilutite,”
“calearenite,” and “calcirudite,” follow-
ing Grabau’s classification of limestones,
outlined by Pettijohn (1949, pp. 300, 307)

and defined as follows:

Calcarenite is a general term to describe those
delrital carbonate rocks of sand-grain size (1/16
to 2 mm in diameter) that are with or without
calcite cement and that are composed mainly
(over 50 percent) ol .carbonate detritus. If the
fragments are over 2 mm in diameter, the term
calcirudite may be applied to the rock. ... By

decrease in grain size the calcarenites grade into
the calcilutites.

The term “bioclastic caleirudite” is here
used to represent a special type of rock
composed of the hard parts of organisms
embedded in a matrix of calcarenite or
calcilutite. This usage does not follow
Pettijohn (1949, p. 183), who states, “The
bioclastic rocks, the [ragmentation of
which is due to organisms, form a small
but interesting group. Arlificial rocks,
such as concrete, may be classed here.”

Calcilutite.—The calcilutite of the
Horseshoe atoll, although composed
mainly of particles too fine to be dis-
tinguished megascopically, commonly
contains unsorted calcareous organic de-
bris coarser than 1/16 mm. Plate 10, A-D,
illustrates specimens ol calcilutite from
the atoll.

Microscopic examination failed to re-
veal the origin of most of the particles of
the calcilutite, It is possible, however, to
distinguish a few of the particles and these
are interpreted to be comminuted fossil
debris. It is suggested that the com-
minution of some of the fine-grained ma-
terial may have been accomplished by
passage through the digestive tracts of
scavenging organisms, Twenhofel (1939,
pp- 179-180) wrote, quoting J. W. Buch-
anan, ‘““'he principal agent in the com-
minution of the mineral matter found at
the bottom of both the deep and shallow
seas and oceans is the ground fauna of the
sea, which depends for ils subsistence on
the organic matter which it can extract
from the mud. . . . The matter forming the
bottom of the sea is being continually
passed and repassed through the bodies

of the numerous tribes of animals which
demonstrably subsist on the mud and its
contents.” Some calcilutite may be chem-
ically precipitated ooze. The precipitation
may have been related to organic agents
such as bacteria, bul no evidence for bac-
terial action was found.
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scattered

The

patches of anhedral calcite. This crystal-
line malerial probably was formed by re-
organizalion or replacement of calcium
carbonate mud, but it may also have been
partly formed as primary cement.

Most fragments coarser than 1/16 mm

in the calcilutite are crinoid columnals,
bryozoan fronds, shell fragments, and
tests of Foraminifera. Other fragmenls
coarser than 1/16 mm are aggregates of
clear calcite crystals. Some of the mosaics
have outlines closely resembling organic
debris and are interpreted to be shell
fragments thal have been reorganized or
recrystallized.
. Calcarenite.—The calcarenite of the
Horseshoe atoll (P1, 11, A-D) is composed
mainly of unsorted to well-sorted, sharply-
angular to well-rounded, organic frag-
ments, Poorly sorted calcarenite contain-
ing angular fragmenls predominates.
Oolites and reel-rock fragments, some
coarser than 2 mm, are present in small
amounts. In some samples the interstitial
matrix of the calcarenite is mostly calcium
carbonate mud (Pl. 11, B); in others it
is crystalline calcite (P1. 11, C). A special
variety of calcarenile or calcirudite (Pl
12, C), termed “encrinite” by Pettijohn
(1949, p. 301), consists almost entirely of
crinoid columnal fragments. This Lype of
rock is termed a bioclastic calcarenite {or
calcirudite) in this paper.

calcilutite contains

The claslic organic fragments are
mostly chips of crinoid columnals, bryo-
zoan fronds, and shells and tests of
Foraminifera. Carbonate fragments com-
posed of anhedral calcite, like those in the
calcilutite, are also present,

The lithified carbonate-mud matrix of
the calcarenite is identical with the ma-
terial composing the calcilutite. As the
amount of matrix increases, calcarenite
grades into calcilutite. The dividing line
between the two is a composition of 50
percent of particles coarser than 1/16
mm. The crystalline calcite cement of the
calcarenite might be interpreted either as
primary chemical cement or as reorgan-
ized lime mud. The authors believe that

the calcite cement is of primary origin for
the following reasons:

1. In most calcarenite that contains consider-
able cement, the g1ain boundaiics aie coated with
a fine drusy fringe of calcite. This suggests
filling,

2. Prominent crystalline calcite overgiowths
on crinoid columnals are in optical continuity.
This is a characteristic of primary cement, ac-
cording to Pettijohn (1949, p. 305).

3. Some caleite-filled fusulinid tests are cut by
fractures that do not continue into the surround-
ing matrix, The fractures are filled with relatively
coarsely crystalline calcite, but the matrix is un-
altered. Inasmuch as the matrix is unaffected,
the calcite within the fracture must be primary.

4, Some fusulinid tests have been ruptured by
expansion of their coarse-textured calcite filling
(Pl 18,E). The fragments of the shattered tests
are not scattered, indicating that breakage oc-
curred after burial.

These observations indicate that an im-
portant factor in the lithification of cal-
carenite was cementation by precipitated
calcite. In some samples the grains and
oolites cemented by crystalline calcite do
not touch, possibly because the force of
crystallization of the cement pushed the
loose grains apart, or because the grains
were deposited in a matrix of lime mud.

Illing (1954, pp. 91-92) in his discus-
sion of the Bahaman calcareous sands ar-
rived at the conclusion that the nonoolitic,
nonskeletal sand grains of calcium car-
bonate were authigenic. The calcarenite
grains illustrated by Illing are morpho-
logically and structurally different from
the Horseshoe atoll calcarenite, which ap-
pears to be of clastic origin.

Oolites are abundant in some well-
sorted calcarenite but are rare in unsorted
calcarenite of the Horseshoe atoll. They
are spherical or ellipsoidal and range
from 0.2 to 2.5 mm in diameter. Only a
few oolites are more than 2 mm in di-
ameter. Their nuclei consist of organic
fragments, fragmenls of pre-existing reef
limestone, and carbonate fragments of
doubtful origin. Most of the oolites show
concentric bands or layers, composed of
lime mud with a dusty appearance or
finely crystalline calcite (PL 11,D).
Oolites with radial structure were not
observed.
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The oolites may have been formed by
the accumulation of carbonate-mud layers
around nuclei as they were rolled about in
the mud. The crystalline calcite in the
oolites may be the resull of reorganization
of unstable constituents, Qolites that have
relict concentric layers of carbonate mud
in the crystalline calcite are evidence of re-
organization.

Calcirudite—Calcirudite is composed
of angular to subrounded granule- to boul-
der-sized fragments in a matrix of carbon-
ate sand or carbonate mud (Pl. 12,A-E).
The malrix commonly contains some ad-
mixed argillaceous malerial and, in some
places, is composed of shale.

Fragments in the calcirudite that are
coarser than 2 mm are of two types: (1)
organic fragments consisling chiefly of
crinoid columnmals and the sturdier parts
of shells; and (2) fragments of pre-exist-
ing reef limestone and shale, In the finer
grained (bioclastic) calcirudite, organic
fragments are most common, whereas in
the coarser grained calcirudite (reef brec-
cia) fragments of pre-existing rock are
most abundant. The largest measured frag-
ment of pre-cxisting reef limestone was 1.6
feet in diameter. Fragments of calcilulile,
calcarenile, and shale were mixed indis-
criminately at the time of deposition in a
matrix of either carbonate sand or carbon-
ale mud.

The fragmenis of older reef limestone
in most reef breccia are angular and were
apparently lithified before breakage and
redeposition. The conlacls between adjoin-
ing fragments commonly are stylolitic, but
the stylolites do not appear to continue
into the matrix (P1. 12, A; P1. 14, C). This
suggests that the solution which caused the
stylolites between the breccia [ragments
probably took place belore the matrix had
lithified.

SHALE

The shale within the Horseshoe atoll is
dark gray to black because of its high per-
centage of bituminous material. Under the
petrographic microscope, the shale ap-

pears as a black to brownish mass contain-
ing a large percentage of clastic limestone
parlicles similar to those in the reef lime-
stone. Secondary chert forms irregular
microscopic masses in the shale. Pyrite,
very minute particles of quartz and feld-
spar, and small flakes of detrital musco-
vile are present in small amounts. The
pyrite is present as (1) pyritized spicules
of unknown origin that average 1 mm in
diameter and are as much as 5 cm long;
(2) nodules, sometimes as large as 2 cm
in diameter; and (3) pyritized plant frag-
ments and brachiopods., The amount of
pyrite in the shale is very small.

The shale in the atoll is present (1) as
tongues that project into the reef lime-
stone from the shale surrounding the
atoll; (2) as thin lenses and beds which
can commonly be traced over widespread
areas within the body of the aloll but
which are not conlemporaneous with the
enclosing shale; and (3) as stringers a
few millimcters to a few centimeters thick
which cannot be traced from well to well
(Pl. 13,A-E}. The position of the shale
units was determined chiefly by electrical
and radioactivity logs. A sufficienl amount
of shale was present in cores, however,
o establish correlation with the logs.

The tongues of shale thal project into
the atoll and the thin lenses and beds of
shale within the body of the atoll are of
considerable importance in determining
stratigraphic relationships and in estab-
lishing the geologic history during the
time of recf growth. The stratigraphic re-
lationships of the shale to the reef rocks
are discussed in the section on stratig-
raphy, and the importance of the shale
units in establishing the sequence of
geologic events is discussed in the section
on geologic history.

The shale stringers generally form thin
hands having uneven surfaces, but in some
places they branch into several smaller
stringers that in cross seclion look like the
ravelings of a rope end (Pl. 13,B). Some
stringers merge into stylolites containing

bituminous layers as thick as 3 mm. The
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dip of the stringers ranges from horizon-
tal to as much as 30°. The highest dips
probably reflect preconsolidation slump-
ing. The composition of many of the
siringers is in doubt. Clay-sized particles
found in insoluble residues from the lime-
stones and in paper-thin laminations of
shale indicate that the stringers are chiefly

claystone. Most of the stringers contain
abundant bituminous material; in some

stringers, bitumen is the chief constituent.
(See Table 3, p. 17).

DISTRIBUTION AND ABUNDANCE
or Rock TyYPES

Calcarenite is the most abundant of the
textural varieties found in the cores. Cal-
cilulite and calcirudite are next in order

21

ent in small amounts in the cores from the
Horseshoe atoll. Chert was megascopically
observed as gray to white bands from 4 to
9 inches thick (Pl 14, A) and as nodules
and irregular paiches as much as 2 inches
in diameter. The boundaries of some chert
masses are slyloliles having a maximum
amplitude of 1 em (Pl 14,B). On one side
of each of these stylolites is dense, white
chert and on the other side is dense lime-
stone. This association suggests thal the
chert was formed after the stylolites, be-
cause the pressure-solution phenomenon by
which the stylolites were probably formed
would probably not have produced so ser-
rated a contact between rocks of such dis-
similar hardness and solubility as chert and
limestone.

Microcrystalline-granular chert was ob-

Table 2. Distribution of rock types found in cores jrom the Horseshoe atoll.

Total Relative Average Range 1n thickness
thickness abundance thickness Maximum Minimum
Tealural type (feet) {percent) (feet) (feet) (feet)
Calcarenite 3,736 46.3 6.7 9.5 0.3
C:alcilutite 2,840 35.2 6.1 41.0 0.2
(;alcirudite 1,283 159 4.7 26.0 0.3
Shale 211 2.6 2.8 8.5 0.2
Total 8,070

of abundance. Total footage and rclative
abundance of each textural variety from
the Scurry County portion of the atoll is
given in Table 2. In general, the different
limestone textural types are complexly
interlensed and do not form distinct litho-
logic units that are traceable from well to
well.

An exception to the generally random
distribution of rock types in the atoll is a
tendency toward concentration of oolilic
zones along the seaward margins of the
atoll. In the Scurry County portion of the
atoll, oolitic zones are present at levels
vanging from 4,243 fect helow sea level to
4,458 feet below sea level. The eastern
marginal area of the atoll appears to have
the highest concentration of the oolitic
zones (fig. 4).

SECONDARY MINERAYIZATION

Silicification—Secondary cherl is pres-

served under the microscope as very small,
generally irregular patches which replace
interstitial filling in places. Such chert is
most common within {ragments of crinoid
stems. Secondary silica is also present in
the reef limestone as drusy quartz and, un-
commonly, as microcrystalline fibrous
chert within vugs.

Dolomitization. — Dolomite was ob-
served megascopically as drusy rhombo-
hedrons lining vugs and as scattered rhom-
bohedrons in the limestone. Microscopic
examination revealed that dolomite is
much commoner than had previously heen
suspecled. Well-formed rhombohedrons of
dolomite, many of which are slightly
brownish, are scattered through the calci-
lutite and the matrix ol some calcarenite.
Dolomite crystals are not common, how-
ever, in the clastic organic fragments ex-
amined in cores from the Scurry field.
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EXPLANATION
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County, Texas.

P. D. Krynine, who studied some of the
cores, noted (personal communication)
the presence of dolomite also as a poorly
defined, finely crystalline mosaic in the
carbonate matrix of several thin sections.
He believes that primary porosity is very

important in the control of dolomitization

and that much of the dolomite replacement
occurred very shortly after deposition of
the rock.

Calcitization.—Calcitization appears to
be a process that was initiated early in the
atoll’s history and that continued, prob-
ably with interruptions, into later stages.
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The formation of the primary crystalline
calcite cement and the mosaics of calcite
has been discussed previously. Scalenohe-
drons and rhombohedrons of drusy calcite
are common in vugs, open joints, and
open irregular fractures. Crystalline cal-
cite has completely filled many of the
openings, especially the fractures. Under
the petrographic microscope, the drusy
calcite appears as clear to dusty, relatively
coarse crystals. Some vugs containing a
secondary lining of this calcite have
quarlz in the center.

CueMIcal COMPOSITION

Chemical analyses of representative
cores from the Horseshoe atoll show that
except in certain well-defined zones, the
reef limestone usually contains more than
97 percent calcium carbonate (Pl 1).
Spectrographic analyses (Newell et al.,
1953, p. 110) {from the Capitan reef show
that the limestone in that reef also con-
tains more than 97 percent calcium car-
bonate. Most of the remaining non-ter-
rigenous material in the reef rocks of the
atoll is magnesium carbonate and mag-
nesium oxide; some compounds of alumi-
num and iron are present.

The spectrographic analyses of reef
rock from two wells (Jessen and Miller,
1955) indicale the presence of several
olher elements—arsenic, barium, beryl-
Yium, bismuth, boron, chromium, cobalt,
columbium, copper, gallium, germanium,
lead, nickiel, potassium, silicon, silver,
sodium, strontium, titanium, vanadium,
zine, and zirconium,

The average insoluble residne recorded
in 321 analyses of cores from 4 wells in
the atoll amounts to an average of 1.4 per-
cent of the total rock by weight. An aver-
age of considerably less than 1 percent of
insoluble residue, however, is present in
the more porous zones of the reef;
analyses showing more than 2 percent are
mostly from the less porous zones.

Mr. John C. Miller made semiquantita-
tive spectrographic analyses of selecied
samples from the cores from General

Crude Petroleum Company’s No. 193-2
Coleman well (Pl. 9, well 169) in the Salt
Creek oil field and Chapman and McFar-
lin Producing Company’s No. 25 Cogdell
well (PL 9, well 173) in the Cogdell oil
field (Jessen and Miller, 1955). Some of
the results are shown and correlated in
figure 5. The correlalions of the two wells
from spectrographic analyses agree with
those correlations made by fusulinids and
physical properties.

Chemical analyses of bituminous ma-
terial from a claystone stringer and the
concentrate along a stylolite were made
by the U. S. Geological Survey from two
wells in the Scurry field. The results of
these analyses are shown in Table 3.

Table 3.Chemical analyses of bituminous matericl
Jrom reef limestone from wells drilled in the
Scurry oil field, Scurry County,

Texas.

(Determinations by U.S. Geological Survey)

Stylolite filling
Constituenls from Geneial Crude
and Petroleum Company’s

Clayslone stzinger
from Inawatha
011 Company’s

physical No. 3 Land well No. 1 Carden well
properlies (well 183, P1. 9) (well 179, P'1. 9)

510, 8.6 4.2

AL:Os 4.6 1.8

Total Fe as Fea0: 2.6 2.6

MgO 3.9 2.1

Ca0O 21.2 16.7

Na.O 0.42 0.21

K0 0.93 0.52

TiO, 0.42 0.37

P.0s 0.44 0.29

MnQ 0.00 0.00

Ignition loss 55.3 70.8

S 1.2 L9

Solubility in CS, nil nil

Fusibility infusible infusible

Color black black

Streak brownisli-black  brownish-black

Identifica- pyrobituminous pyrobituminous

tion of sample  shale shale

It is inleresting to note that about 55
percent of the stylolite filling and about 70
percent of the claystone stringer, probably
representing the bitumen in these ma-
terials, were losl on ignition. It is difficult
to conceive of porosity in these clay ma-
terials sufficient to admit such large
amounts of bituminous matter during or
after the accumulation of the oil. More
likely, bitumen was an original constituent
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of the clay material. In the stylolite the
clay material was probably concenirated
by solution of the limestone. That in the
claystone stringer was probably carried
by marine currents into lhe atoll area from
areas of euxinic environment believed to
have been present on the floor of the Mid-
land basin during the lime of atoll growth
and deposition,

Porosity ANp PERMEABILITY

The effective porosity of the limestone
in the atoll, determined by core analyses,
generally ranges from almost nothing to
30 percent with an average of about 6 per-
cent (fig. 2 and Table 1). When the lime-
stone is observed in thin sections the
porosily, other than that resulting from
fractures, appears to be developed as ir-
regularly spaced interconnected lenses.
When observed megascopically, openings
appear to range from pinpoint size to vugs
5 c¢cm in diameter. Most openings are
smaller than 3 mm in diameter.

Most porosity appears to be secondary;
the only primary porosity found was thal
ir the hollow interiors of some shells. It
is besl developed in the calcilutite and cal-
carenile and is independent of grain size.
Originally, the limestone in the atoll was
probably very porous. Most of the pri-
mary interstitial pore space was subse-
quently filled with calcium carbonate.
Eventually, leaching formed secondary
porosity in the limestone. The secondary
porosity was then reduced by the filling
of some pores and the parlial filling of
others with drusy calcile and, in some
places, quartz.

In a zone confined to the top of the atoll,
some of the pores have been filled by dark-
gray to black clay and, in a few places, by
pyrite. The clay may have been squeezed
into the pores from the overlying shale.
The pyrite was probably precipitated from
waler entering the reel rocks from the
overlying dark, pyrite-bearing shale after
the atoll was covered by the shale. Pre-
cipitation of iron sulfide in the reef rocks
was possibly related to changes in the high

hydrogen sulfide and iron sulfide concen-
tralions present in the connate water of
the overlying dark shale.

Porosity stratification, as indicated by
two distinct types of zones, is an important
physical characteristic of the atoll. One
type of porosity zone has relatively low
porosily, is in general more argillaceous
than the other type, and contains thin shale
beds and abundant calcirudite composed
of fragments of pre-existing reef rock. The
olher type of porosity zone has relatively
high porosity, generally has less than a
percent insoluble residue, and conlains
neither shale nor caleirudite composed of
pre-existing reef fragments. These zones
appear to have tlime-stratigraphic sig-
nificance and are discussed in the section
on stratigraphy of rocks in the atoli.

A study of the relationship of insoluble
residue 1o effective porosity indicates that
the upper limit of effective porosity result-
ing from leaching is controlled in large
part by the insoluble residue (fig. 5).
Leaching of limeslonc containing a high
percentage of insoluble residue produces
little effective porosity.

Two explanations are possible of the
cause of low porosily in the zones having
a high percentage of insoluble residue.
The mosl feasible explanation is early
plugging of the pores by insoluble residue,
inasmuch as limestone containing low
initial insoluble residuc can be extensively
leached before the insoluble residue con-
centrations become large enough lo plug
the pores and thereby slow or stop the pore
developmeni. An allernative explanation
is lhat admixed argillaceous material
physically impeded solution. It is prob-
able that both processes deterred the leach-
ing of limestone containing relatively high
initial insoluble residues.

Insoluble materials are deposited in
greater or lesser amounts with carbonate
sediments during given intervals of geo-
logic time. The varving rate of deposition
results in stralification of the insoluble
material. Figure 5 shows that the percent
porosity thal can be developed by leach-

ing during a given interval of time is con-



Late Paleozoic Horseshoe Atoll, West Texas 25

8-
74
6
w
2
(@]
w
w 5+
[t
LIJ .
-
m .
=
44
(@] .
(n .
&
o -
=
w 3 .
O .
o = .
w .
D- LN
2‘ .
.o: = . . .
. .ﬂ. . ® . ‘ ‘ . .. .
14 o = . g . " .
o...'..,l..--. "-"-" .. .l'.
PO I e " . By ., " .
R T § 8 B, LA 4% o @ " .
.::‘)..-...-... -y " * .
0 = |.' - - T T . 1 T 1
0 5 10 15 20 25 30

PERCENT EFFECTIVE POROSITY

Fic. 5. Diagram showing relationship of inscluble residue to effective porosity in core samples from

the Horseshoe atoll,

trolled in large part by the amount of in-
soluble residue initially present. Strati-
fication of the porosity istherefore related
to the stratification of the insoluble resi-
due, which is in turn related to time.

Whether figure 5 could be applied to lime-
stones other than those in the Horseshoe
atoll is highly speculative, but where in-
soluble residues are nearly all clay min-
erals, it is a distinct possibility. The gen-
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eral disiribution and stratification of
porosity are further discussed in the sec-
tion on stratigraphy of the rocks in the
atoll.

The permeability of the limestone in the
atoll generally ranges from a few
hundredths of a millidarcy to 85 milli-
darcys and averages about 4.5 millidarcys
(measured horizontally by air). Perme-

ability measured vertically to air has a
range of values which is considerably less.
This average and range of values do mot
include those relatively high permea-
bilities (as much as 2,500 millidarcys)
which are known to have been caused by
open cracks, fractures, and joints in cores
from the atoll. (See fig. 3 and Table 1 for
the general range of permeability values.)



STRATIGRAPHY

STRATIGRAPHY OF THE Rocks BENEATH THE ATOLL

Sedimentary rocks underlying the
Horseshoe atoll have been assigned to the
Cambrian, Ordovician, Silurian, Devo-
nian, Mississippian, and Pennsylvanian
syslems by geologists of the petroleum in-
dustry. A general review of the stratig-
raphy of the Midland basin was recently
made by Jones (1953). The following dis-
cussion is limited to the Mississippian and
younger rocks. The general slratigraphic
relationships of rocks assigned to the Mis-
sissiplan(?) and Pennsylvanian systems
and lower part of the Permian system in
the northern part of the Midland basin are
shown in Table 4.

Mississippian(?) system.—Rocks tenta-
tively assigned to the Mississippian(?) sys-
tem underlying the Horseshoe atoll con-
sist mainly of cherty limestone in places
enclosing a few thin beds of shale. No
diagnostic fossils of the Mississippian
period have been found in the Midland
basin with the exception of the fusulinid
Millerella designata of possible Chester
age from a well ir southwestern Terry
County (P1. 9, well 165). Millerella desig-
nata has been reported from only one
other locality—in the Clore limestone of
upper Chester age in Illinois (Zeller,
1953) . The limestone from which M. desig-
nata is reported from Terry County under-
lies a limestone that can be correlated by
elecirical logs with a limestone that con-
tains fusulinids of Atoka age in many
places. If M. designata is restricted strati-
graphically to rocks of Chester age, then
an unconformity covering all of Morrow
lime and possibly part of Atoka time is
present between these two limestones. Un-
fortunately, the stratigraphic range of M.
designala is not well established. Thus,
correlation of these rocks is necessarily
made by their general lithologic similarity
to rocks of Mississippian age outside this
basin and by their stratigraphic relations
to underlying rocks of Devonian age and

to overlying rocks of Pennsylvanian age
in the Midland basin.

The pre-Chester (?) rocks of Mississip-
pian(?) age are massive limestone. They
have 1 maximum thickness of about 1,000
feet in southern Andrews County south-
west of the mapped area and become thin-
ner to the north and east. They have a
thickness of no more than 225 feet in
Scurry County and are absent in part of
eastern Mitchell County, The stratigraphic
relationships of the upper part of the
Mississippian(?) limestone to the over-
lying younger rocks are shown on Plate 5.
Examination of rotary well cuttings shows
that this rock is mostly light-gray to light-
brown, finely crystalline limesione con-
taining large amounts of chert; in part,
il is argillaceous and glauconitic. The top
of this limestone is an excellent electrical-
log marker for correlation of rocks under-
Iying the atoll.

In Anderson-Prichard Oil Company’s
No. 2 Parmer County School Lands well
(Pl. 9, well 1) in Gaines County, about
925 feet of sedimentary rocks overlie this
massive limestone of Mississippian(?)
age and underlie rocks of Strawn age.
Elecirical log correlations indicate that the
top of the first argillaceous limestone 240
feet above the massive Mississippian(?)
limestone in this well is the approximate
stratigraphic position of the Millerella
designala zone found in the Terry County
well (PL. 9, well 165). Thus, this argil-
laceous limestone and the calcareous shale
that lies between it and the massive lime-
slone are considered to be of possible
Chester (Mississippian) age. A distinct
possibility remains that they are younger.
In the area of study, a maximum thickness
of about 265 feet of these Chester(?)
rocks was found in east-central Andrews
County.

Pennsylvanian system.— The stratig-
raphy of the rocks of Pennsylvanian age
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Table 4. Correlation chart showing gencral stratigraphic relationships of rocks belonging to the
Mississippian(?) and Pennsylvanian systems and lower pait of the Permian system in the

northern part of the Midland basin.
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below the atoll is complicated by the dif-
ficulty of separaling rocks of Morrow age
from rocks of Chester and Atoka ages. At
present, recognition of rocks of Morrow

age depends upon the presence of Miller-
ella and the absence of more advanced
genera of fusulinids. Unfortunately, Mil-
lerella first appears in the Chester and is
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known {rom rocks as young as upper
Pennsylvanian. The recognition of rocks
of Morrow age within this wide strati-
graphic range depends upon the absence
of diagnostic fossils. This negative type
of biosiratigraphy is unsatisfactory where
sampling of the fossil population is in-
adequale, as it is in much subsurface
study. The possibilily remains that con-
specific determinations within the genus
Millerella might be used to characterize
Morrow age. For the purpose of this paper
the term Morrow (?) will be uscd, but the
inadequacy of the correlation is recog-
nized.

In Honolulu and Signal Oil & Gas
Companies’ No. 1-24 Elwood well (P1. 9,
well 163) in Hockley County (West Texas
Geological Society, 1953) and other wells
paralleling the southern side of the Mata-
dor arch, arkosic sandstone and conglom-
crate directly underlie the limestone of
Atoka age, which overlies the limestone in
Terry County conlaining M. designata.
This limestone becomes thinner and is
overlapped to the north and east by the
limestone of Atoka age. These relation-
ships suggest that the arkosic sandstone
and conglomerate may be cither Morrow,
Atoka, or Chester in age. On the basis of
stratigraphic position and regional tec-
tonic history, these coarse clastics under-
lying the limestone of Atoka age are as-
signed to the Morrow (?).

The rocks of Morrow(?) age arc con-
fined to the northern part of the Midland
basin. They are everywhere overlain by
rocks of Atoka age, which become
markedly thinner as they approach the
crest of the old Texas arch.

Rocks of early Pennsylvanian age
{Morrow (?) and Atoka) on the western
side of the northern part of the Midland
basin consist of aliernating limestone and
shale having a maximum thickness of
about 750 feet. They become thinner 1o the
north and east of the deeper parts of the
basin. Most of the lithologic units in the
lower part of the Pennsylvanian system are
overlapped by younger units in the same
directions. In Kent, Scurry, and parts of

Mitchell, Borden, Howard, Garza, and

Dickens counties, only thin (ordinarily 30
feet or less) beds of shale and limestone of
Atoka age are present belween the massive
limestone of Mississippian(?) age and the
Liostromal limestone of Sirawn age.

A thin bed of shale at the top of the
Atoka is frequently referred to as the
“detrital” zone, and it is possible that it
represents a regolith, No cores from this
zone were available for cxamination.
Fusulinids from rotary drilling samples
from this “detrital” zone are sometimes re-
ported to be of Strawn age. On the other
hand, they are also commonly reporled to
be of Atoka age. Considering the prox-
imily of the overlying limestone of Strawn
age and the nalure of rotary samples, the
writers have interpreted the zone to be
of Aloka age. If the zone is a true regolith,
however, fusulinids of both ages might be
present, in which case it would necessarily
be of Strawn age. In northeastern Borden
County and northwestern Scurry County a
weathered calcareous chert underlies this
“delrital” zone and overlies the limestone
of Mississippian(?) age. This chert may
be a local facies of the regolith(?). In
part of eastern Mitchell County this thin
shale zone lies upon the Ellenburger group
of Early Ordovician age. Elsewhere in the
northern part of the Midland basin it over-
lies rocks of Mississippian(?) or Atoka
age. Thus, this thin bed of shale marks a
regional unconformity whose magnitude
increases lo Lhe east. In a few bore holes
in Scurry and Kent countles this unit ap-
pears to be absenl, and overlying rocks
of Strawn age lie on limeslone of Missis-
sippian(?) age.

A Dbiosiromal® limestone in the Jower
part of the sequence of rocks cquivalent
in age to the Sirawn group commonly
overlies the thin shale or regolith. This
limestone is referred to as the Caddo of
local usage. [ dircctly underlies the
Horseshoe atoll limestone mass and at

2 The biostromal limestone 1s that limestone which every-
whete underlies Lhe reef-complex bul 15 nol usually sepaiable
fiom 1t with electrical and radioactivety logs. The letm is heie
used to dislingaish this Iimestone fiom the fore-reef and back-
recf facies of the reef-complex which are alse bedded.
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most places cannot be distinguished from
the limestone in the atoll. The biostromal
limestone is present throughout the Mid-
land basin as well as on the Central Basin
Platform. On the Central Basin Platform,
however, this limestone was involved in
folding, and its distribution is more or less
restricted to the synclines of that struc-
tural unit. The minimum thickness is
about 45 feet in eastern Mitchell County,
and 1its maximum thickness is unknown
because of the difficulty of distinguishing
it in much of the atol] area.

STRATIGRAPHY OF THE Rocxks

IN THE ATOLL
_ Characteristics, age, and zonation.—
The rocks that form the body of the Horse-
shoe atoll belong to the Pennsylvanian
and Permian systems. They have a maxi-
mum thickness of 3,000 feet, and most are
nonbedded. Most of the atoll consisis of
limestone, but a few thin beds of shale
are present and the entire limesione-shale
mass may be referred to as the reef-com-
plex.?

The rocks of the atoll are considered to
be equivalent in age to the Strawn, Can-
yon, and Cisco groups and the Wolfcamp
series (fig. 6). Ages of different parts of
the recf-complex have been delermined by
study of the Fusulinidae, but the age re-
lationships are complex and the rocks are
difficult to correlate because faunas from
older parts of the reef-complex have been
reworked and incorporated into younger
parts of the atoll. For example, fragments
of recf limestone that conlain fusulinids
lypical of rocks assigned to the Canyon
group are commonly found in carbonate
matrices that contain fusulinids typical of
the Cisco group. Detailed study of several
cores of calcirudite considered to be of
Cisco age shows that fusulinids typical of
the Canyon group arc present only in the
fragments, whercas {usulinids typical of
the Cisco group are found only in the
matrix.

3 The term ‘‘reef-complex” (Henson, 1950, pp. 215-216:
Newell et al,, 1953, p. 48; Stafford, in press (a)) 18 used in
this paper lo refer to the entire aloll and genetically rclated
rocks. The term does not refer to the bedded limestone and
shale of Atoka and emly Strawn ages underlying the atoll.

Debris eroded from higher and older
parts of the atoll has accumulated on both
flanks of this structure and has been scat-
tered laterally for many miles, resulting
in masses of calcirudile and calcarenite
that {lank the atoll and (in rocks of Wolf-
camp age) interfinger with shale adjacent
te the atoll.

Rothrock et al. (1953) in a discussion
of the zonal arrangement of the reef-com-
plex in Scurry County presented a map
showing contours on the top and the base
of the “intermediate zone.” This “inter-
mediale zone” was based on differences in
lithology and effective porosity of the reef
limestone. The zonalion as presented in
that publication was correct on the basis
of the data which were then available and
the criteria which were used. Additional
data and detailed study have indicated,
however, that as many as three distinct
zones of low porosily were included as
part of the “intermediate zone,” and that
its relationships to the standard time units
were not entirely correct. Therefore, in
the following discussion it is necessary to
make some revision of the porosity zona-
tion of the reef-complex.

Two distinct types of porosity zones ap-
pear to be present in the reef-complex:
(1) zones consisting of relatively large
amounts of low porosity (hereinafter re-
ferred to as “Type A” zones); and (2)
zones consisting of relatively large
amounts of high porosity (hereinafter re-
{ferred to as “Type B” zones). (See PL 1.)
Both types of zones, as shown in cross sec-
tions C-C’ through J-J” (Pls. 2 and 3), are
based on porosity determinations from
micrologs and neutron curves, the strati-
graphic distribution of shale and calciru-
dites (composed of pre-existing reef frag-
ments), and age determinations. (The
utility of the microlog as an indicator of
semiquantitative porosity values of the
reef limestone is discussed in the preced-
ing section on methods of study.)

Type A zones consist mainly of reef
limestone of relatively low effective poros-
ity (less than 4.5 percent). Study of cores
and insoluble residues indicates that zones
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of this type contain one or more thin beds
of shale and more argillaceous material
than the Type B zones. Calcirudite con-
sisting of older reef fragments comprises
a» much as 60 percent of the Type A zones.
Type B zones consist mainlv of reef lime-
stone of relatively high effective porosity
(greater than 4.5 percent). They contain
neither calcirudite (pre-existing reef frag-
ments) nor beds of shale; they have a
relatively small amount of insoluble res-
idue (usually less than 1 percent).

An example of the excellent corre-
lation of the various data used in estab-
lishing these major zones is shown in Plate
1 Tt is difficult or impossible to establish
these zones, however, by analyzing the
data from only one or a small percentage
of the wells. To establish, evaluate, and
interpret the zones in the reef-complex, it
is necessary to study in considerable detail
relativelv extensive areas such as the
major oil fields.

Faunal horizons that are plotted with
relation to Types A and B zones show that
these zones are related to the standard
time units of the Pennsylvanian and Per-
mian systems. The cross sections C-C’
through J-J* (Pls. 2 and 3) show the re-
lationships of effective porosity to thin
beds of shale and to age.

Evidence indicates that rocks contain-
‘ing fusulinids of Canyon age have four
zones; that rocks containing fusulinids of
Cisco age likewise have four zones; and
that rocks belonging to the Wolfcamp have
at least two zones, No attempt was made to
define zones in detail in the rocks belong-
ing to the Strawn because of the wide
spacing of most of the bore holes penetrat-
ing rocks of Strawn age. It appears, how-
ever, that these rocks also have at least
four zones similar to those in the younger
reef-complex.

Some zones can be traced throughout
the area; others have more limited dis-
tribution, probably having been truncated
by later erosion. Correlation and tracing
of these zones is difficult where (1) they
are thin; (2) two or more zones of the
same type coalesce; (3) paleontological

Bureau of Economic Geology, The University of Texas

data are lacking over large areas; or (4)
micrologs are of poor quality (such as in
the Salt Creek oil field where salt-water
base mud was used in drilling many of
the wells}. Any of the above factors ob-
scures the zones and makes correlation
difficult. The differences in the two types
oi zones are the result of a varied and com-
plex geologic history.

Criteria for the recognition of uncon-

formities within the atoll—Several un-
conformities are believed to exist within
the body of the Horseshoe atoll. Recog-
nition of these unconformities is of con-
siderable importance to the interpretation
of the stratigraphy and geologic history
of the atoll. It is therefore pertinent to de-
scribe the criteria that have been used to
identify unconformities within the reef-
complex before discussing in more detail
the stratigraphy of the atoll.
__The Horseshoe atoll is believed to con-
tain unconformities due to erosion and
unconformities due to nondeposition. Both
tvpes are without angular discordance.
Unconformities due to nondeposition may
be detected by faunal changes within ap-
parently continuous lithologic umits, as
discussed in the section on paleontology.
Those unconformities due to erosion are
indicated by the following:

(1) Calcirudite {(or reef breccia), containing
fragments of pre-existing reef limestone, extend-
ing across the atoll.

(2) Widespread distribution of small-scale
solution features such as interconnected pores
and stylolitic contacts between the fragments of
reef breccia.

(3) Large-scale erosion features resembling
stream valleys and sink holes.

(4) Widespread beds of shale.

(5) Mixed faunas of different ages,

(6) The presence of vounger reeflike car-
honate accumulations too far down the flank of
the older part of the atoll to be within the biotic
zone of reef poential. (For a discussion of this,
see Cloud, 1952.)

(7) Lateral truncation (along the strike) of
recognized porosity zones within the core of the
atoll.

(8) Relatively low angles of slope on the flanks
of the atoll, and large amounts of detrital ma-
terial on the flanks apparently derived from
older and higher parts of the atoll, suggesting
extensive erosion of the atoll at certain times.

Rocks of Strawn age.—Rocks of Strawn
age in the reef-complex have a maximum
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thickness of about 750 feet and are present
throughout the entire atoll. The combined
thickness of these rocks and the biostromal
limestone of Strawn age underlying the
atoll in the eastern third of the mapped
area is shown in Plate 4. The reef rocks
lie at all places on the biostromal lime-
stone of Strawn age. They are generally
overlain unconformably by reef limestone
of Canyon age. In the fore-reef area, how-
ever, reef limestone of Cisco or Wolfcamp
age or post-reef terrigenous rocks of Cisco
or Wolfcamp age commonly overlie lhe
reef rocks of Strawn age.

Rocks of Canyon age.—Reefl rocks of
Canvon age have a maximum thickness of
approximately 800 feet. These rocks are
present in most parts of the atoll, but at
some places in the northernmost part of
the area (in parts of Kent, Garza, Dickens,
and Crosby counties) and in the Tahoka
oil field (P1. 9) in Lynn County they are
absent. These rocks lie unconformably on
“rocks of Strawn age at all places. Along
the crest of the reef they are generally
overlain unconformably by rocks of either
Cisco or Wolfcamp age. Elsewhere, how-
ever, terrigenous shale, siltstone, and sand-
stone of Wolfcamp age generally overlie
the rocks of Canyon age.

The unconformity that appears to be
present at the base of the Canyon is prob-
ably the most easily recognized within the
reef-complex. It is present throughout the
area of the atoll. The surface of this uncon-
formity is relatively flat along the eastern
part of the atoll and in the lagoonal area,
but it steepens toward the seaward side
as shown by contours on Plate 4. In the
western two-thirds of the area, the sur-
face of the unconformity was not con-
toured because of insufficient well control.
The unconformity in the middle of rocks
of Canyon age has been traced only in
the higher hills in central and northern
Scurry County and in Kent County; else-
where, it has been removed by subsequent
erosion. To the west, this part of the reef-
complex is seldom penetrated by drilling.

Rocks of Cisco age.—Rocks of Cisco age
in the atoll lie unconformably on reef

“rocks of Canyon age. Locally rocks of

Cisco age are as much as 600 feet thick but
are commonly absent in the lagoonal and
seaward areas and in places along the
reef crest in Scurry and Kent counties.
Along the crest of the atoll in western
Howard County, western Borden County,
Dawson and Gaines counties, and south-
ern Terry County, reef rocks of Cisco age
are overlain by reef rocks of Wolfcamp
age. In eastern Borden County and How-
ard County, however, the reef-complex of
Wolfcamp age occupies the valleys be-
tween the cil fields and the fore-reef area
at the same and lower elevations. In this
area, reef rocks of Cisco age are every-
where present along the crest of the atoll.

The unconformity at the base of reef
rocks of Cisco age is probably present
throughout the area of the atoll. It is more
commonly penetrated by the drill north-
east of the Reinecke oil field because (1)
the upper part of the Cisco becomes thin-
ner in that direction, and (2) the uncon-
formity is above the oil-water interface
along the crest of the atoll in most of
Scurry and Kent counties. The unconform-
ity at the base of the rocks of upper Cisco
age is well represented in the area of the
Good and East Vealmoor oil fields in Bor-
den and Howard counties, However, the
rocks of upper Cisco age have been re-
moved in much of Scurry and Kent coun-
ties and this unconformity is usually dif-
ficnlt to distinguish.

Rocks of Wolfcamp age.—Reef rocks
assigned to the Wolfcamp series have a
maximum thickness of approximately
1,000 feet. At different places in the atoll
these rocks are in contact with rocks of
Cisco, Canyon, or Strawn age. Reef rocks
of Wolfcamp age are present along the
crest of the atoll from the Scurry oil field
in Scurry County westward to the Well-
man oil field in Terry County. Northeast-
ward from the Wellman oil field and
northwestward from the Scurry oil field,
resf rocks of this age are not known to be
present. From the physiographically high
part of the atoll along the Gaines-Dawson
County line, eastward and northward
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along the crest of the atoll, the amount of
reef rocks of this age progressively les-
sens. The relatively small amounts of reef
rock of Wolfcamp age east and north of
the East Vealmoor oil field are especially
notable. The most northeasterly reef rock
of this age is in northern Scurry County
(P1. 9, well 177), wherc calcirudite (com-
posed of pre-existing reef fragments) con-
tains fusulinids of Wolfcamp age.

Rocks in reservoirs entirely of Wolf-
camp age (such as in the Adair (Wolf-
camp) reservoir) were not studied in suf-
ficient detail to determine the presence of
unconformities within this part of the
reef-complex. An unconformity is known
to be present at the base.

Limestone of Wolfcamp age is believed
to have been deposited on the crest of the
Horseshoe atoll and also on the flanks of
the atoll. In the western part of the atoll,
limestone of Wolfcamp age that contains
almost no clastic material derived from
other parls of the aloll was deposited on
the iops of hills that now form the East
Vealmoor, Vealmoor, Good, Spraberry
West, Mungerville, Northwest Munger-
ville, Adair (Wolfcamp), and Wellman
oil fields (PL. 9) in Borden, Howard, Daw-
son, Gaines, and Terry counties. Farther
east, limestone of Cisco age is present on
the tops of hills along the crest of the atoll,
but limestone of Wolfcamp age has been
found low on the flanks of these hills as
far northeast as the northern part of the
Scurry oil field (PL. 9, well 177).

The limcsione of Wolfcamp age low on
the flanks of the hills in the castern part
of the atoll is cither (1) detritus derived
from erosion of rocks higher on the aloll,
(2) a fringing reel developed by the
growth of organisms on the flanks of the
atoll, or (3) hoth detrital and fringing-
reef limestone. Study of cores from Wil-
shire 0il Company’s No, 8 Lunsford, Pan-
American Producing Company’s No. 1
Glass, and Sun Oil Company’s No. 1 Brice
(PL. 9, wells 90, 190, and 177, respec-
tively) reveals that this limestone is at
least in part composed of {ragments of
older reef limestone. Fusulinids of Penn-

sylvanian age are associated with fusu-
linids of Wolfcamp age in this limestone,
indicaling that il was derived at least in
part from eresion of Pennsylvanian rocks
higher on the aloll. Cross section E-E” on
Plate 2 shows the siratigraphic relation-
ships of this Wolfcamp limestone.

Some of the limestone of Wolfcamp age
{lanking the Horseshoe atoll is extremely
low with reference to the crest of the atoll.
For example, the base of limestone of
Wolfcamp age in Brinkerhoffi Drilling
Company’s No. 1 Jones well (PL 9, well
191), southwest of the Vealmoor field in
Howard County is approximately 1,800
feet lower than the top of the Cisco rocks
along the crest of the atoll to the north-
easl. In this well fossils were reported to
be of Wolfcamp age, and it may be that
this limestone was derived from Wolf-
camp rocks higher on the atoll and carried
down the flanks by submarine slides in the
manner postulated by Newell et al. (1953,
pp. 69-77) for origin of tongues of lime-
slone apparently derived from the Capitan
reef.

Tongues of limestone of Wolfcamp age,
along the upper part of the atoll, extend
into the shale adjacent to the atoll at many
places and contain mixed and reworked
fusulinids of Canyon, Cisco, and Woli-
carap ages. It is inferred that the lime-
slone was derived by erosion from rocks
along the crest of the atoll—in a manner
similar to the limestone along the flanks
described above—and was deposited con-
temporaneously with the shale. Cross sec-
tion A-A’ (PL. 5) shows diagrammatically
the relationships of such limesione
tongues. Presence of fossils of Wolfcamp
age in many of the tongues indicates that
much of the shale enclosing the tongues
and bordering the atoll is also of Wolf-
cap age.

STRATIGRAPHY OF THE ROCKS
OVERLYING THE ATOLL

General characteristics and relation to
rocks in the atoll—Most of the rocks im-

mediately adjacent to and overlying the
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reef-complex belong to the Wolfcamp
series. In eastern Kent County, central
Dickens Counly, and central Crosby
County, however, a few hundred feet of
shale, siltstone, and sandstone (the “black
shale” of most subsurface workers) may
belong to the Pennsylvanian system (Pl
5). Elsewhere nonreef rocks of Pennsyl-
vanian age are much thinner. The strati-
graphic relationships of rocks of the reef-
complex to the surrounding “black shale”
has been controversial since the first reef
oil field discovery. Nearly everywhere, the
Pennsylvanian reef rocks and the “black
shale” are not contemporaneous. Strati-
graphic relationships indicate that the
interfingering of reef limestone and shale
adjacent to the atoll (by which some work-
ers have established conlemporaneity)
exists only in rocks of Wolfcamp age, and
that such interfingering is nol generally
present between reef rock of Pennsylva-
nian age and the adjacent shale,

The rocks belonging 1o the Wolfcamp
series overlying the atoll reach a maxi-
mum thickness of more than 3,500 feet.
The stratigraphy of these rocks is very
complex; in general, however, there is a
lower unit of 2,000 fect or less, which con-
sists of gray to black shale, siltstone, sand-
stone, and a relalively small amount of
limestone (“black shale,” Pl 5); and
an upper unit, which consists largely of
limestone and shale and some siltstonc.
Few lithologic units in the enlire Woli-
camp scries are persistent and none can
be traced throughout the entire mapped
arca.

The lower “black shale® umit is not of
the same age at every place. It transgresses
time lines to the south and west. General
lithologic characteristics, apparent pri-
mary structures, and general siratigraphic
relationships indicate this “black shale”
unit was probably deposited as deltaic
sediment.

The upper limestone-shale-siltstone unit
is also stratigraphically complex. It trans-
gresses time lines to the south and west.
In large part, this unit is represented by
(1) a large mass of carbonale rock re-

sembling a barrier reef, which more or
less rims what was formerly considered to
be the eastern margin of the Midland
basin, (2) shale, siltstone, and limestone
which were deposited in the basin on the
west side of this carbonate mass, and (3)
relatively thinner beds of limestone and
shale to the east of this reeflike mass. The
siltslone unit that was deposited in the
basin westward from this carbonate bar-
rier is commonly called the Dean sand-
slone by petroleum geologists. A similar
facies distribution appears to be present
in the Leonard part of the sequence in the
Midland basin, wherein the Spraberry
siltstone occupies a position analogous to
the Dean siltstone.

Relationships in the eastern part of the
area.~—In general, the lower “black shale”
unit, including several limestone lenses,
consists of rocks that appear to have been
deposited as a part of a transgressing
delta. The Dean silistone (Table 4 and PL
5) in most places immediately overlies the
lower shale unit; however, it is not present
in most of Kent, Lubbock, Crosby, Scurry,
Milchell, Hockley, and Andrews counties,
western Gaines County, and southern
Howard County (PL 6).

The upper unit of limestone and shale
becomes thicker in the area east and north-
east of where the Dean siltstone is present.
As shown in Table 4 and Plate 5, near the
Scurry-Borden County line the Dean silt-
stone becomes thinner and very calcareous.
It laps onto the older shale unit. These
stratigraphic relationships hold true at all
places where the Dean changes to a car-
bonate rock. Lithologically the Dean is
more closely related to the Spraberry silt-
stone of Leonard age than to any unit
within the Wolfcamp. The Dean and Spra-
berry to the west were deposited contem-
poraneously with thicker limestone and
dolomite to the east of the Borden-Scurry
County line and in southern Howard
County.

Relationships in the western part of the
area.—In Gaines County, southern Terry
County, and western Dawson County the
lower “black shale” unit and the upper
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limeslone and shale unit fail to cross the
atoll and are overlapped by the Dean
siltstone, The Dean siltstone rests directly
on reef limestone in thesc areas. In one
well in the Mungerville oil field (PL 9,
well 175), the Dean is apparently absent.
No satisfactory explanation has been
offered 1o account {or ils abscnce in this
well. To the southeast, in eastern Andrews
County and northweslward through Gaines
_Counly, the Dean silistone hecomes thin-
ner and calcareous, finally disappearing
into a limestone mass. The line along
which it disappears roughly parallels a
carbonate mass resembling a barrier reef
on the western side of the Midland basin,
which in turn parallels the eastern side of
the Ceniral Basin Platform. This siltstone-

carbonate change of facies resembles the
one described 1o the east.

Relationships in the northern part of
the area.—The stratigraphic relationships
of the nonreef rocks of Wolicamp age in
the eastern half of Crosby County and in
Dickens County are similar to those in
Scurry and Kent counties. The lower
“black shale” and upper limesione and
shale unils are illustrated on Plate 5. In
Lubbock and western Crosby countics, the
“black shale” sequence becomes consider-
ably thinner, and as a result the entire
sequence of rocks of Wolfcamp age also
becomes thinner. Throughout the atoll
area, a general coarsening of the grain
size of the “black shale” rocks is notice-
able in a northeasterly direction.



PALEONTOLOGY

The following discussion of faunal as-
sociations is based on fossils studied dur-
ing ihe detailed examination of cores from
130 wells in the Horseshoe atoll. Mega-
fossils from areas outside the Scurry
County portion of the atoll were given no
more than a cursory examination. In the
seclion dealing with the Fusulinidae, all
available information from all paris of
the Horseshoe atoll has been utilized.

Ages of the different rocks in the Horse-
shoe atoll were delermined by study of
fusulinids found in cores and data sup-
plied by the Paleontological Laboratory,
Midland, Texas. Fossils other than fusu-
linids were nol studied in detail because
of their scarcity or because of limited
knowledge of their application in these
subsurface problems.

Inasmuch as fusulinids were used to the
exclusion of other groups of fossils in
making age determinations, the following
limitations must be borne in mind. A
single group of organisms when used for
stratigraphic purposes, may give a dis-
torted picture of time relationships.
Greater precision in correlation would be
obtained by the use of an entire fauna, as
the distorting elements in each group of
organisms would tend to cancel one an-
other. However, when dealing with sub-
surface problems, where paleontologic
studies are confined to samples from cores
or well cuttings, the percentage of the total
fauna in any given sample must neces-
sarily be small. This is especially true
when dealing with groups of large fossils
such as the brachiopods and mollusks. The
smaller fossils such as the fusulinids are
often represented by a very great number
of individuals and thus are more useful for
subsurface correlation purposes.

FAUNAL ASSOCIATIONS

The major faunal groups of the Horse-
shoe atoll include echinoderms, fusulinids
and other foraminifers, brachiopods,

bryozoans, coelenterates, and mollusks.
The relative abundance of the major
groups of fossils, as determined from the
megascopic core descriptions, is shown
in figure 7. For the purposes of this illus-
tration, the carbonate rocks of the atoll
were lrealed as a unit, No attempt was
made to associale relative abundance of
organisms wilh lithic types of limestone.

The percentages in the common and
abundant categorics shown in figure 7
are probably high for the larger sized
organisms, such as the brachiopods. When
several brachiopods were noted in a small
cample of a core, the occurrence would be
listed as common or abundant. If the same
number of fusulinids were observed in a
similar volume of core, the occurrence
would be listed in a lower unit of relative
abundance.

Relative abundance of the various
groups of fossils was determined at the
time the cores were being described. The
thickness of the unit containing the various
categories of relative abundance was noted
for each major group of fossils. The dis-
tribution figure was then computed using
the total amount of available core as 100
percent. Within the limitations described
above the percentage numbers represent
the gross over-all distribulion of the major
groups of fossils throughout the body of
the reef. No separalion was made on the
basis of age or stratigraphy. Figure 7 dem-
onstrates the numerical importance of the
various kinds of shell-bearing organisms
that inhabited the reef during its time of
existence. All comminuied fossil debris
that could be seen megascopically but
could not be identified was lumped under
“indeterminate fragments.”

Fchinoderm remains were found in
about 81 percent of the core samples.
Echinoderm parts are more abundant
than the remains of any other group of
metazoan fossils and it is suspected that
they are present in all parts of the reef.
They are represented by imnumerable
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crinoid columnals, widely scattered calyx

plates and cirri, and by echinoid spines.
The columnals are mostly dissociated, but
segmenls of stems several inches long have
been noted, and segments as much as an
inch long are common. Spines have been
noted in some hand samples, but are more
conspicuous in pelrographic thin sections.
Crinoids are much more abundant in the
darker, slightly more argillaceous (low
porosity) zones in the reef limestone than
in the less argillaceous (high porosity)
zones,

Fusulinids have been observed in about
74 percent of the core samples. The fusu-
linid tests are generally well preserved
and show little evidence of abrasion. Most
of them are filled with lithified lime mud,
aggregates of anhedral calcite grains, or
with a combination of drusy calcite lining
the walls and anhedral calcite filling the
remainder of the test. In a very few speci-
mens the cavity is incompletely filled.
Preservation is generally best in calcilutite
and in the relatively low-porosily, argil-
laceous zones in calcarenite. Tn the high-
porosity zones, many fusulinids are so ex-
tensively leached that identification is im-
possible. Fusulinids in the reef breccias
commonly are broken or have lost their
outer whorls by abrasion. In many parts
of the atoll, assemblages have been found
containing species of {fusulinids typical of
rocks of both Canyon and Cisco ages.
Such occurrences indicate reworking of
the fauna, a factor that was considered
when making faunal determinations. The
fusulinids embedded in the shale are com-
monly crushed, probably because of pre-
lithification compaction.

Brachiopods were noted in about 47
percent of the core samples, Several
groups of brachiopods are represented in
the fossil record. Productids, the Athyri-
dae, represenied by Composita sp., and the
Rhynchospirinidae, represented by Hus-
tedia sp., are the most numerous. Discinid
brachiopods are fairly common in shale
bul have not been noted elsewhere. Other
groups of brachiopods are less common.
Preservation of the brachiopods is gen-

erally good. Many productids are pre-

served with the spines intact. This is
thought to indicate that they lived, died,
and were entombed in relatively quiet
waters; otherwise, the delicate spines
would not have been preserved intact and
attached to the shell,

Bryozoa are f[airly common, as indi-
cated by their presence in about 26 per-
cent of the core samples. The large amount
of bryozoan debris in thin sections sug-
gests that these animals are more numer-
ous than megascopic observations indi-
cate. Wherever fenestellid bryozoans are
present, they are the most conspicuous of
the class. Many large [ragments of fenes-
tellid bryozoans have been found, and in-
asmuch as they are very fragile, it is un-
likely that they have been transported far
from the locality in which the organisms
died. Encrusting Bryozoa were observed
which had grown around segments of
crinoid columnals or brachiopod shells.
Ramose Bryozoa also were noted.

Coclenterates were found in about 12
percent of the core. They consist of tetra-
corals resembling Lophophyllidium as
well as colonial corals resembling Chae-
tetes. Chaetetes has been found only in
those portions of the recf known to be of
Strawn age. The corals, however, are of
minor importance in the reef.

The Mollusca are sparsely distributed in
about 9 percent of the core. Gastropods
are the mosl common and have random
distribution. Ammonoids are present in
both the shale and the limestone of the
atoll but are commoner in the former. A
small lot of aboul 15 ammonoids from a
granular, porous gray limestone in Gen-
eral Crude Qil Company’s No. 193-2
Coleman well in the Salt Creck ficld, Kent
County (P1. 9, well 169), at 4,365 feet
below sea level was submitted to Macken-
zie Gordon, Jr., of the Geological Survey,
who identified these ammonoids as Pro-
noritid? sp. indet., and Peritrochia (Sub-
kargalites) parkeri (Heilprin). Concern-
ing thede ammonoids, he says (personal
communication) :
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The first ammonoid, represented by a single
young specimen has not yet developed its mature
septum and shape, and therefore cannot be identi-
fied even as to genus. It may be a young Udden-
ites, but judging largely from the shape, Pro-
norites or Neopronorites is more likely. The sec-
ond, represented by all the rest of the specimens,
has the sort of suture that has been described for
thiee known species all of them upper Carbon-
iferous in age: Ammonites parleri lleilprin,
1884, described first from an incomplete specimen
from Wisc County, Texas, and said by Plunmer
and Scott to be common in the Graford formation
at Bridgepoit, Wise County; Marathonites?
hargisi Bése, 1917, described from a single speci-
men from the Hargis Ranch in Brewster County,
Texas, and common in the Gaptank formation at
several localities in Brewster County; and Kar-
gulites (Subkargalites) neoparkeri Ruzhencev,
1950, from Zianchurian “horizon” of the Jigule-
vian stage in the Ural Mountains of Russia, which
Ruzhencev correlates in part with the Missouri
series in America (as defined by Moore et al.,
1944, and believes is older than the Virgil series.
In citing the three species above, I have used the
original name as proposed by the author of the
species. According to current American usage,
all three belong in the genus Peritrochia Girty,
1908. Sublargalites Ruzhencev may be useful as
a subgenus as it was proposed for P. hargisi.
Some authors believe hargisi to be a synonym of
P. parkeri.

At any rate, this type of peritrochid suture is
found in forms that appear to be limited to the
upper hall of the Pennsylvanian in Texas and
roughly equivalent beds in Russia.

The presence of “Wedekindellina” ulti-
mata in this well at a depth of 6,508 feet
below the surface not only supports the
ammonite evidence of Canyon age but fur-
ther suggests early Canyon age. The rocks
at this depth fall within the Type A zone
at the hase of the Canyon.

Pelecypods, represented by the Pecti-
nacea, are commonly present in the shale
beds in the reef-complex. Arthropods were
observed in less than 1 percent of the core
samples. The arthropods recognized in
this study consist of ostracods and rare
{ragments of trilobites. Osiracods are
probably more numerous than indicated
becausc they are easily overlooked in the
method of study followed in this paper.
Fish scales were noted, usually in the
shale.

An assemblage of conodonts was found
by W. H. Hass, of the Geological Survey,
in the Wilshire Oil Company’s No. 8 Luns-
ford well (PL 9, well 90), from the Scurry
County part of the atoll. These conodonts

were in the “black shale” parts of the core.
Mr. Hass reports (personal communica-
lion) :

The conodonts present in the black shale at
a depth of 6,741 to 6,979 feel in the Wilshire il
Company’s Lunsford No. 8 well, Scurry County,
Texas, do not permit an age determination more
precise than late early Pennsylvanian to middle
Permian. The same kinds of conodonts were
found to range throughout the entire black shale
inteival; and the faunal assemblage consists of
only a few generic kinds of conodomts. These have
been identified as Hindeodella, Ozarkodina, and
Streptognathodus, Of these, Streptognathodus is
the only genus considered to have stratigraphic
significance, and the aforementioned age de-
termination is based entirely on the presence of
this genus in the collecton.

Except that they suggest a marine environment,
the presence of conodonts in the hlack shale of
the Wilshire core has no real paleoecological
significance. It is the writer’s opinon that the
anmal that bore conodonts was a part of the
nektonic biota, This view is held because the
same conodont genera and species are known
to lli(e present in all kinds of marine sedimentary
rocks,

Algae, although probably present in the
Horseshoe atoll, were not recognized in
abundance by the writers. It is believed
that they may have played an important
part in the formation of the atoll, but that
diagnostic algal structures were not widely
preserved in the rock. Structures of pos-
sible algal origin were found in the Hum-
hle No. 2 McLaury well (PL. 9, well 171)
at 4,921 fect below sea level (Pl 14,D).
Eltiott and Kim (1952) reported algae
from Honolulu Oil Company’s No. 1 Mc-
Gowan well in Terry County, Texas (P19,
well 164). They examined a suite of 84
core samples from depths of 9,941 feet to
10,082 feet below sea level and prepared
thin scctions of 25 samples taken at about
5-fool intervals. They reporled calcareous
algae from all thin seclions. In many sec-
tions, only small amounts of algal ma-
terial could be definitely identified; how-
ever, an algal origin was suggested for
much more material by general outline
and “ghost” [sic] structure. The best pre-
served algal remains were fragments or
grains in which the internal structures of
the algae remained. Elliott and Kim
(1952) identified these fragments as be-
lenging 1o the family Codiaceae. Most
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fragments were rounded and apparently

had been broken and carried from their
place of origin.

Elliott and Kim also noted an abun-
dance of malerial that appeared as a dense
to “finely crystalline” [sic] groundmass
containing dark lineations. These line-
ations were concentric or roughly parallel,
suggesting either concentric algal growths
as in cryptozoan colonies, or branching
tubes typical of the Codiaceae, similar to
Anchicodium. 1f this material is of algal
origin, as suggested by Elliott and Kim, it
is likely that a large part of the rock ma-
irix is of algal origin and that the Horse-
shoe atoll owes its existence to the frame-
building, sediment-binding, and lime-
precipitating capabilities of algae,

FusuLINIDAE

Previous studies of Texas fusulinids—
Published reports on the Fusulinidae of
Texas have been concerned mostly with
studies of collections from the outerop-
ping rocks. Little information has been
published on samples from the subsur-
face. The most notable study was that of
Dunbar and Skinner (1937), in which the
Texas Fusulinidae of Permian age were
described from outcrops, mainly in west-
ern Texas. Earlier workers such as Beede
and Kniker (1924} and Roth (1931),
have discussed some aspects of the fusu-
linid faunas. White (1932) made a gen-
eral survey of some of the fusulinids of
the State, and his report includes fusu-
linids ranging in age {rom Strawn through
Wolfcamp. Henbest (1938) made a study
of [usulinids of Cisco and Wolfcamp age
from ceniral Texas, and his report in-
cludes preliminary notes on the ranges of
some of the species, Heck, Yenne, and Hen-
best (19524, b), and Dunbar {1930, 1932)
have published the only data on fusulinids
from the subsurface. In their report, Heck,
Yenne, and Henbest noted the presence of
Schwagerina in the Scurry reef; Dunbar
noled the presence of T'rilicites ventricosus
in the Big Lake oil field. Thompson
(1954) described species and gave data on

stratigraphic ranges of fusulinids from

outcropping rocks of Wolfcamp age in
central Texas.

Commercial workers, such as the Pale-
ontological Laboratory in Midland, Texas,
and paleontologists working for various
oil companies have done considerable
work on the fusulinids from the subsur-
face. The Paleontological Laboratory has
generously allowed free access to unpub-
lished data, and the tracing of many hori-
zons above the aloll was largely dependent
upon that information.

Comparison of fusulinids in the Horse-
shoe atoll and in north-central Texas.—
The vecords of the Pennsylvanian and
early Permian fusulinids in west and
north-centra] Texas have been used more
than those of any other fossil for interpret-
ing the age and significance of the Horse-
shoe atoll fossils. Most groups of fusu-
linids found in the outcropping rocks are
also encountered in the atoll, and assign-
ment of fusulinids to their correct straii-
graphic position is ultimately dependent
upon accurate knowledge of the succession
of rocks in type sections, most of which are
on the surface.

This preliminary outline of the charac-
teristics and stratigraphic range of the
fusulinid zones in north-central and in
wesk Texas was made possible by partici-
pation in the detailed study in progress of
the Fusulinidae in north-central Texas by
L. G. Henbest, D. A. Myers, and R. C.
Douglass, and since 1950 by studying and
collecting from the Permian in west Texas.

It has been found that the fusulinids
from each bed are distinciive, and as-
semblages of them can be approximately
matched over great distances, Thus, for
example, the Speck Mountain limestone
of the Thrifty formation in the Cisco group
in Brown and Coleman counties contains
a typical Trisicites-Dunbarinclla-Schu-
bertella fauna that is identical with that
of the Blach Ranch limestone to the north
in Stephens and Fastland counties, Texas.
Likewise, the fusulinid fauna from the
Adams Branch limestone member of the
Graford formation in the Canyon group
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characteristicaily carries a fauna of which
Triticites ohioensis is the dominant
species. This fauna usually is near the top
of the bed wherever this member is found.

In central Texas, fusulinids are most
abundant in limestone and are also present
in smaller amounts in shale and sandstone.
However, in a few shale units, such as the
Brownwood shale member of the Graford
formation, fusulinids are abundant. It is
not known to what extent sedimentary en-
vironment affects the distribution of the
fusulinids. It is suspected that they favored
an environment in which carbonate sedi-
ments were being deposited. It is suggested
that assemblages in highly arenaceous or
argillaceous rocks may represent a thana-
tocoenose—a dcpositional rather than a
life assemblage. Objects having the shape
of a fusulinid could readily be rolled in
a direction normal to the long axis and
deposited in great numbers in an environ-
ment other than that in which the organ-
ism lived. Assemblages in clastic rocks
commonly show evidences of reworking,
such as tests that are abraded, have the
ends broken, or have the outer whorls
nissing. The fact that [usulinids froro the
outcrop can he matched from similar hori-
zons over great distances suggesis that
broad areas of similar ecologic conditions
must have existed during the time in which
the individual species lived.

The rapid evolution of the Fusulinidae
makes various of ils species excellent in-
dex fossils, Their evolution was such that
one species grades imperceptibly inlo an-
other. Al limes the difficulties encountered
in separating one species from another are
almost insurmountable, Variation within
e oiven species is great bul usually follows
an orderly evolutionary scheme.

For the purposes of this investigation the
fusulinids were divided into groups of
gimilar or closely related species which
will be identified in this paper by the most
characteristic or the best known species of
the group. These species groups, the hori-
zon in which the name-bearing species of
the group occurs, and the known strati-

graphic range of the group are listed in

Table 6. Each group ranges through one
or more formations. For example, the
group of Triticites veniricosus first ap-
pears in the upper part of the Canyon
group and extends into the upper part of
the Wolfcamp series. Evolutionary
changes within the species group may be
used to determine the stratigraphic posi-
tion of the individual variants. In the
species group of T'. ventricosus, as in most
others, the changes consist mainly of an
incrcase in size and complexity of in-
ternal features.

Ouitline of the stratigraphic ranges and
characteristics of fusulinid zones in north-
central and west Texas—In order to ac-
quaint the rcader with the fusulinid genera
and some of their morphologic character-
istics, the following discussion of fusu-
linids found in the outcropping rocks of
norih-central and west Texas has been
introduced.

Fusulina in ceniral Texas is restricted
to rocks belonging to the Strawn group.
In the lower part of the Strawn, primitive
species of this genus are present with
WWedekindellina. The most highly de-
veloped species of Fusuline in central
Texas occur in the Capps limestone near
the top of the Strawn group.

“Wedekindellina” uliimata Newell and
Keroher is found in the lowermost rocks
of the Canyon group. It has a general
wedekindelloid appearance without the
axial filling typical of that genus. The wall
siruclure is intermediate between that of
Fusulina and Triticites. In the Horseshoe
atoll, specimens of the genus Fusuling are
generally found within 30 to 50 feet below
the first occurrence of “W.” ultimata.

Tn the Canyon group, species of T7iti-
cites are generally elongate, thin-walled,
weakly fluted forms, T irregularis, which
occurs most abundantly in the Brownwood
shale member, is a small primitive triticite
of variable shape. The most primitive
Triticites generally have fusulinelloid
chomata in the earlier whorls. The wall
structure in the earlier whorls often re-

sembles that of Fusuling or Fusulinella.
Some species, such as T. ohioensis, are
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large for the genus, a few individuals at-

taining a length of 8 mm. In general, the
Canyon species of these elongate forms
will have tunnel angles ranging from 50°
to 70° or higher in the penultimate whorl
of adult specimens. The younger Canyon
species are mainly developed from the T.
irregularis-T. ohioensis stock, except for
the primitive members of the group T.
ventricosus which first appear in the
Ranger limestone.

The fusulinids of the Cisco group in-
clude T'riticites, Dunbarinella, Schubert-
elle, and Waeringella. Of these genera,
Triticites ranges throughout the cntire
Cisco; Dunbarinella has been found as
low in the section as the Gunsight lime-
stone member of the Graham formation;
Schubertella has been collected from the
Speck Mountain limestone member of the
Thrifty formation; and the genotype of
Waeringella is present in the lowermost
beds of the Cisco. The genolype of
W aeringella was described from the Salem
School limestone member of the Graham
formation, which, at the type locality, im-
mediately overlies the Home Creek lime-
stone member of the Caddo Creck for-
mation, being separated only by thin beds
of clastic rocks. When encountered in the
subsurface, it makes an cxcellent guide
fossil.

The species of Triticites in the Cisco
group have many shapes. They may be
subeylindrical, ventricose, or subspheri-
cal. Complexity of septal fluting ranges
from almost plane septa, as in Triticites
cullomensis and related forms, (o strongly
but irvegularly fluted septa. In general,
fluting increases in complexity as the geo-
logic column is ascended. Wall thickness
ranges from thin in the lower Cisco species
lo thick in the upper Cisco species. The
size of the proloculus hecomes larger in
the species found in younger rocks.

Dunbarinella is found in rocks of Cisco
and Wollcamp ages. It first appears in the
lower Gunsight limestone member.
Species of “Triticites” resembling Dun-
barinella are found in the Bunger lime-
stone member of the Graham formation,

bul the relationships between the Bunger

species and the Gunsight species are not
clearly understood. It may be that the Bun-
ger species represents a transitional form
hetween the two genera. The lower Gun-
sight species is schwagerinid in appear-
ance; however, it possesses the character-
istic features of the genus Dunbarinella.
It is present also in collections from the
Ivan and Speck Mountain limestone mem-
bers, In the Speck Mountain member, the
genus is similar in many respects to Dun-
barinella compacta (White).

Species of Schuberiella in rocks of the
Cisco group (this genus occurs most often
in rocks of Permian age) have been found
in the Speck Mountain limestone member
in the Colorado River drainage area. At
certain localities lhey are abundant. The
next higher stratigraphic unit containing
this genus is the Waldrip limestones of
Permian age.

The older Wolfcamp fusulinids are
characterized by advanced species of the
genus T'riticites, primitive Schwagerina,
and species that are intermediate between
Triticites and Schwagering in develop-
ment. The Triticites are typically rather
large, often ventricose, with a large pro-
loculus. Septal fluting is usually strong
for the genus; chomata may be weak to
massive; the wall is usually thick and
coarsely alveolar. An exception is one
species in rocks of Wolleamp age that
looks very much like Triticites irregularis,
a species which is present in the Brown-
wood shale member of the lower part of
the Canyon group.

Schwagerina found in rocks belonging
Lo the lower parl of the Wolfcamp series
is typically a slender form with well-de-
veloped, somewhat irrcgular fluting, re-
sembling 5. emaciata in appearance. Other
forms, which vesemble Schwagering in ap-
pearance, have trilicite characteristics as
well, such as weakly and unequally de-
veloped chomata, which in most cases do
not extend to the penultimate whorl. In
many specimens, chomala are present only
in the first two or three volutions and Lhen
on one side only.
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The lowest stratigraphic unit contain-
ing the genus Schwagerina s.s., or species
known to be associated with Schwagerina
al other localities. is taken to indicate
the base of the Wolfcamp. Straligraphic
evidence indicates that, of the genera of
fusulinids which make their first appear-
ance in the Wolfcamp, Schwagering s.s.
is the earliest. In the oldest Wolfcamp
rocks, there are species of fusulinids which
are lransitional between Triticites and
Schwagering.  Other genera such as
Pseudoschwagerina, which are most diag-
nostic, are not present as near the base of
the Wolfcamp as Schwagering. In this
paper, the name Schwagerina is employed
in the sense outlined by Dunbar and Skin-
ner (1936, pp. 85-83). Their diagnosis
has been strictly followed.

Significance and methods of subsurface
study of fusulinids.—Fusulinid Foramini-
fera were used exclusively lo establish the
agc of the atoll, Techniques of preparation
for study for this paper were essentially
those outlined in Dunbar and Henbest
(1942, pp. 65-74). During this study
more than 2,700 oriented thin sections
were prepared from cores from about 130
wells in the atoll. Material {from well cut-
tings was not used becausc of the un-
cerlainly of the exact position of the
sample. Age determinations were made by
means of direct comparisons with suites of
material collected from known horizons at
the surface in ceniral Texas. Wherever
poseible, asscmblages of fusulinids were
used rather than individual specimens.

Cores were sampled for fusulinid-bear-
ing material during the routine process of
making core descriptions. Samples were
laken {from as near to the top and as near
to the bottom of the core as possible, and
usually at intervals ranging from 5 to 20
fecl throughout the core. Some cores were
sampled at 1- to 2-foot inlervals where
long seclions of fusulinid-bearing lime-
slones were presenl. Fusulinids were se-
lected for seclioning by slicing the core
inio thin discs, usually taken normal to
the long axis of the core. These discs were

examined with the aid of a binocular

microscope and specimens were marked
for sectioning. Chips containing the indi-
vidual fusulinid were cut from the discs
with a carborundum cut-off blade. The
chips were prepared in Lhe usual manner
(Dunbar and Henbest, 1942, pp. 65-74).
Critical and typical fusulinids from the
aloll were photographed at a standard
magnification of x10.

The absolute range of many species is
imperfectly known because of incomplete-
ness of the geologic record, or because of
incompleteness of the collections. In the
Horseshoe atoll, certain parts of Lhe geo-
logic column, discussed elsewhere, have
been removed by erosion. Except for these
missing intervals, the paleontologic record
is more complete in the subsurface Horse-
shoe atoll than on the surface; hence the
succession of fusulinid faunas and the in-
tergradational nature of the various fusu-
linid species are belter demonstrated in
the subsurface. However, by comparison
with the surface collections, enough key
forms can be recognized to corrclate the
seclion as a whole. Intervals in the atoll
conlaining numerous well-preserved fusu-
linids may be represenied by sections on
the surlace containing sandstone and con-
glomerate having few or no fusulinids.
Fusulinids found in these claslic rocks
are likely to be so poorly preserved or so
ohviously redeposited that they have litile
value in stratigraphie work.

There are several dilliculties encoun-
tered when working with sumples from the
subsurface. When samples consist of ro-
tary cuttings, it is usually necessary to use
fragmentary specimens. Intact specimens
are rare. Another problem is to obtain the
true depth from which the sample was
laken. Tactors involved in sampling are:
time lag during which the cuttings are
flushed to the surface, and contamination
by rock [ragments from higher beds.
Often the chips can be recognized by dif-
ferences in lithology; however, in reef-
type oil fields, the lithology may be uni-
form throughout. Often differences in

fauna will indicate contamination, but it
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is possible to work with a contaminated
sample without being aware of the fact.

For thesc reasons, work done on fusu-
linids in this study has been confined to
samples laken from cores. In core samples,
the depths are known with reasonable ac-
curacy, and it is usually possible to obtain
well-oriented intact specimens. By using
sumples from cores, it was possible to
recognize horizons that contained fusu-
linid faunas mixed by redeposition—
something that would be difficult or im-
possible when working with cuttings.

Many fusulinids from the subsurface
Horseshoe atoll differ from those found on
the surface. In the atoll certain sequences
of fusulinids represent an almost complete
evolutionary series wherein the various
species grade imperceptibly into one an-
other. To explain the differences in the
fusulinid faunas, the working hypothesis
is proposed that sedimentation within the
depositional area of Lhe atoll was more
continuous, except for brief periods of
erosion, than thatl on the surface in central
Texas. The surface section in central Texas
conlains numerous ‘‘channel” sandstones
and conglomerates as well as thick sec-
tions of shale. In these clastic intervals,
fusulinids are rare to absent. Scdimentary
rocks in the atoll which occupy a position
analagous to that of the clastic sequences
on the surface contain a more or less con-
tinuous series of fusulinids.

Characteristics and stratigraphic distri-
bution of fusulinids in the Horseshoe atoll.

—Fossils representing 11 genera of the
family Fusulinidac have been collected
from cores from the Horseshoe atoll.
These genera with their known strati-
graphic ranges in Texas and the Mid-
continent region are listed in Table 5.

The reef limestone of the Iorseshoe
aloll contains the faunal zones of Fusulina
and Triticites, and part of the zones of
Wedekindellina and Pseudoschwagerina
{Dunbar and Henbest, 1942, pp. 28-31).
The oldest parls of Lhis limestone mass are
within the upper part ol the zone of
Wedekindellina, which extends from the
base to about the middle of the zone of
Fusulina. Most of the reef limestone lies
within the zone of Triticites, and it is
within this zone that the greatesl number
of spccies are found. The zone of Pseudo-
schwagering embraces the youngest part
of the reef. Fusulinids belonging to this
zone are usually found in the topographi-
cally higher parts of the reef in the south-
weslern part of the atoll.

Table 5 includes only those genera that
have been collected by the persons associ-
aled with this study. Pseudoschwagering
has been reporled from the southwestern
part of the atoll by other workers.

As stated in the discussion of fusulinids
from rocks cxposed in north-central Texas,
the species of Triticites are divided into
species group units rather than species.
Table 6 shows the various species groups
of Triticites that have been found in the
atoll along with the typical species and

Table 5. Known ranges of some fusulinid genera in the Mid-Continent 1egion and north-cential T eras.

CENTRAL MID-CONTINLNT ¥

NORIH-CENTRAL TRAAS

FUSULINID (series) (groups or series)

Fusulinella Atoka (very rare above) “Atoka”

Wedekindellina Lower Des Moines Lower Strawn group

Fusulina Des Moines Strawn group

“Wedekindellina” ultimata  Missouri Basal Canyon group

‘I'riticites Missouri-Wolfcamp Canyon group— Wollcamp series
Waeringella ? Basal Cisco group—Wolfcamp series
Dunbarinella ? Cisco group—Wolfcamp series
Schubertella ? Cisco group—Leonard series
Schwagerina Wolfcamp-Leonard Wolfcamp series—Leonard series
Paraschwagerina Wolfcamp Wolfcamp series

Pseudofusulina ? Wollcamp series—I.eonard(?) serics

# Series names as used by the Stale Geological Survey of Kansas,
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their known stratigraphic ranges, using

the central Texas section as a standard.
{For ranges of the genera of fusulinids,
see Thompson, 1948, p. 22).
Redeposited faunas in the reef are per-
haps the greatest single cause of mistaken
correlations, Erosion of pre-exisling rocks
can release many intact tests. The shape of
the fusulinid test is such that it can be
readily transported by currents and de-
posited in another environment. Another
source of redeposited faunas is in the
calcirudite. Most, if not all, of the non-
bioclastic caleirudite is composed of frag-
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belonging to the Strawn group in north-
central Texas. W edekindellina (Pl. 15,A)
has been found in rocks of early Strawn
age. The most highly developed species of
F'usulina (PL. 15, B—C) collected from reef
cores resemble those from the Capps lime-
slone at the top of the Strawn group in
central Texas.

The base of the Canyon group coincides
in the atoll with the base of the zone of
Triticites. Inasmuch as the zone of Fusu-
lina and the zone of Triticites do not over-
lap, the base of the Canyon in the subsur-
face is laken at a convenient position be-

Table 6. Species groups of Tr1iticites found in the Horseshoe atoll.

Typical species
and stratigraphic

Stratigraphic range

Fusulinid group posilion Foimation Membez or bed
Triticites irregularis T. irregularis s.s. Whitt Brownwood (Palo Pinto)
(Brownwood) Graford Home Creek
Triticites ohioensis T. ohioensis s.s. Graford Adams Branch
(Adams Branch) Brad Placid shale
Triticites secalicus T. secalicus s.s. Caddo Creek Home Creek
(Graham) Graham Gunsight
Triticites ventricosus T. ventricosus s.s. Caddo Creek Home Creek
(Saddle Creek ) Harpersville Saddle Creek
Triticites plummeri T. plummeri s.s. Craham Wayland
(Breckenridge) Thrifty Breckenridge

ments of pre-exisling reef limestone. These
fragments can be carried for great dis-
tances by means of submarine slides
(Newell et al., 1953, pp. 69-77). Hence,
fusulinids of quite different ages can be
mixed in a single piece of core. For ex-
ample, in Humble Oil & Refining Com-
pany’s No. 1 L. R. Spires at 4,461 feet be-
low sea level, the core contains species of
both Fusulina and Triticites. (See P1. 9,
well 172.) The species of Fusulina is very
similar to a form in the Capps limestone;
that of Triticites resembles the forms in
the Palo Pinto limestone. Plate 15, D
through H, illustrates specimens of the
two genera from this core. In other cores,
where the genera are the same, and the
speeies are closely related, the mixing of
faunas may not be as apparent.

Separation of the atoll fusulinids from
the zone of Fusulinag into species groups
was not made because of insulficient com-
paralive material from outerops of rocks

tween the lowest occurrence of Triticites
and the highest occurrence of Fusulina.
“Wedekindellina” ultimata (Pl 15, 1) is
commonly associated with primitive
species of Triticites and is not known to be
associated with Fusulina. Hence, this
species is regarded as an early Canyon
form. The lowest occurrence in the reef
is usually no more than 75 feet above the
highesl occurrence of Fusuling.

Fusulinids from the lower part of the
Canyon group belong to the groups of
T'riticites irregularis and 7T. ohioensis.
Typical fusulinids of this group are illus-
irated on Plaie 16, A-D. In the upper
part of the Canyon, the triticite fauna be-
gins to show resemblances to the groups of
T. secalicus and T. ventricosus, as illus-
trated on Plate 16, E. Surface collections
indicate that this form first appears in the
Ranger or Home Creck limestone.

In the Horseshoe atoll, fusulinids in
rocks of Cisco age differ from those of
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Canyon age in several respects. In rocks
of Cisco age, the veniricose fusulinids be-
come more prominent than in the earlier
rocks of Canyon age. Also, the secalicus-
like forms (which are essentially a very
generalized triticite}) become prominent,
especially in the lower part of the Cisco.
In general, the [usulinids of the Cisco ex-
hibit an increase in size, wall thickness,
diameter of initial chamber (the prolocu-
lus), and degree and complexily of septal
fluting. As a general rule, the more highly
fluted species of Triticites are younger
than the less highly fluted species. The
converse is not necessarily true. A notable
cxception is I osagensis, in the middle
part of the Canyon group. The fluting in
this species is quite highly developed, al-
though it is somewhat irregular. Weakly
fluted species of Triticites, of which T.
cullomensis Dunbar and Condra is a good
example, are common in the lower part
of the Cisco group.

The lowermost rocks of Cisco age in the
atoll are identifiable by the presence of
Waeringella spiveyi. In north-central
Texas this species is known only from the
basal part of the Cisco. Associated with
W. spiveyiin the Horseshoe atol] are early
Cisco species of Triticites. Unfortunately,
W aeringella is present in only a few of
of the wells that penelrate rocks of Cisco
age. A typical specimen of Waeringella
spiveyi Thompson {rom the atoll is illus-
traled on Plate 16, F, and an eccentric
section of Triticites sp., that was associated
with this specimen, is shown on Plate 16,
G. Typical fusulinids of lower Cisco age
are illusirated on Plate 16, H-J. These
specimens resemble species of Triticites
that have been found in the Bunger lime-
stone. The group of Triticites secalicus is
represented by specimens similar to those

fisured on Plate 17, A and B.

The group of T. veniricosus in rocks of
the lower part of the Cisco group re-
sembles the specimens figured on Plate 17,
C-F. These specimens resemble those
found in rocks from the Gunsight lime-
stone and the Wayland shale, which crop
out in ceniral Texas,

The interval between rocks equivalent
10 the Wayland shale and rocks equivalent
to the Chaffin limestone in the Horseshoe
aloll contains few fusulinids. Whether this
is due lo an unfavorable environment or
is a measure of the length of time of the
middle Cisco unconformity is unknown.

Plate 17, G, illustrates a characteristic

species from the atoll that is related to
Triticites pinguis Dunbar and Skinner.
Associaled with this specimen was a single
specimen of Dunbarinelle (Pl. 17, H).
Triticites beedei Dunbar and Condra also
is present in this part of the section (Pl.
17, 1). In north-central Texas, similar
larger, ventricose specics of Triticites are
found in the Chaffin limestone member of
the Thrifty formation,

The Wolfcamp species of T'rizicites (Pl.
18) are mostly ventricose forms that dif-
fer from their predecessors mainly in
being larger, having thicker walls, pos-
sessing larger proloculi, and in having a
more coarsely alveolar wall. The degree
of septal fluling does not change appreci-
ably from the forms in the rocks of Cisco
age. It is in the lower Wolfcamp that the
true Triticites veniricosus (Meek and Hay-
den) is found. Other species of Triticites
present in rocks of Wolfcamp age in the
atoll and elsewhere possess characteristics
that suggest Schwagering, and it may be
thal some of these species represent tran-
silional forms between Triticites and
Schwagerina. Two specimens approaching
the rue Triticites ventricosus are illus-
trated on Plate 18, A and B. Plate 18, C,
illustrales a specimen of Pseudofusuling,
a lypically Wolfcamp genus, which super-
ficially resembles Schwagerina. The cho-
mata are weakly and unevenly developed
beyond the third whorl. This type of

chomata is suggestive of Schwagerina.

However, true Schwagering, as defined by
Dunbar and Skinner (1937, pp. 624-627),
does not possess chomata beyond the
initial volutions. The septal [luting in the
illustraied specimen is of a type commeonly
[ound in primitive species of Schwagerina.
Plate 18, D, represenls a triticite, al-
though the {luting—especially in the ear-



48 Bureau of Economic Geology, The University of Texas

lier stages—is schwagerinid. Another
triticile that exhibits schwagerinid charac-
teristics is T'riticites koschmanni Skinner.
This species was reported by Heck, Yenne,
and HenbeslL (1952a) {from the Scurry
County parl of the Horseshoe atoll.

Heck, Yenne, and Henbest (1952a, Pl.
1, 1-11) illusirated a number of fusulinids
of Wolfcamp age from the Scurry reef.
The fauna reported from the Wilshire Oil
Company’s No. 8 Lunsford well is listed
below with the depths from which the
specimens were oblained:

Feer
“Schwagerina” compacta 1 6,804
Triticites koschmanni §
Schwagerina ? sp. 6,813
Triticites pinguis ?
Triticites pinguis ?
Schwagerina longissimoidea
Schwagerina sp. 6,817
Triticites ventricosus
Triticites sp.
Triticites pinguis ? 6,826
Triticites pinguis ? 6,830
Triticites pinguis ? 6,834
Triticites aff. T. ventricosus 6,875
Triticites sp. (Canyon form) 6,877

The Triticites sp. Canyon forms re-
ported by Ieck, Yenne, and Henbest
(19522, fig. 5), in apparent association
with Cisco fusulinids, represent a rede-
posiled fauna. Veniricosc Triticites of
Cisco age have been found in underlying
samples of this core. The authors state

(p. 10):

Later work by geologists of the U. S. Geological
Survey on other cores of the Scurry reef indi-
cales that veef r1ock of Cisco age is widespread
and relatively thick. These Cisco rocks are com-
monly calcirudites containing much Canyon
debris with abundant fusulinids. Also scattered
throughout are the raier, more ventricose fusu-
linids of Cisco age. Becanse of their abundance
{usulinids of Canyon age are more commonly re-
covered from these 1ocks than those of Cisco
age, and consequently these 1ocks weie at first
helieved to be of Canyon age. This situation may
apply to the section below 6,875 feet in the No.
8 Lunsford well. The fusulinids immediately
below 6,875 feet are of Canyon age but at 6,916
feet are ventricose forms that may be of Cisco
age. Accordingly, although it was originally
thought that rocks of Cisco age were absent or

very thin in the No. 8 Lunsford well, on the basis
of more detailed work on these cores, it is more
probable that these rocks are of considerable
thickness and contain abundant debris of Canyon
age. In any case, at least part of the reef is of
Wolfeamp age, and all the overlying black shalcs
must he Wolfcanip, Because interfingering or-
ganic limestones and shales are relatively rare
along the fringes of the reef, it is probable that
the shales of Wolfcamp age extend a considerable
distance down the flanks of the reel.

Masses of reef-type limestone in the

southwestern part of the atoll contain
specimens of Paraschwagering sp. (P1. 18,
E-G), which resemble a form found in
the Coleman Junction limestone,

EcoLocy

Some information concerning the eco-
logic conditions that existed during the
time of {formation of the reef is obtainable
from the fauna. The entire assemblage
indicates that the walers were marine and
were probably of normal or near normal
salinity. Apparently, there was little tur-
bidity during periods of maximum reef
development. Attached forms, such as
bryozoans, and bottom-dwelling forms,
such as the productids, apparently require
clear waters in order to thrive. Appre-
ciable amounts of silt in the water would
inhibit living processes and kill these
organisms. The absence of such forms in
the claystone corroborates this inlerpre-
tation. Preservation of fragile forms, such
as fenestellid Bryozoa and productid
brachiopods with their attached spines,
indicates either periods of quiescence or
prolected areas,

The environment of shale deposition
appears 1o have been toxic to most forms.
The fauna is limited to scattered crinoid
columnals, discinid brachiopods, rare
ammonoids, fish scales, and, in the thin
shale partings, fusulinids. Preservation of
the fusulinids in the shale partings is gen-
evally poor. They are usually crushed to-
gether and walls are broken. In most speci-
mens the outer whorls have been eroded
apparently by solution. It is believed that
{usulinids when found in the shale in ap-
preciable numbers represent a post-mortem
assemblage or thanatocoenose (Krumbein
and Sloss, 1953, p. 228).
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Broken and abraded specimens of mega-
fossils are commonly associaled with the
calcirudites., This type of preservation is
due to formation of breccias under tur-
bulent conditions of sedimenlation. The
reef breccias were probably formed under
one or more of the following three con-
ditions: subaerial erosion, submarine
slides, or submarine erosion by wave
action and currents. Any of these three
conditions could easily produce broken
and abraded specimens. The presence of
reworked faunas, which is discussed in
greater detail in the section on Fusu-
linidae, may also be atiributed to these
conditions.

The shale lenses (which mark uncon-

formities) associated with many of the
reef breccias represent encroachments of
mud which repeatedly killed off many of
the reef organisms.

Newell et al. (1953, pp. 12-14) have
pointed out the many instances of reef
growth in areas which had poorly circulat-
ing sea water and suggested that upwelling
of these nuirient-rich waters in the reef
area contributed food to the organisms
that grew on the reef. The Horseshoe atoll
apparently had a similar environment as
shown by the black shales at its base. If
this is a prerequisite of reef growth, then
the structural control of the semiclosed
basin is important to the growth of the
reef.



STRUCTURAL GEOLOGY

Interpretations of the geologic struc-
tures in the northern part of the Midland
basin are complicated by the presence of
the Horseshoe atoll and other reeflike
masses of carbonate rocks of post-Strawn
age. Some of these carbonate masses have

hundreds to thousands of feet of relief re-
sulting from nontectonic processes; conse-
gquently contours drawn on the Pennsyl-
vanian or Permian rocks containing these
masses reveal little about the structure of
the rocks that results solely from tectonic
movements. Many structures in the
younger rocks are a result of differential
compaction of the sediments overlying the
reeflike masses; consequently, contours
drawn on these rocks do not clearly reveal
the structure resulting only from tecton-
ism. Contours drawn on older rocks, such
as those on top of the rocks of Atoka age
(P1. 7), are generally difficult to interpret
owing to the paucity of bore holes pene-
trating these rocks. These factors make it
possible to describe and interpret only the
larger regional structures in the area of
the Horseshoe atoll.

STRUCTURE OF PENNSYLVANIAN
AND WoLFcaMpr RocCKs

Structure of rocks of Atoka age.—Be-
cause ol their great depth, rocks of Aloka
age or older are not commonly penetrated
by the drill in the northern part of the
Midland basin and lherefore control is
usnally inadequate for satisfactory con-
touring. For this reason the contours
shown on Plate 7 ave limited to the eastern
half of the atoll area, which contains the
most control. Several contour interpreta-
tions are possible in this mapped area.
With the limitations of the control in
mind, the most generalized interpretation
was selected.

The contours on top of the rocks of
Atoka age on Plate 7 reveal a regional dip
to the west in northern Garza County and
southern Crosby County; this regional dip

swings to the southwest through Borden
and Howard counties. In western Garza
County the dip to the west is about 20 feet
to the mile, whereas in northwestern Bor-
den County the southwestern dip is as
great as 200 feet to the mile.

Studies of rocks of Atoka age in the
northern part of the Midland basin indi-
cate that in addition to the regional dip to
the west and southwest two major regional
structural features are present. One is a
doubly plunging syncline curving around
the western and southern sides of the atoll.
The other is a plunging anticline trend-
ing mnortheast. Superimposed on these
broader regional structures are minor
folds and plications whose structural re-
lief progressively increases weslward to-
ward the Central Basin Platform. These
smaller structures have a regional “grain”
trending northeast, which contrasts with
the northwest trend of most of the struc-
tural features of western Texas but which
is accordant with the trend of the folds in
the Marathon vegion to the south of the
Midland basin.

The older (pre-Pennsylvanian) rocks
appear to be folded though very mod-
erately so. The younger (Pennsylvanian
and Wolfcamp) rocks appear to be folded
also, but the magnitude of the folds ap-
parently decreases upward.

Structure of rocks of post-Atoka age—
Southwestward tilting during the growth
of the Horseshoe atoll is suggested by a
general thickening of the sequence of reef
and associated rocks in that direction.
Evidence is lacking for tectonic structure
within the reef rocks of the Horseshoe
aloll.

The structure contours on the base of
the Dean siltstone (Pl. 6) overlying the
Horseshoe atoll appear to refllect dif-
{erential compaction over the atoll and
other reeflike masses, plus regional tilting
that occurred after the Dean silistone was
deposited. The relatively steep dips shown
at the margin of the siltstone are largely



Late Paleozoic Horseshoe Atoll, West Texas 51

due to the abrupt thickening of limestone
of Wolfcamp age, which immediately
underlies the Dean in most of the area.
This limestone apparently passes from a
biostromal phase to a biohermal phase at
the margins of the Dean siltstone.

The structure contours on the top of the
Coleman Junction limestone (Pl. 6) show
the effects of differential compaction and
regional tilting in the easternmost part of
the mapped area. The effects of differcntial
compaclion appear to be more subdued on
the top of the Coleman Junction than on
the base of the Dean siltstone, even though
the latter is a stratigraphically higher
horizon. This is primarily due to the west-
ward thinning of the Wolfcamp “black
shale” wunit. In southwestern Scurry
County, the Coleman Junction dips rela-
tively steeply in a westerly direction, and
there the effects of compaction are sub-
ordinated to the effects of initial dip and
westward tilting.

STRUCTURAL CONTROL OF THE
HoRSESHOE ATOLL

The most prominent structural feature
which may have influenced the position of
the Horseshoe atoll is the curvilinear
doubly plunging syncline in the platform
on which the atoll accumulated. This struc-
tural feature may have determined the
position of the southwestern and western
sides of the atoll. The atoll nowhere
crosses this syncline but stays high on its
northern and eastern flanks as far east
as the Central Vealmoor oil field. North-
castward, the atoll crosses obliquely the
plunging anticline that lies within the arc
of the syncline but is so broad that it re-
semhles a tilled structural plateau. Lo-
cation of the eastern part of the atoll was
not controlled by an obvious structural
feature in the platform underlying the
atoll.



ORIGIN OF THE HORSESHOE ATOLL

ArrLICABILITY OF REEF DEFINITION
70 THE HORSESHOE ATOLL

The relationships of the different types
of rocks in the Horseshoe atoll are unlike
those of any reef described in the litera-
ture. In areas that would commonly be
considered to be reef core, calcirudiie is
found. In the near back-reef area, the only
dislinguishing characteristic of the reef
rocks seems to be that the crinoid co-
lumnals are smaller than those in the reef
core. The slopes on the flanks of the Horse-
shoe atoll are generally low compared to
such reefs as Lhe Capilan reef of Texas and
New Mexico or the Quaternary reefs in the
Pacific. Dips on the rcef flank are ordi-
narily of the magnitude of 4° to 6°, al-
though in one area in Scurry County a dip
of at least 33° is known. These low slopes
and the presence of calcirudite in what
would normally be considered reef core,
as well as the absence of conclusive evi-
dence that {rame-building organisms
formed an important part of the biota, give
rise to the question of whether this struc-
ture can be termed an organic reef or an
organic bank.

Lowenstam (1950, p. 433) defines a
reef as follows: “. . . a reef, in terms of
ecologic principles, is the product of the
actively building and sediment-binding
biotic constituents which, because of their
potential wave resistance, have the abilily
to erecl rigid, wave-resislanl topographic
structures.”

The same factors necessary for a reef
are also necessary for a recl-complex such
as the Horseshoe atoll. The sediment-re-
tention and binding constituents and
frame-building organisms of the biota may
have been algae. As discussed in the sec-
tion on paleontology, few rccognizable
traces of algae were found in the Horse-
shoe atoll. The lack of widespread evi-
dence of algac, however, may be only a
result of their poor preservation in the
reef rocks.

The contour maps (Pls. 4 and 8) show
that the Horseshoe atoll was a prominent
topographic structure, its crest at times
being as much as 2,000 feet above the sur-
rounding sea floor.

Thick masses of calcirudite on the sea-
ward or convex side of the atoll (as found
in wells 105, 180, 185, 186, 187, and 188,
Pl. 9), composed of fragments of pre-
existing rock, indicate that the reef-com-
plex was subjected to fragmentation by a
violent erosional agent, Inasmuch as the
atoll accumulated in a marine environ-
ment, it seems most logical to attribute
this fragmentation to the action of strong
waves, and it seems probable, therefore,
that the aloll was a wave-resistant struc-
lure.

MacNeil (1954a, p. 389) has defined

an organic reef as:

. a rigid structure-—composed of the cal-
careous skeletons of: (1) colonial and commensal
animals or plants, whether algae, corals, stroma-
toporids, mollusks, bryozoa, or others, inter-
locked or cemented together by growth; (2) all
detrital materials derived from the breaking up
of the colonial organisms (which might be un-
consolidated when deposited but which may be-
come indurated later) ; and (3) the remains of
organisms which normally live in, on, or near the
oreganic lattice, such as foraminifers, crabs,
echinoids, and other forms, which are added
either to it or to the detrital deposits—which
grows independently of and builds np at a rate
greater than all surrounding types of sediments
(except where becoming part of the reef hody),
and maintains its upper growing or depositional
surface at or near the level of the sca (some parts
of which may be exposed at low tide). During
periods of emergence the upper surlace of a reef
may become a surface of planation due to solu-
tion and erosion. A surface of planation may re-
sult without emergence where storm-cast detritus
has become cemented to the rcef and has been
eroded subsequently. An organic reef may thus
consist of a biocherm alone, or of a bioherm and
detrital materials deiived {rom it and other or-
ganic remains normally brought to it, which
together, by growth and accumulation, and
without other outside assistance, maintain a
prominence close to sca level. A living reef may,
therefore, extend upwards far above the level of
contemporaneous surrounding sediments, and a
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reef in the geologic column may have great verti-
cal dimensions compared with surrounding sedi-
ments and be separated from them by nearly
vertical or greater than vertical boundaries.
Detrital materials derived from the biotic com-
munity, which do not contribute to the building
of the near sea level component, such as those
settling in the lagoon or on the steep submarine
slope, though not res! in the navigator’s sense,
are nevertheless an important part of the reef
structure, and n a buried reef would be more
related in composition, texture, porosity, and
genl:sis to the rcef than to any surrounding
rock.

Stafford (in press (a)), following Mac-
Neil’s definition, argues that the Horse-
shoe atoll was most likely a reef. As evi-
dence, hc cites the large masses of cal-
cirudile (reef breccia) on the flanks of the
atoll, atiributing them to wave action and
pointing out that the atoll must have pos-
sessed a rigid framework or it could not
have been broken into the rock fragments
that are included in the calcirudite. He
notes that the Horseshoe atoll conforms to
MacNeil’s definition of an organic reef in
containing the remains of commensal ani-
mals and plants—crinoids, bryozoans,
corals, brachiopods, mollusks, and pos-
sibly algae, although none of these re-
mains werc observed inlerlocked and
cemented together in a growth lattice. An-
other conslituent of an organic reef, as de-
fined by MacNeil, is detrital material de-
rived {rom organisms; as noled pre-
viously, fragments of the hard parts of
organisms comprise mwosl of the lime-
stones of the atoll, A third constituent of
an organic reef according to MacNetl, the
remains of organisms which normally live
in, on, or near the organic lattice, is rep-
resented in lhe atoll by fusulinids and
other Foraminifera.

Stafford notes that evidence for a lattice
ot rigid {ramework is lacking in the Horse-
shoe atoll, However, citing MacNeil
(1954a), Ladd (1950), and Fairbridge
(1950}, he has arrived at the conclusion
that although a rigid framework is es-
sential around the periphery of a reef,
quantitatively it may he unimportant. He
concludes that an organic lattice was prob-
ably present and that it may have been

destroyed by repeated changes of sea level

accompanied by wave altack on successive
levels of the atoll. He discounts the theory
that the Horseshoe atoll was an organic
bank because numerous changes of sea
level, postulated in his own and Burnside’s
reports (in press), would repeatedly de-
slroy the living structure, leaving only a
fossi] structure having little or no organic
latlice.

Burnside (in press) is uncertain
whether the Horseshoe atoll is a true reef
or a “shell bank.” Ile notes the lack of
organisms which seem capable of erecting
a framework or binding sediment. He be-
lieves, however, that algae may have
played an important role in sediment re-
tenlion. He notes that backreef-type sedi-
ments, such as those found in the Horse-
shoe atoll, are considered by MacNeil
(1954a) to indicate the former existence
of reef core. He believes, however, that
other ecologic conditions may produce
backreef-type sedimentation. He prefers
to consider the possibility that the atoll
represents an exlremely large “shell
bank.”

There are several anomalous relation-
ships in ihe Horseshoe atoll that must be
considered in classifying the feature as a
recf or bank and in a discussion of its
geologic hislory. These are listed helow.

1. Apparently aulochthonous reef limestone
deposited at elevations too low (with reference to
topographically higher and older reef rocks) to
be within the biotic zone of reel growth.

2. An extraordinarily high percentage of clas-
tic limestone.

3. Tacies distribution involving calcirudite of
detrital origin in positions which would normally
be considered to be within the reef core.

4. Calcirudite in which the contacts between
{ragments show solution to have been active after
deposition.

5. Dips on the flanks of the atoll which are
much lower than the normal steep dips found on
both recent and fossit reefs,

6. Recf-top hills, which resemble youthful
limestone islands, having hundreds of feet of
relief.

7. Limcstone debris, apparently derived from
the atoll, spread laterally for tens of miles from
the crest of the reef.

8. Mixed fusulinid faunas which indicate re-

working of the sediments.
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ENVIRONMENTAL INFLUENCES ON THE
GrowTH oF THE ATOLL

_ Platform underlying the atoll—The
term “platform” is a misnomer when ap-
plied to the base on which the atoll rests.
It is firmly entrenched in reef literature,
however, and as used in this paper refers
to the lower biostromal limestone of
Strawn age and included shales.

The biostromal limestone is present
throughout most of the Midland basin and
the area eastward to the Pennsylvanian
oulcrop in north-central Texas, Every reef
and reeflike mass of limestone of Strawn
age in this area has its base on the bio-
stromal limestone. These reefs, including
the Horseshoe atoll, grade downward from
a biohermal facies into the biostromal
limestone.

The Horseshoe atoll grew in a subsiding
basin and on a platform that was being
very moderately flexed and folded. During
subsidence, which did not proceed at a
uniform rate throughout the basin, parts
of the atoll were being locally uplifted
over rising anticlines, The rise of these
anticlines was nowhere greater than the
general subsidence rate. This produced a
net thickening of the reef throughout the
atoll area.

Cloud (1952) believes that the cal-
carcous algae as reef builders are indic-
ative of shallow water. He comments (p.
2134) that, “. . . they strongly indicate
depths of less than 50 [athoms, very prob-
ably less than 25 fathoms, and ordinarily
less than 15 fathoms.” Reefs whose frame-
work builders are solely algae probably
indicate depths somewhat less than
Cloud’s minimum figure. Considering
these figures and the wide distribution of
reefs in the Midland basin which had their
inception during early Strawn time, if it
is assumed that algae may have been im-
portant in the growth of these reefs, it
would seem that the topography of the sea
bottom in the Midland basin at the time
of the inception of reef growth was nearly
flat. The regional slope was probably
toward the southwest.

Remnants of the biostromal limestone
are reported to be present in the synclines
of the Cenlral Basin Platform. This prob-
ably indicates that this platform had not
become strongly positive until afier the
deposition of the biostromal limestone.

Relation of the atoll to regional sedi-
meniation.—The Plainview basin, the
Delaware basin, and an unnamed basin
immedialely east of the Midland basin ap-
pear to have been between the Midland
basin (fig. 1) and the major source areas
of clastics during middle and laie Pennsyl-
vanian time, Structural “highs” such as
the Matador arch and Central Basin Plat-
form, as well as the reeflike carbonate
barrier along the eastern side of the Mid-
land basin, may have acted as partial bar-
riers to lhe influx of sediments into the
Midland basin from surrounding source
areas. A small amount of clastic sediment
was probably derived directly from these
barriers, but large quantities of clastics
seem to have been kept out of the Midland
basin during Pennsylvanian time while
the Horseshoe atoll grew.

The cyclical deposition characteristic of
the Pennsylvanian and early Permian east
of the Cordilleran geosyncline has heen
described by many writers. Wanless
{(1950) and others (Wanless and Shepard,
1936; Wanless and Patterson, 1951) have
interpreted these cycles as being due 1o
eustalic changes of sea level. Rocks of
Pennsylvanian and Wolfcamp ages in
north-central Texas exhibit cyclic dep-
osition {Lee, Nickell, Williams, and Hen-
best, 1938) . However, these workers state
{p. 86) thal the orderly sequence of beds
in cyclothems of the interior basins was
not recognized in north-central Texas.
They believe the fluctuations of sea level to
have been too vielent and too frequent and
sedimentation 100 erratic to leave a record
of rhythmic deposition.

Tt seems very likely that any cyclical
changes in depositional environment that
affected the Midcontinent region generally
would also affect the growth of the Hoxse-
shoe atoll in the Midland basin. If these

cyclical changes were related lo changes



Late Paleozoic Horseshoe Atoll, West Texas 55

in sea level, as some have suggested, then
the growth of the atoll was governed by
the principle that a well-developed and
actively growing reef in a subsiding basin
will maintain its top at or very near sea
level (Cloud, 1952). If these cyclical
changes, however, were related to periodic
regional changes in climate or in relations
of depositional areas and sediment source
areas, then the growth of the atoll may
have been governed by the turbidity of
the water and fluctuations in current trends
or velocities.

Correlation may be possible between
the thin shales which mark the erosion
intervals in the atoll and the major chan-
nel-filling deposits in the outcrop section
in north-central Texas. However, any such
correlation must wait until more delailed
work has been done in both the subsurface
and on the surface.

Environments in the atoll area—The
shape of atolls seems to be directly related
to the direction of the prevailing winds
and currents. Closed atolls are found in
areas which have variable wind and cur-
rent directions over a part of the year; e.g.,
atolls in the Central Pacific. Horseshoe-
shaped atolls are found in areas where
wind and current have a fairly constant
direction over the whole year (Kuenen,
1950, p. 440). Krempf (1927, 1930) has
also drawn attention lo double, opposed
horseshoe shapes that exist off Indo-China,
where there is a 6-month northeast mon-
soon and a 6-month southwest monsoon.
This relationship of shape to prevailing
winds and currents sirongly suggesls that
the most common direction of winds and
currents in the Horseshoe atoll area may
have been {from the south or possibly
slightly west of south.

The small amount of shale which seems
lo be contemporaneous with the growth of

the Horseshoe atoll is bituminous, dark-
gray to black clay shale. Rocks of this
type are usually formed in euxine basins
which have poorly circulating waters. The
presence of reef rocks in a basin of this
lype indicates that the environment of

carbonate accumulation and the euxine

environmenl were closely associated but
sharply separated.

Similar relalionships of rcef growth as-
sociated with euxine environments are
known from several areas. Newell et al.
(1953, p. 12-14) give an excellent dis-
cussion of these relationships from the
Upper Triassic of the Tyrol, the Permian
of East Greenland, the Mississippian of
northern England, and the Guadalupian of
the Delawarc basin in western Texas. They
suggest that the unventilated bottoms of
these areas provided “an unusually rich
source of upwelling nutrient salts for
lime-secreting reef plants.” The reefs of
Pennsylvanian and Wolfcamp age in the
Midland basin and the carbonate reeflike
accumulations of late Wolfcamp and
Leonard age in the same area appear to be
examples of similar relationships.

The apparent primary structures in the
shales and sandstones which are older than
the Dean siltstone and younger than the
atoll resemble marine top-set and fore-
set beds in the eastern half of the area.
These dark marine shales and sandstones
grade, in part, inlo red shales in Dickens
and Motley counties to the northeast. Con-
temporaneous red shales are also found in
the outcrop area in north-central Texas, A
southwestward-transgressing delta deposit-
ed in a euxine environment is a logical in-
terpretation for these sedimentary rocks.
This interpretation is corroborated by (1)
the thickening of rocks to the northeast
and cast, (2) the lateral gradation into
small amounts of red shales, (3) the in-
crease in the amount and coarseness of
sandstone, and (4) the presence of a con-
glomerate in Dickens County which may
have been deposited in a channel. It ap-
pears that these deltalike deposits progres-
sively smothered reel growth toward the

west and southwest during Wolfcamp time.

TaEORIES OF ATOLL ORIGIN AND
THEIR APPLICATION TO TIIE
HorsesHoE ATOLL

The problem of the origin of atolls has
been one of investigation and speculation
for more than 100 years. The literature
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pertaining to the subject is voluminous.
Space will allow only a short resumé of the
more generally accepted theorics and a
comparison of the Horseshoe atoll with
criteria suggested by these theories.

Darwin’s Subsidence theory—Charles
Darwin (1837, 1840) classified reefs into
three types—iringing reels, barrier reefs,
and atolls. He considered the three types
intergradational and believed that {ringing
reefs became barrier reefs by the subsid-
ence of the adjacent land area and by the
upward growth of the reef itself, more or
less in situ, keeping pace with subsidence.
Where the land mass was an island, sub-
sidence might continue until the original
island had disappeared beneath the sea
and the engirdling reef remained as an
atoll.

J. D. Dana (1949, pp. 379-392) added
an important corollary to Darwin’s theory
when he noted that many “almost-atolls”*
were embayed and these embayments re-
sembled drowned stream valleys.

Darwin’s theory would require that the
lagoonal arca of the Horseshoe atoll be a
land mass at the inception of reel growth
and gradually sink beneath the sea with
the general subsidence of the Midland
basin. If this were true, the biostromal
(*Caddo™) limestone should have under-
gone considerably more erosion in the la-
goonal area than clsewhere, and either a
large dome in the lagoonal area or a north-
trending nose plunging to the south should
have Deen present. Neither of these rela-
tionships has been obscrved. The biostro-
mal limestone is everywhere present and of
normal thickness. A regional nose is pres-
ent which probably controlled the position
of the western and southern sides of the
aloll, but the eastern side of the aloll lies
across the trend and plunge of the nose.
There is no evidence thal the nose was
subjected to crosion in the lagoon. It could
not, therefore, have been a land mass. Sub-
sidence certainly occurred during the
growth of the Horseshoe atoll, but there
does not seem to be any evidence of pro-

t A reef with the configuzation of an atoll but contaming a
1elatively small island of nonreef origin in its lagoon.

gressive growth [rom [ringing reef, to bar-
rier reef, to atoll.

The Solution theory——Rein (1870),
Semper (1863), and Murray (1880) be-
lieved that lagoons are excavated by solu-
tion of the limestone in sea water. Most
geologisls now agree Llhat lagoons are actu-
ally the sites of deposiltion. Though some
solution certainly occurred during the in-
tervals of lowered sea level, the writers can
find no evidence that the magnilude of this
solution was sufficiently great to have dis-
solved the great mass of limestone which
would have occupied the entire lagoon
area.

Recently, F. Stearns MacNeil (1954b)
revived the Solution theory and combined
it with Daly’s Glacial Control theory. Mac-
Neil postulated that the platforms on which
atolls now grow owe their shapes to solu-
tion of the central lagoon during the gla-
cial maxia (low sea level) of the Pleisto-
cene. The solution was accomplished by
meteoric water rather than by sea water.
The objections Lo MacNeil’s Solution the-
ory are the same as those to the older
Solution theory insofar as the Horseshoe
atoll is concerned.

The Glacial Control theory—R. A. Daly
{1910, 1915, 1934), in his Glacial Con-
trol theory, took cognizance of the vast
amounts of water in the continental ice
sheets of the Pleistocene epoch. He felt that
the water which was withdrawn from the
oceans would cause sea level to be lowered
30 or 40 fathoms, and that this change of
sca level would have drastic effects on the
platforms upon which the atolls grew. Daly
postulated that there were no atolls prior
to the inilial lowering of sea level. He con-
sidered that the lowering of sea level was
accompanied by a chilling of the tropic
seas. Reels that were present were killed
by chilling and by increased turbidily in
the seas due to the vast amount of mud
churned up by the waves. This mud was
formerly beneath wave base.

Daly further postulated that during the
interval in which the sea was at ils lower
level, platforms which had formerly been
islands or seamounls were attacked by
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waves, beveled to a uniform level, and
“cleansed” in preparation {or the return
of the original sea level. The returning or-
ganisms, according to Daly, found condi-
tions most hospitable at the peripheries of
the platforms and accumulated there to
their present elevation. Daly studied many
charls of the world’s atolls and found that
there was a remarkable uniformily of
depth of the lagoons, normally varying be-
tween 30 and 40 fathoms in their deepest
parts, More recent and more accurale
bathymetric charts indicate little such uni-
formity of depth is actually present, He
considered this uniformity of depth to be
evidence of the uniform planation of the
platforms.

Daly’s Glacial Control theory is cer-
tainly appealing when the postulated eu-
static shifts of sea level are considered,
but this theory deals primarily with the
bases on which atolls grow; more espe-
cially the Pacific atolls. Moreover, Daly
did not consider subsidence to have been
important in the growth of alolls, attribut-
ing their thickness to the difference be-
tween low and high sea levels.

Inasmuch as there does not appear to
have been any prereef beveling, the Glacial
Control theory does not appear to apply to
the Horseshoe atoll. It is worth remarking,
however, that if the Pennsylvanian and
early Permian were times of eustatic shifts
of sea level, the development of the Horse-
shoe atoll paralleled the development of
atolls during the changes of sea level in
Pleistocene time.

Davis’ Torrid Relt theory—W . M. Davis
(1928), after extensive studies of the reefs
and geomorphology of the islands of the
Pacific, reemphasized Dana’s observation
that the encircled islands of the “almost-

atoll” and barrier reefs in an equatorial
belt are deeply embayed and thal these em-
bayments resemble drowned stream val-
leys. He also pointed out that they do not
possess the steep sea cliffs which Daly’s
Glacial Control theory would imply. On
the other hand, belts of similar islands,
both north and south of the central] “torrid

belt,” possess steeply plunging sea cliffs.

Davis supported Darwin’s Subsidence the-
ory and restricted Daly’s chilling effect of
the Pleistocene glaciers to the marginal
belts of islands possessing steep sea cliffs.
He denied the existence of uniformity in
lagoon depth, pointing out several lagoons
at variance with the limits sct by Daly, In
general, Davis granted glacial control for
the marginal bells but not for the inner
bell.

Davis’ contribution concerning the cli-
matology and consequent restriction of
reefs 10 a central torrid belt during the
Pleistocene may possibly have application
to the Horseshoe atoll.

The Rising Foundation theory—Sem-
per (1863) and Guppy (1884) have pro-
posed that atolls instead of growing on
subsiding foundations actually grew on ris-
ing ones. They poinled out several elevated
atolls and reefls as evidence. The Rising
Foundation theory, however, has not been
generally accepted. Unless one considers
that the eustatic shifts of sea level were
actually effects of local tectonism, it does
not seem to apply here.

The Antecedent - Platform theory.—
Vaughan (1916) and Hoflmeister and
Ladd (1935 and 1944) supported an Ante-
cedent-Platform theory. They postulated
that atolls grew atop teclonically station-
ary platforms that were [ormerly flat.
Their theory requires no particular method
(erosion or deposition would serve) to
achieve the flatness. It was considered that
any platform in less than 30 fathoms of
water would serve as a foundation on
which the reefs could grow. Hoffmeister
and Ladd (1944) believed that an ecologic
explanation would be necessary to account
for the annular shape of the atolls. Ladd
(Ladd et al., 1953), alter examining the
cores {rom KEniwetok atoll bore holes,
agreed that great subsidence must have
taken place.

The Antecedent-Platform theory prob-
ably best describes the foundation on
which the Horseshoe atoll grew, but the in-
sistence that no subsidence could take
place during the growth of the reef makes
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it inapplicable to the Horseshoe atoll. Hofl-
meister and Ladd’s (1944) observalion
thal the annular shape of atolls is probably
due to an ecologic explanation scems to
best fit the relationships found in this
study of the Horseshoe atoll.

The Winds and Currents theory—Faix-
bridge (1950, pp. 356-361) discussed a
Winds and Currents theory to account for
the shape of the atolls. He considered thal
reefs which initially grew transverse to the
prevailing winds and currents would de-
velop “horns” of detrital calcarenite at
each end which would point leeward. When

PREVAILING WINDS _
AND CURRENTS =

cause the current to be refracted inward
upon the leeward area in the same manner
that the waves are relracted. This current
refraction brings fresh sea water and food
to the sessile reef organisms. Without this
relraction the water in the lee of the patch
reef would be relatively stationary and the
food supply much diminished. This would
most likely produce an environment much
like that of a lagoon where reels are some-
what suppressed. Current refraction is
therefore necessary for strong reel growth
in those areas not directly in the path of
the current.

\\\\\:

Fi¢. 8. Successive stages of atoll development according to the Winds and Currents theory of Fair-

bridge.

enough calcarenite had accumulated to
make the water sufficiently shallow, reef
organisms would colonize the seaward side.
This process would be repeated again and
again until a horseshoe shape is achieved
(fig. 8). Several living reels were illus-
trated by Fairbridge (1950, p. 358) as
examples of various stages of development
of this process.

Fairbridge’s Winds and Currents theory
partly explains the shape of the reefs out-
side the oceanic areas and may explain the
shape of the Horseshoe atoll. The Pacific
atolls may inherit part of their shape from
the platforms or guyots(?) (Emery, 1948;
Ladd et al., 1950) upon which they grew,
but in areas such as the continental shelf
of Australia and the Midland basin the
pre-existing shape of the foundation does
not seem to be related to the configuration
of the atolls.

An additional observation may be added
to Fairbridge’s theory. It is that the para-
sitic drag on the current caused by the
initial patch reef and later reef stages will

It is considered that the shape of the
Horseshoe atoll resulted from conditions
similar to those prescribed by the Winds
and Currents theory. The Horseshoe atoll
was maintained over a relatively long in-
terval of geologic time by subsidence in a
stable environment. There were, however,
several interruptions which may have been
due to custalic changes of sea level.

HyproTHESES OF GROWTH OF THE
HorsEsHOE ATOLL

The primary problems of reef growth
in the Horseshoe atoll are related to un-
conformities within the body of the reef.
These unconformities have several hun-
dred feet of relief. The physical evidence
presented by the rocks suggests that sub-
aerial erosion and solution may account
for the relief.

Inasmuch as living reels maintain their
tops near sea level, two possibilities are
suggested to account for lowering of the
sea with reference to the reef top. The first
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is tectonic uplift; the second is eustatic
lowering of sea level.

The first possibility would require an
uplift of several hundred feet at each of
the unconformities. It would require sub-
sequent subsidence until several hundred
feet of reef rock had accumulated. There
seems Lo be no direct way of showing that
this first possibility is less likely than the
second.

The second possibility is that the reef
grew in a subsiding basin. Eustatic shifts
of sea level are called upon to produce the
unconformities found in the rocks of the
atoll.

Lowering of sea level in a reef area
would produce islands. The area and relief
of these islands would be proportional to
the original area of the reef, the amount

caused by the two types of reef planation.
1f sea level were restored before planation
was complete, such fringing reefs as may
have been growing during the time of
lowered sea level would advance up the
flanks of the islands with the rise of sea
level and eventually become the new reef.

During the time of lowering of sea level
and the lime during which the sea level
is at the lower level (and also during the
rise of sea level), large amounts of clastic
malerial derived from erosion of the reef
would be deposited on wave-cut benches
and on the flanks of the reef, The resulting
complex facies distribution would be
preserved when the sea level rose again,
permitting the younger reef to cover the
older detritus. The abnormal ahundance
of detritus would reduce the normally

l Subsidence beiween sea levels | and 3

Seo level 3

Sea fevel |

—— Sea level 2
Reef

(Second cycle)

Reef detritus
(Second cycle)

[T

Detritus
due to plonation

Reef detritus
(First cycle)

Sea fleve! 3
Sea level |

Sea level 2

eef
(First cycle)

B. Incomplete planation of reef leaving residual "highs"

Fic. 9. Diagrammatic cross sections illustrating complex facies distribution and stratigiaphic rela-

tionships due to the lowering of sea level.

that sea level is lowered, and the relief of
the reef ahove the bottom. During the time

of lowered sea level the islands would be
attacked by the waves; wave-cut benches
and many surface features such as stream
valleys and sink holes resulting from sub-
aerial erosion would be formed. If sea
level is not restored, the agencies of
erosion would eventually plane the islands
to wave-base level. Figure 9 illustrates

the complex stratigraphic relationships

steep reef slopes to gentler slopes like
those found on the flanks of the Horseshoe

atoll. This detritus would contain a fauna
older than the sea in which it was de-
posited, with consequent mixing of faunas
of two different ages.

Two hypotheses may be advanced to
relate the growth of the Horseshoe atoll
to the probable changes in sea level in the
Midland basin. The first hypothesis postu-

lates normal reef growth with several
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lowerings of sea level to account for the
reworked faunas and abundance of clastic
limestone. This hypothesis requires that
sea level be lowered only after sulliciently
rapid subsidence of the basin to cause the
reef to restrict itsel[ lo small areas of
growth (the hills in the Good, East Veal-
moor, and Reinecke fields). These areas
were then exposed to erosion for a very
shorl interval prior 1o the return of the
sea. Reef growth over the old “highs”
reconumenced. This process was repealed
several limes, with the intervals of erosion
being marked by the thin beds of shale.
Thus the reef hills arc considered to be
a natural reel coumfiguration caused by
rapid subsidence slighily modified by
erosion.

Several serious objeclions can be raised
to this theory:

(1) Tf the sea level were lowered less than the
height of the hills (caused by the restricted reef
growth), then these hills would be truncated or
partially so, and the wave-cut bench would he
well above the surrounding (but topographically
lower) main body of the reel. The unconformity
in the middle pait of the Cisco in the Good oil
field in southwestern Borden County seems to
have the configuration one may expect to re-
sult from a sea level lowering less than the height
of the restricted reef hill (Pl, 3, cross section
G-G’ and H-H'). If this is true, however, no ex-
planation can be found for the rcef limestone of
upper Cisco age which lies 90 feet or more down
the flanks of the reef from the nnconformity.
This is below a reef’s biotic potential when sea
level is at the position of the unconformity
(Cloud, 1952, p. 2134), Similar relationships are
known over much of the atoll area (Pls. 2 and
3). Though some of this limestone can be at-
tributed to reef detritus, the distribution of reefl
rock of upper Cisco age, as shown in the porosity
cross sections, appears to be too widespread to
attribute it all to scree.

2. In the writers’ opinion, the extraordinarily
high percentage of clastic limestone would not
be explained by this hypothesis. Admittedly, the
percentage of clastic limestone would he in-
creased more than the amounts usually associated
with reefs. It is believed, however, that these
amounts would not 1epresent as high a percent-
age as is found in the Horseshoe atoll.

3. The rapid subsidence which caused the ve-
striction of reef growth to scattered hills on the
crest of the reef must have been stopped at pre-
cisely the right time. If sea level were to rise
before subsidence of the reef slowed or stopped,
the reef would be drowned., The top of the reef
would be below the zone of biotic potential.

The above theory is therefore rejected
in favor of a new hypothesis which pos-

tulates that the internal reef “highs” are
erosional remnants of an older, thicker,
and broader reef, rather than configu-
rations of resiricted reef growth resulting
[rom rapid subsidence, These “highs”
certainly influenced later reel growth to a
considerable extenl, but prior lo the
“Lighs,” the crests of the alolls are con-
sidered to have been as conlinuous and
as smooth as the tops ol the Pacific atolls.

The concepl of fore-reef, reef-core, and
back-reef facies that has heen established
by other reef investigators can probably
be applicd to this reef only after its his-
tory has been taken into consideration.
Few cores have been obtuined from either
the fore-reef area or the hack-reefl area.
Fore-reef facies are present in wells on the
casitern (seaward) side of the Scurry
County portion of the reef (Pl. 9, wells
105, 180, 185, 186, 187, and 188). These
cores are almost entircly calcirudite. The
only cores obtained from the back-reef
area are from the Fast Polar oil field (PL.
9) in southern Kent Counly, and they do
not differ much lithologically {rom the
cores oblained {rom the reef-core area.
The most striking differcnce is that the
crinoid columnals in this area are smaller
than those found in the reel core.

The lack of strong lithelogical dif-
ferences belween reef-core and back-reef
facies is not too surprising when it is con-
sidered that the entire history of this reef
seems to be one of vertical movement of
the strand line accompanied by trans-
gressive and regressive reef growth.

Tt has been noted in the borings of the
Cenozoic reefs in the Pacific (Fairbridge,
1950; Ladd et al., 1953) that, except for
their surfaces, these reefs are generally
nol well cemented. In those areas which
are alternalely wetted and dried, cemen-
tation is so rapid that cans and bottles have
been incorporated into the so-called
“beach rock.” The same process of cemen-
tation by wetting and drying may have
operated in the Horseshoe aloll. As sea
level was lowered, each part that came
into the tidal range became cemented
Thus, by the time a particular part of the
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reef was undergoing subaerial erosion it
was already a well-cemented rock because
of the previous wetting and drying (with
cousequent loss of carbon dioxide and pre-
cipitation of calcium carbonate inhecrent
in any such lowering of sea level) . I, how-
ever, the reef was largely algal, the lime-
stone deposil could have been fairly hard
from the start. In thal case, the welling and
drying process described above would
have had little eflect upon the lithification
of the rock.

- The secondary porosity may have heen
caused by leaching of the exposed reef by
metcoric water after the cementation had
taken place. The leaching may have been
facilitaled by the presence of humic acids,
if the exposed rcef developed a heavy
cover of vegetation.

Burnside believes that the “Calamites”
found in the shales of the atoll are sig-
nificant in that they represent the remains
of vegetation which developed on exposed
islands and that this vegetation would pro-
vide a source of humic acid to assist in the
leaching processes. He feels that this con-
tention is strengthened by the fact that
all the plant material was found at the
unconformities predicted by his Cyclical
theory. The other anthors maintain that
these plant remains were most likely car-
ried into the atoll by prevailing currents
during times of increased turbidity.

The sequence of reef growth and cemen-
tation in each reel cycle seems to have
been as follows:

1. Normal reef growth commenced and con-

tinucd, with subsidence of the basin amounting
to several hundred feet.

2. Sea level (which probably was never com-
pletely stationary) was lowered, and the upper
part of the reef-complex became emergent and
was subjected to subacrial erosion.

3. The islands (emergent reef) were subjected
to wave action and subaerial erosion. Wave-cut
henches and a topography of hills and valleys
were formed. Leaching of the older rocks by
circulating meteoric waters caused secondary
porosity and other solution {eatures in the islands.
Streams on the surlace left their imprint in the
form of deep gullies, Relatively greater amounts
of terrigenous particles of clay size cnteied the
basin as a result of the much closer shore lines.
At the same time new sources of material for
erosion were made available by the lowering of
sea level, Breccias were deposited on the wave-
cut benches and other surface featurcs. Normal
reef growth was limited to the flanks of the
islands as {ringing reefls. Figure 10 illustrates the
topography that may have been developed by a
combination of subaeiial and wave erosion modi-
fied by sporadic deposition of breccias and local
reef growth,

4. Sea level rose covering most or all emergent
parts of the reef-complex. As the water level rose,
terrigenous particles of clay size and reef breccia
continited to be depoeited in lessening amounts
on the wave-cut benches and platforms behind
the rising {ringing reefs and outside the zone of
wave activity, When most or all islands were
helow sea level, normal reef growth continued
throughout the area, The most pronounced
growth was on the old hills where as much as
several hundred feet of reef accumulated.

The writers believe the foregoing hypo-
thesis explains the anomalous relation-
ships pointed oul at the beginning of this
section.

In general the concepts of regressive and
transgressive reef growth as outlined by
Link (1950) seem to apply to the Horse-
shoe atoll. The eustatic changes of sea level
may be thought of as lransgressions and
regressions of the sea; reel growth was
upward over the older reel with each trans-
gression and downward over the old flanks
with each regression.
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CONTOUR INTERVAL 100 FEET
DATUM IS MEAN SEA LEVEL

Fic. 10. Interpreted topography of the eastern part of the atoll during early Wolfcamp time. (This
pattern is modified from the true pattern by local reef growth and southwest tilting.)



GEOLOGIC HISTORY

DeveLorMmENTS DURING Mississip-
PIAN(?) anp EArLy PENNSYL-
vANIAN TIME

For an unknown length of time, possibly
during most of the Mississippian pe-
riod, carbonate sedimenis were deposited
throughout the mapped area (PI. 5). Dur-
ing Chester(?) time, subsequent to the
deposition of the limestone of Mississip-
pian(?) age, large quantities of clay- and
silt-sized particles of terrigenous material
and small amounts of carbonate particles
were deposited in the Midland basin
(PL5).

Beginning in Morrow(?) time, positive
structural movements occurred in the Mat-
ador arch area, and the siructurally high
parts underwent considerable erosion.
Deposition of the products of this erosion,
however, was confined to the area adja-
cent to these structural “highs.” These sed-
iments were arkosic sands and gravels and
a little mud. If the Central Basin Platform
at this time coniribuled any sediments to
this area, they were clay- and silt-sized
clastic particles.

During Atoka time as much as 1,000
feet of carbonate and terrigenous material
of clay size and small amounts of silt were
deposited in the weslern part of the Mid-
land basin, In areas adjacent to the Mata-
dor arch, arkosic sands and gravels were
still being deposited. Toward the end of
Atloka lime, possibly as lale as very early
Strawn time, the region, at least in the
eastern part, emerged. Erosion at this time
truncated rocks of Atoka and Mississip-

pian(?) age. In parts of Mitchell County

the limestone of Mississippian(?) age was
completely removed. Westward thickening
of the rocks of Atoka age may indicate that
deposition rather than erosion was taking
place in the western part of the basin. Un-
til more cores are available from this part
of the section, the relationships in the
younger rocks of Atoka age will be diffi-

cult to understand.

In early Strawn time a limestone con-
taining some thin beds of shale was de-
posited over the entire area including the
Central Basin Platform, This limestone is
the “biostromal limestone.”

GrowrH oF THE HHORSESHOE ATOLL
DurinG PENNSYLVANTAN TIME

Rocks of Strawn age are present
throughout the area covered by the atoll.
The lowest 45 to 250 feet of this rock are
biostromal limestone that can be traced in
the subsurface {ar from the atoll. It is not
considered to be a reef rock. From this
foundation reef growth began and contin-
ued cyclically throughout the remainder of
the Pennsylvanian period. About 750 feet
of reef rock of Strawn age accumulated
above the earlier “biostromal limestone”
(PL. 4). Evidence indicates that cyclic reef
growth took place throughout the time ol
accumulation of reef rocks with the pos-
sible exception of Wolfcamp time. This is
indicated by the Type A and B porosity
zones, which are believed to be the result
ol eustatic changes of sca level.

At least two cycles are indicated by
rocks of Strawn age, two by rocks of Can-
yon age, two by rocks ol Cisco age, and
one by rocks of Wolfcamp age. Sullicient
data are not available for a detailed de-
scriplion of events during Strawn time.
Correlation of shale beds, calcirudite, and
porosity zones with [(usulinid data, how-
ever, indicates that a sequence of events
took place during Strawn time similar to
that which occurred during later Pennsyl-
vanian and earliest Wolfcamp time.

Evidence indicates that sea level was
lowered in early Canyon time and thal the
atoll emerged to an unknown height. The
emergent atoll was subjected to extensive
wave action and subaerial erosion which
beveled the rocks of Strawn age Lo a rela-
tively flat surface (Pl. 4). Large quanti-
ties of detrital limestone were removed

from the crest and deposited in both the
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fore-reef and lagoonal areas, spreading for
tens of miles over the sea floor. Terrige-
nous clay-sized material began entering the
area, probably becausc the lowered sea
level brought the conlinental land areas
nearer to the atoll. Growth in the atoll was
restricted to fringing reefs at this time. The
exposed rocks immediately underlying the
eroded surface were leached possibly by
circulating meteoric water which con-
tained carbonic and humic acids derived
from plant life on the emergent portions of
the atoll.

The tremendous quantities of limestone
removed by this truncation indicate that
this period of erosion lasted longer and
contributed more clastic limestone to ihe
areas surrounding the atoll than any pre-
vious or later interval of erosion. During
early Canyon time sea level rose, and the
crest of the atoll was submerged beneath
the effective action of the waves. Terrige-
nous material of clay size entercd the ba-
sin in lessening amounts, and the thin beds
of shale which covered the upper Strawn
reef were deposited. Reef growth over this
horizon was renewed during Canyon time.

Similar cycles of reef development—
growth during high sea level combined
with basin subsidence and later erosion
during low sea level-—were repeated once
more during Canyon time, twice during
Cisco time, and once during Wollcamp
time. The atoll, however, was never again
so completely truncated as at the begin-
ning of Canyon time,

DeveLormenTs DURING WoLFCAMP
TimEe

In early Wolfcamp time large amounts
of clay and silt particles were deposited in
the Midland basin. Sedimentary structures
and thickening ol these deposils Lo the
north and east indicate that the source of
these terrigenous sediments lay to the
north and east of the atoll area. The Wich-
ita-Arbuckle complex of mountains in
Oklahoma was being uplifted at this time
and may have been an important contribu-

tor of sediments to the atoll area. The tur-
bidity of the water in the eastern part of
the atoll probably killed the fringing reefs.
The eastern and northern parts of the ba-
sin were rapidly filled with terrigenous
muds which at times became very cal-
carcous. In the early stages of the basin-
filling, some of the calcium carbonate in
the predominately terrigenous section was
probably contributed by the erosion of the
topographically high parts of the atoll and
other reefs.

Reef growth continued in the south-
western part of the atoll during the time
in which the northern and eastern parls
were being covered with mud. The slightly
more argillaceous characler of the reef of
Wolfcamp age indicates the increased tur-
bidity of the sea in the entire area. Slowly
the muds encroached on the southwestern
part of the atoll smothering the reef or-
ganisms. Intertonguing of the shale and
reel limestone took place in the south-
western part of the atoll during Wolfcamp
time. Reef growth in this area was re-
stricted by the increasingly turbid waters.
By late Wolfcamp timec (but preceding
deposition of the Dean siltstone) the muds
had been dcposited across the entire atoll
area except in southeastern Terry, north-
eastern Gaines, and northwestern Dawson
counties. Deposition of the Dean siltstone
finally covered the remaining part of the
reel-complex, and the atoll was completely
buried. Including the part of the reef of
Wolfcamp age, a maximum of nearly 3,000
feet of limestone had accumulated.

The top of the Wolfcamp series cannot
be placed precisely but is known to be
within an argillaceous limestone interval
between the Dean silistone and the Spra-
berry siltstone. Fusulinids of Wollcamp
age have been found in the lower part of
this limestone and f{usulinids of Leonard
age in the upper part (PL. 5). There is no
apparent lithologic change within this
limestone to suggest the contact between
these series.

The argillaceous limestone immediately
beneath the Dean siltstone over most of the
area thickens and becomes fairly pure



Late Paleozoic Horseshoe Atoll, West Texas 65

limestone along the Borden-Scurry County
line. The Dean siltstone becomes thinner,
very calcareous, and laps up onto the thick-
ening limestone beneath it. These relation-
ships suggest the existence of a barrier
reef which grew during late Wolfcamp
time at the margins of the area in which

the Dean was deposited (Pl. 6). Similar
relationships are found between the Spra-
berry siltstone and a dolomite of equiva-
lent age slightly east of the area in which
the Dean merges into limestone, This dolo-
mite directly overlies the reef of late Wolf-
camp age in Scurry County.



OIL AND GAS

History or DEVELOPMENT

The first hole drilled into the Horse-
shoe atoll was Gulf Qil Corporation’s No.
1.B E. P. Swenson Cattle Company well in
Garza County (P1. 9, well 166). This hole
was completed as a producing oil well
from reef rocks of Strawn age on Novem-
ber 11, 1938. No other holes were drilled
to this reservoir at this time, and the well
was abandoned in April 1939, after pro-
ducing 504 barrels of oil.

From 1939 to 1948, few holes were
drilled to rocks of Wolfcamp age or older
in the area of the Horseshoe atoll. In Janu-
ary 1948, however, the Seaboard Oil
Company discovered the Vealmoor oil
field (Pl. 9) in the southern part of the
atoll. In July 1948, the one-well Schattel
oil field was discovered in Scurry County,
and by the end of that year three widely
separated oil discoveries were made in the
reef limestone in Scurry County. Even-
tually these three wells became a part of
one large reservoir (Diamond-M, Sharon
Ridge, and Kelly-Snyder fields) which in
this paper is referred to as the Scurry field.
Numerous other oil discoveries in the reef
rock were made in 1949 and subsequent
years. Exploitation of the fields produc-
ing from reef rocks in the castern part of
the atoll continued at a rapidly increasing
pace through 1950. From 1950 to 1953,
the number of holes drilled in Scurry and
Kent counties each year has decreased,
but exploration remained at a high level
in the eastern part of the atoll and con-
tinued unabated in the southern and west-
ern parts of the atoll.

0il was first produced from nonreef

FOOTNOTES FOR TABLE 8—
1 Data obtained from the Railroad Commission of Texas.
2 “Canyon™ rescrvoir of Cogdell field only,

rocks of Wolfcamp age in 1950 from the
Cogdell (4,900 feet) reservoir (Table 9)
in the Cogdell field (Pl. 9). Most oil dis-
coveries in nonreef rocks of Wolfcamp
age have resulted from studies of subsur-

face data oblained during development of
the fields producing from the reef rocks.

On March 1, 1954, 36 fields were pro-
ducing oil from reef rocks of the Horse-
shoe atoll; six additional fields had been
abandoned. These fields, their location by
county, year of discovery, age of rock pro-
ducing oil, and cumulative production
are shown in Table 8 (p. 61).

Total annual production of oil from
all reservoirs in the Horseshoe atoll is
tabulated in Table 7.

Table 7. Total production of oil from the
Horseshoe atoll.

(Data for 1948 through 1953 obtained from the
Railroad Commission of Texas)

YEARLY CUMULATIVE
PRODUCTION PRODUCTION
YEAR (barrels) (barrels)
1939 504 504
1940-1947 0 504
1948 179,249 179,753
1949 4,888,321 5,068,074
1950 43,163,219 48,231,203
1951 65,318,409 113,549,702
1952 66,542,782 180,092,484
1953 63,974,510 244,066,994

On March 1, 1954, four fields were pro-
ducing oil from rocks of the Wolfcamp
series overlying the Horseshoe atoll.
(Within the mapped area, two additional
fields produced from rocks of this age.
These are excluded, however, from the
above number and not included on Plate
9 or in Tables 9 and 10. Only those reser-

3 Lower Strawn reservoits of Cogdell field only (consist of Cogdell {Strawn), Cogdell, West (Strawn), and Fuller (Strawn

“B”) of the Railroad Commission of Texas).
4 Includes Good and Good, Nurtheast (Canyon reef) felds.

5 Includes Salt Creek, Sonth (Lower Penn.) and Salt Creek (Strawn) fields,

% “Cunyon’ reservoiurs of Scurry ficld only (consst of Diamond-M, Kelly, Kelly-Snyder, Notth Snyder, and Shaion
Ridge Canyon fields as now or formerly recognized by the Railroad Commission of Texas),
7 “Strawn Zones B, C, and D™ reservoirs of Scurry field only (consist of Collins, Kelly-Snyder (Caddo), North Snyder

(Strawn), North Snyder {Zone *“B’), and North Snyder (Zone

of Texas).

“C”) as now or formerly used by the Railroad Commission

8 “Strawn Zone A" reseryoir (known as North Snyder (Strawn “A’’ Zore) used by the Railroad Commission of Texas).
9 Includes Vincent (lower Canyon) and Vincent (upper Canyon) ficlds.

10 Abandoned oil field,
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Table 8. 01l production from fields in the reef rocks of the Horseshoe atoll.

67

{Names of fields aro these oflicially used by the Railroad Commission of Texas unless otherwise noted)

CUMULATIVE

FIELD PRODUCTION TO
{See PL. 9 LOCATION YEAR OF AGE OF ROCK Jan. 1, 1954*
for location) (County) DISCOVERY PRODUCING OIL {BARRELS)
Adair (Wolfcamp) Terry and Gaines 1950 Wolfcamp 4,679,856
Allen-Holiday (Penn.) Scurry 1952 Cisco 16,293
Bond (Canyon) Howard 1950 Canyon 65,305
Brownfield, So. Terry 1950 Cisco and Canyon? 1,121,719
(Canyon)
Clairemo?t (Lower Kent 1950 Cisco and Canyon 863,453
Penn.
Cogdell2 Kent and Scurry 1949 Cisco, Canyon, and
upper Strawn 25,857,756
Cogdell3 Kent and Scurry 1951 Lower Strawn 104,686
Dunni¢ Mitchell 1949 Canyon 4,962
Early (Strawn) Scurry 1949 TLower Strawn 79,124
Fuller, Southeast Scurry 1952 Canyon 11,244
(7100 feet Strawn)
Fullerville (Strawn) Kent and Scurry 1952 Lower Strawn 48,138
Goodt Borden 1949 Wolfcamp and Cisco 7,210,054
Hobo (Penn.) Borden 1951 Cisco 1,888,574
Luther, North Howard 1952 Wolicamp 134,416
(Canyon reef)
Mound Lake10 Terry 1948 ? 58,553
Mungerville (Penn.) Dawson 1951 Wolicamp 582,728
Mungerville, Northwest Dawson 1953 Wolfcamp 6,183
(Penn.)
Myrtle (Penn.) Borden 1951 Canyon 37,799
Oceanic (Penn.) Howard 1953 Wollcamp 92,788
O’Danicl (Canyon) Howard 1950 Canyon 35,410
Polar, East (Penn.) Kent 1950 Canyon and lower Strawn 402,906
Reinecke Borden 1950 Cisco 9,920,695
Salt Creek Kent 1950 Cisco, Canyon, and
upper Strawn 8,841,534
Salt Creek, South® Kent 1952 Canyon 100,174
Schattel Scurry 1948 Cisco 35,657
Scurry$ Scurry 1948 Wolfcamp, Cisco, and
Canyon 153,102,340
Scurry? Scurry 1949 Lower Strawn 2,964,979
Scurry® Securry 1953 Upper Strawn 9,876
SM S (Canyon reef) Kent 1953 Canyon 4,630
Sparenburg (Penn,)10 Dawson 1951 Cisco 15,719
Spires Kent 1950 Canyon and upper Strawn 64,622
Spraberry West (Penn.) Dawson 1953 Wolfcamp 34,856
Spur (Canyon) 10 Garza 1951 Canyon 3,271
Statex (Cisco reef) Terry 1952 Cisco 379,383
Swenson10 Garza 1938 Lower Strawn 504
Tzihokzil (Penn.-Strawn Lynn 1953 Strawn 106,344,
ime
Tohe (Strawn) Garza 1951 Canyon and upper Strawn 144,876
Vealmoor Borden and Howard 1948 Wolfcamp and Cisco? 7,447,432
Vealmoor, Central Howard 1953 ? 3,708
(Canyon reef)
Vealmoor, East Borden and Howard 1950 Wolfcamp ? and Cisco 8,587,612
Vealmoor, North1® Borden 1950 Wollcamp 43,981
Vernon, Cox Kent and Scurry 1951 Canyon 24,699
(Canyon reef)
Vincent® Howard 1950 Canyon 60,413
Von Roeder Borden 1949 Cisco 3,956,056
Wellman Terry 1950 Wolfcamp 4,905,686

FOOTNOTFS ON OPPOSITE PAGY.
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voirs are shown whose traps were pri-
marily the result of compaction of sedi-
ments over the atoll.)

The fields, petroleum reservoirs, reser-
voir rocks, and cumulative production
from rocks of the Wolfcamp series over-
lying the atoll are tabulated in Table 9.

Production of oil from the posireef
rocks of Wolfcamp age overlying the atoll
is tabulated in Table 10,

Free gas caps do not exist in any of the
reservoirs in the atoll or in the postreef
rocks of Wolfcamp age. The only gas pro-
duction has been solution gas incidental to
oil production, and estimates of the quan-
tities produced are not available. Oil is
also produced in this area from rocks of
the Ordovician, Silurian, Devonian, and

Table 10. Production of oil from reservoirs in
postreef 1ocks of Wolfcamp age.
(Data obtained from Railroad Commission
of Texas)

YEARLY CUMULATIVE

PRODUCTION PRODUCTION
YEAR {barrels) (barrels)
1950 74,247 74,247
1951 509,835 584,082
1952 2,103,810 2,687,892
1953 2,005,285 4,693,177

“Canyon,” and “Strawn Zones A, B, C,
and D” reef reservoir rocks (fig. 6). Pro-
duction is from reef limestone of Strawn,
Canyon, Cisco, and Wolfcamyp age in the
“Wolfcamp” and “Canyon” reef reser-
voirs; from reef limestone of late Strawn
age in the “Strawn Zone A” reef rcser-
voir rocks; and from reef limestone of

Table 9. Oil production from fields in non eef 10cks of Wolfcamp age.
(Names of ficlds are those officially used by the Railroad Commission of Texas)

FIELD

CUMULATIVE
PRODPUCIION 10

{Sea P’1. 9 LOCATION YEAR 01 OIL RESERVOIR ROCL JAN. 1, 19541
for Incalion) (Counly) DISCOYERY (See fig. 6) (barrels)

Canning (Wolfeamyp) Borden 1950 bedded limestone 104,739
Cogdell, Fast

(Cogdell sund) Kent 1952 “Fuller” sandstone 102,955
Cogdell (Fuller sand) 2 Kent 1950 “Fuller” sandstone 342,731
Cogdell (4,900 feet) 2 Kent 1950 “Cogdell” limestone 279,857
Diamond-M (Wollcamp)®  Scurry 1952 bedded limestone 155,407
Truller? Scuny 1951 “Fuller” sandstone 548,676
Kelly-Snyder (Cisco) # Scurry 1951 “Cisco” sandstone 3,142,123
Vealmoor, East

{Wollcamp) Borden 1950 bedded limestone 2,085
Vealmoor (Cisco) Borden 1952 bedded limestone 14,604

1 Dala oblained from the Raihoad Commission of Texas.
2 Reservorr in Cogdell field. B

3 Reserveir in Scurry field.

£ Three reservoirs in Semrry field.

Mississippian systems and from those of
the Leonard and Guadalupe series of Lhe
Permian system; discussion of the fields
and reservoirs in these rocks is beyond
the scope of this paper. For a more com-
prehensive summary of the distribution
and production of oil in the area, see Staf-
ford (inpress (b)).

RESERVOIRS

Reservoirs in the Horseshoe atoll.—Qil
is produced from five stratigraphic po-
sitions within the Horseshoe atoll. These
are commonly called the “Wolicamp,”

early Strawn age in the “Strawn Zones
B, C, and D” reservoirs. The oil in the
“Wolfcamp” and “Canyon” reef reservoirs
is lrapped in the structurally higher parts
of the atoll, which are overlain by im-
pervious shale. The ages of the rocks in
which the oil is {ound differ considerably
from place to place in the atoll (Table 7),
but in general the oil-water interface is in
progressively younger rocks to the south
and as far west as the West Spraberry,
Mungerville, and Adair (Wolfcamp) o1l
fields in Dawson, Gaines, and Terry
counties. Toward the northeast the oil-
water interface is in successively older
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rocks, and in the extreme northeast the
Tahoka oil field in Lynn County produces

entirely from rocks of Strawn age.

The reasons for most of the traps form-
ing the “Strawn Zones A, B, C, and D”
reservolrs on the eastern side of the atoll
have not been determined. Inasmuch as
all oil accumulalions in the atoll are in
porous zones overlain by younger rocks,
an updip decrease in porosity and per-
meability is the factor controlling the ac-
cumulations al some places; other traps
may be a combinalion of porosity changes
and anticlinal structures involving zones
of porous and relalively nonporous reef
rock.

Reservoirs above the Horseshoe atoll.—
0il is produced from five stratigraphic
positions from nonreef rocks of Wolfcamp
age overlying the Horseshoe atoll. These
are commonly called “Cisco,” “Canyon,”
“Fuller,” “Cogdell,” and “Wolfcamp”
reservoir rocks (fig.6).

The reasons for the traps forming the
“Cisco” sandstone, “Canyon” sandstone,
“Cogdell” limestone, “Fuller” sandstone,
and “Wolfcamp” limestone reservoir rocks
in the Wolfcamp series overlying the atoll
are the flexures resulting from differential
compaclion of the terrigenous deposits
over the Horseshoe atoll. In the “Cisco”
sandstone, however, some accumulation of
oil was caused by the lenticular naturc of
some of the porous sandstones within the
body of the bituminous shales of Wolf-
camp age. The oil in the other bedded
limestone and sandstone reservoirs of
Wolfcamp age accumulated in much the
sume manner as in the reef. These traps
are caused primarily by differential com-
paclion but in some places by loss of up-
dip permeability.

Source or THE O11,

The source of oil in the reef reservoirs
is a matter of much imporlance in the
gearch for petroleum. The oil could not
have originated within the atoll inasmuch
as the porosity of the reef limestone is al-
most entirely secondary (Bergenback and

Terriere, 1953, p. 1023; Stafford, in press
(a); and Burnside, in press). The oil

must, therefore, have migrated into the
atoll from an external source, probably
from the enclosing bituminous shale of
Wolfcamp age.

According to Grout (1932, p. 337), if
shale has an initial porosity of 50 percent
in the first 100 feet, an overburden of
1,000 feet would reduce that porosity to
about 30 percent; 2,000 feet to about 23
percent; 3,000 fect to about 18 percent;
and 8,000 feet to about 8 percent. The de-
crease in porosily and volume represents
fluids squeezed out of the shale. The bitu-
minous shale which encloses the reef-com-
plex is considered to be the source of the
oil in the reef rocks. The migration of the
[uids from source rock to reservoir rock
was accomplished by the compaclion of
the source rocks with the inherent loss of
fluids in the process of compaction. It is
probable that both water and oil were
squeczed out of the compacted shales.
These {luids then migraled into the porous
parts of the leached reef rocks. This proe-
ess probably began during Wolfcamp time
before the southwestern part of the reef
was completely covered with terrigenous
rocks. Differential separation of the oil
and water in the reef rocks probably oc-
curred as soon as a reservoir was effec-
tively sealed by the covering shales.

The source of the oil in the postreef
reservoirs of Wolfcamp age is probably
also the shale that encloses both the reef
reservoir rocks and those postreef rocks
of Wolfcamp age.

EconoMic Asprcts oF PorosiTy
ZONATION

The main source of reservoir energy
in the reef rock is the expansion of gas
from solution. In most reservoirs little
waler drive or encroachment of water is
evidenl. The oil reservoirs and fields of
the atoll are interconnected by the lower
porous parts of the reef and are also con-
nected with the structurally high, water-
saturaled, barren reef hills (such as at the
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Gaines-Dawson County line and in north-
easlern Garza and northwestern Kent
countles). A large hydrostatic head, there-
fore, musl be present in the oil reservoirs.
I the recf were homogenous and uni-
formly porous, a natural water drive
would be effective, but the zonation of
porosily (Pls. 2 and 3) indicates thal this
is not true. A natural water drive will be
eflective only in zones that have good
porosity and permeability and are in di-
rect contact with the oil-water interface.

It is not known to what exlenl the zones
of low porosity act as barriers to the verti-
cal circulation of fluids. That some of
these zones are definitely impermeable is
indicated by the presence of large amounts
of perched water above the main oil-water
interface in the south-central edge of the
largest “Canyon” reservoir in Scurry
County (Rothrock et al., 1953). This water
is perched above the impervious zone at
the base of reel rock of Cisco age. Rela-
tively few vertical or nearly vertical open
joints were observed in the cores {rom
wells in the Horseshoe atoll; however,
calcite-filled fractures are fairly common.
L is therefore probable that insufficient
open joints and fractures are present to
allow appreciable verlical circulation of
fluids.

The importance of a better understand-
ing of the development and distribution of
porous and permeable zones in carbonate
reservoirs has been stressed by Imbt
{1950, pp. 616-617), as follows:

The industry has developed techniques of in-
creasing porosity and permeability; however,

only a relatively small amount of fundamental
1escarch has been undertaken in the mechanics
and development of naturally occurring porosity
and permeability. The need for systematic 1e-
scarch in carbonate porosity becomes more
urgent when it is realized that over half of the
world’s presently known petroleum reserves are
contained in carhonate rocks. . . .

Why, then, have not more attempts been made
to repressure the carbonate class of reservoirs?
The answer to this question is manifold and
complicated, and there is lack ol gencral apgree-
ment among geologists and engineeis regarding
the difficulties of secondary projects in carhonate
reservoirs. Basically, most of the difficulty re-
anlts from a Jack of {fundamental data peitain-
ing to the formation of carbonate porosity and
the character of the rcsulting rock. . . .

Imbt (1950, p. 620) writes further:

The apparent lack of active interest in re-
pressuring carbonate reservoirs undoubtedly may
be attributed to the lack of success attaincd in
those projects already undertaken. Figures are
not available from which the total number of
failures can be counted. Assumptions are dan-
gerous, but in this instance it is safe to assume
that the majority of attempts have ended in
failure or have achieved only moderate success.
Such a record certainly does not encourage con-
tinued atiempls at carbonate reservoir repressur-
ing.

Most of the difficulty experienced is thought
to be due to a lack of fundamental data bearing
on the nature of the porosity and the manner in
which it was formed.

It is believed that the technique de-
veloped in correlating the zones of dif-
ferent porosity within the Horseshoe atoll
will aid in the understanding of the poros-
ity relationships in the atoll and in second-
ary recovery efforts. It is possible that the
use of this technique in studying other
carbonate reservoirs will be helpful in de-
termining porosity distribution for guid-
ance of petroleum recovery operations,
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APPENDIX

DEescripTioNn oF CorEs TAKEN FROM
THE HORSESHOE ATOLL

The following descriptions of cores
from 23 wells are included in order that
the reader might better visualize the lith-
ologic components of the rocks that consti-
tute the Horseshoe aloll. The descriptions
represent typical cores from the atoll. The
rocks from the cores represent different
ages: Wolfcamp, Cisco, Canyon, and
Strawn, It is apparent from these descrip-
tions that there are few lithologic dif-
ferences wilhin the body of the reef. Much
of the limestone is considered 1o be clastic
and is classified according to the size of
its constituent grains into three categories
defined as follows:

Calcilutite—Limestone composed mostly of frag-
ments too small to be distinguished mega-
scopically.

Calcarenite—Limestone composed mostly of frag-
ments large enough to he distinguished but
smaller than 2 mm in diameter.

Calcirudite—T.imestone composed mostly of frag-
ments larger than 2 mm in diameter,

The specific meanings that have heen

applied to some other terms are given
helow:

Phenoclast—Any clastic fragment larger than 2
mm in diameter,

Fissures— Short, irregular fractures (in contrast
to joints which are straighter and more ex-
tensive).

Pinpoint  porosity—Containing megascopically
visible pore spaces smaller than 1 mm in
diameter,

Vug—A pore larger than 1 mm in diameter.

Crinoid—Crinoidal debris consisting entirely of
columnal segments except for a very few
tiny circular segments that may have come
fiom the arms or pinnules of the crinoid.

Measurements are given in both the
English and metric systems, The English
system of feet and inches is used for depths
and bed thicknesscs; the metric system
for the size of grains, phenoclasts, and
vugs.

The initials “K. B.” after the surface
elevation indicatcs that datum is the top of
the Kelly Bushing that generally is about
2 feet higher than the derrick lloor.

Ciries Service O1L Company No. 4 AusTiN
(PL 9, well 104)

Location: 467 feet from south and east lines of lot 31, sec. 39, Kirkland and Fields survey, Scurry

County.
Elevation: 2407 feet K. B.
Cored interval: 6697.0 to 6804.0 feet subsurface.
Top of reef: 6681 feet subsurface.

Fusulinid data indicate the rocks in this core to be of Cisco age.

CORE DESCRIPTION

Description

Depths Available
(feet) core
From To (percent)
6697.0 6710.0 85
6710.0 6753.0 68
6753.0 6763.0 70
6763.0 6796.5 80
6796.5 6804.0 80

Calcirudite, bioclastic, contains claystone fragments; vugs and
pinpoint porosity common, incipient stylolites; crinoids, fusu-
linids, and brachiopods common, bryozoans rare.

Calcarenite, fine-grained, hioclastic; contains claystone stringers
in top portion, claystone fragments in lower half; vertical
joints: crinoids and unidentified shell fragments common.

Caleirudite; stylolites; vugs and pinpoint porosity abundant;
unidentified shell fragments abundant; crinoids, fusulinids,
and bryozoans common.

Calcarenite, very fine grained, and calcilutite; open joints at
6787-6793; drusy vugs and pinpoint porosity abundant, es-
pecially in lower part; crinoids common, brachiopods rare.

Calcarenite, oolitic in part; open vertical joints in top 2 feet,
vugs and pinpoint porosity abundant and horizontally banded;
crinoids, [usulinids, and other Foraminifera common.
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Crrics Servicr, O Company No. H-2 JorNsoN

(PL 9, well 113)

Location: 850 feet from north line, 330 feet from east line of sec. 200, blk. 97, Houston and Texas

Central survey, Scurry County.

Elevation: 2432 feet K. B.
Cored interval: 6737.0 to 6933.0 {eet subsurface.
Top of reef: 6724 fect subsurface.

Fusulinids of Canyon age were found in the rocks fiom depths 6819 to 6901 feet subsurface,

Depths
(feet)

From To

6737.0 6755.0
6755.0 6760.0
6760.0 6778.0
6778.0 6787.5
6787.5 6812.0
6812.0 6836.0
6836.0 6840.0
6840.0 6846.0
6846.0 6863.0
6863.0 6871.0
6871.0 6890.5
6890.5 6895.5
6895.5 6910.0
6910.0 6926.0
6926.0 6933.0

Available
core
(percent)

78
92

73

88

71

60

78

74
85
87
78
00

75

00
54

CORE DESCRIPTION

Description

Calcarenite: vertical joints well developed, stylolites; crinoids
and unidentified shell fragments common, fusulinids rare.

Calcarenite and calcilutite intethedded; well-developed stylo-
lites, incipient vertical joints, vugs rarc; unidentified shell
fragments and crinoids common, hrachiopods rare.

Calcarenite; contains scattered caleilutite masses as much as
2 c¢m in diameter and very thin claystone stringers; vertical
joints in lower part, stylolites; crinoids and unidentified shell
fragments common, bryozoans and brachiopods rare.

Calcarenite, intercalated calcilutite; stylolites, occasional vugs,
pinpoint porosity; unidentified shell fragments abundant,
crinoids, bryozoans, and brachiopods common, gastropods
rare.

Calcilutite; stylolites, vertical joints; vugs common in upper 5
feet; unidentified shell fragments, crinoids, bryozoans, and
brachiopods common.

Calcarenite; stylolites, vertical joints; fissures in upper hall;
crinoids, fusulinids, unidentified shell fragments, brachiopods,
and bryozoans common, corals rare.

Calcirudite, composed of subangular to subrounded calcilutite
phenoclasts as much as 4 ecm in diameter in calcilutite matrix;
contains claystone fragments as much as 1 ecm long; stylolites,
vertical and oblique calcite veins; fusulinids and crinoids
common, brachiopods rare.

Calcarenite, interbedded with calcilutite; calcite-lined vertical
and oblique joints; stylolites; occasional vugs in lower part;
fusulinids and crinoids common, brachiopods rare.

Calcarenite; vertical joints, some open; stylolites in lower part;
vugs common; some vugs and open joints are drusy; fusu-
linids, crinoids, and unidentified shell fragments common.

Calcarenite, very fine grained; vertical joints, some open; stylo-
lites, vngs, and pinpoint porosity abundant; {usulinids,
brachiopods, and crinoids common, corals rare.

Calcilutite; vertical joints; vugs and pinpoint porosity abundant
except in bottom 5 feet; fusulinids abundant, erinoids and
Foraminifera other than fusulinids common.

Ca.lcﬂutite to very fine-grained calcarenite; vertical and oblique
Joints, some open; calcite-filled fissures; vugs and pinpoint
porosity cormmon, abundant in middle 5 feet; fusulinids,
crinoids, and unidentified shell fragments common, brachio-
pods rare.

Caleilutite; contains claystone stringers as much as 7 mm thick
and lenticular calcilutite masses as much as 3 x 5 mm in cross
section; stylolites; tusulinids and crinoids commen.
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Crries Scevicn Oin Company No. 6 PATTrrson
(L 9, well 110)

Location: 1200 feet from west line, 330 {fcet {1om south line ol sec. 215, bik. 97, Houston and Texas
Central survey, Scurry County.
Elevation: 2465 feet K. B.
Cored interval: 6863.5 to 6962.0 feet subsurface.
Top of reef: 6868 feet subsurface.
Fusulinids of Cisco age weie found from 6870 to 6918 feet subsurface.

CORC DESCRIPTION

Depths Available
) (feet) core
From To (percent) Description
6863.5 6868.0 ? Claystone, fissile, occasional calcilutite beds as much as 3 em

thick, claystone contains disseminated pyrite crystals, tar is
present along cleavage planes; fish scales and discinid
brachiopods common in the claystone; in the calcilutite
crinoids and brachiopods common and fusulinids rare.

6868.0 6890.0 ? Caleirudite, composed of caleilutite and large fossil fragments
in hieclastic calcarenite matrix, fragments have maximum
diameter of 4 em; stylolites, vertical and oblique joints;
crinoids and unidentified fossil fragments abundant, {usu-
linids common, brachiopods rare.

6890.0 6891.0 ? Calcarenite, very fine grained, and calecilutite, contains one
oblique 2-inch claystone bed; well-developed vertical joints.
6891.0 6905.0 ? Calcirudite, consists of calcilutite and calcarenite fragments as

much as 16 em in diameter in calcareous claystone matrix;
occasional pyrite crystals, scattered claystone fragments,
stylolites, vertical joints; crinoids, fusulinids, and bryozoans
common, brachiopods rare.

6905.0 6906.0 ? Claystone, contains disseminated pyrite crystals and fragmental
layers as much as l-inch thick; crinoids abundant.

6906.0 6908.0 ? Calcarenite, near base subrounded calcilutite fragments are
rare; crinoids rare.

6908.0 6909.5 ? Claystone, fissile, calcareous; contains disseminated pyrite
crystals; pyritized pelecypods common, brachiopods rarc.

6909.5 6912.5 ? Calcilutite, argillaceous and calcareous claystone; vertical
joints; brachiopods (“Chonetes”) common, ammonoids rare.

6912.5 6925.5 ? Calcarenite, contains occasional pyritic claystone fragments;

stylolites; horizontal, oblique and vertical joints; calcite-
filled cavities in top portion; crinoids, fusulinids and other
Foraminifera common.

6925.5 6962.0 ? Calcilutite; occasional horizontal claystone partings, well-
developed oblique joints; stylolites, calcite-filled fissures;
crinoids, fusulinids, Foraminifera other than fusulinids, and
brachiopods rare.

Genrrar Crupk O1n Comeany No. 193-2 CoLoManN
(PL. 9, well 169)

Location: 560 feet from south line and 3494 feet from east line of sec, 193, blk. G, WACO and NW
survey, 7 miles west of Claivemont, in Kent County, Texas.
Elevation: 2157 feet K. B.
Cored interval: 6223 feet to 6546 feet subsurface.
Top of reef: 6200 feet subsurlace.
Fusulinids of Cisco age were found between depths 6258 and 6290 feet subsurface, Fusulinids of
Canyon age were found between depths 6311 and 6508 feet subsurface.

CORE DESCRIPTION

Depths Available
(feet) core o
Trom To (percent) Description
16223.0 6231.0 88 Calcilutite ; stylolites, calcite-filled joints; vugs; fusulinids rare,

bryozoans common, corals rare, crinoids common, unidentified
shell fragments common.

6231.0 6235.3 ? Calcarenite, calcilutite groundmass; filled joints; oolites in
upper 6 inches; fusulinids and crinoids rare to common,
brachiopods, bryozoans rare, unidentified shell {ragments

common.



6235.3

6246.0

6258.0

6265.0

6311.0
6317.5
6329.0
6334.0

6385.0

6390.0
6399.0
6424.0

6429.0

6441.0
6452.0

6458.0
6473.0
6475.0

6490.0

6495.0

6510.0
6512.0

6523.0

6530.0

6246.0

6258.0

6265.0

6311.0

6317.5
6329.0
6334.0
6385.0

6390.0

6399.0
6424.0
6429.0

6441.0

6452.0
6458.0

6473.0
6475.0
6490.0

6495.0

6510.0

6512.0
6523.0

6530.0

6546.0
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47

91

92
71
100
84

100

87
81
90

79

97
75

80
100
95

92

82

00
83

87

71

Claystone, calcareous, with interbedded argillaceous limestone

to 12 inches thick, hecomes more calcareous in lower 2 feet,
hasal 3 inches contains well-sorted fossil debris; comminuted
fossil debiis scattered throughout.

Calcarenite with calcilutite groundmass; interbedded claystone
to 3 inches thick; pyrite cubes common; crinoids very com-
mon to abundant, fusulinids occasional.

Calcirudite; houndaries ot phenoclasts indistinct, phenoclasts
calcarenite and calcilutite; vugs; fusulinids commeon, Fora-
minifera other than fusulinids 1are, unidentified shell debris
very common.

Calcirudite, with calcarenite and calcilutite beds to 8 feet thick;
vugs and small vertical joints, usually filled; becoming stylo-
litic in lower 33 feet; crinoids and fusulinids common, bryo-
zoans, brachiopods, Foraminifera other than fusulinids rare,
unidentified shell debris common.

Calcarenite, bioclastic; horizontal claystone bands; fusulinids
common, crinoids rare, unidentified shell debris common.

Calcarenite, oolitic; vugs common, some filled with calcite;
crinoids and fusulinids common, fusulinids hollow.

Calcilutite, bioclastic, occasional oolites; diusy vugs; fusulinids
common, unidentified shell fragments common.

Caleilutite, bioclastic; stylolitic, drusy vugs rare, filled joints
rare; lower 3 fect contains {ragments calcilutite and calcar-
enite as much as 2 inches in diameter; fusulinids and crinoids
common; Foraminifera other than fusulinids rare, bryozoans,
brachiopods, corals rare.

Caleirudite, fragments oolitic or calcarenitic, 13 inches calcar-
enite at top; vertical joints; fusulinids rare, crinoids very
common.

Calcarenite, oolitic; occasional open joints, vugs; no identifiable
fossil debuis.

Calcarenite, oolitic; occasional stylolite, vertical joints; fusu-
linids and crinoids common.

Calcarenite, bioclastic; stylolites, filled vertical Joints; fusu-
linids and crinoids common, Foraminifera other than fusu-
linids rare.

Calcilutite, bioclastic; stylolitic, vertical fractures mostly filled
but a few open, occasional, small vugs; fusulinids, crinoids,
bryozouns, and Foraminifera other than fusulinids common.

Calcarenite; vertical joints, small vugs; fusulinids and crinoids
rare, unidentified shell fragments common,

Calcilutite containing scattered [ragments of calcarenite and
bioclastic calcilutite as much as 3 inches in diameter; stylo-
lites, crinoids, and fusulinids rare to common, bryozoans
common, unidentified shell fragments common,

Calcarenite, composed of rounded unidentified pellets; small
vugs rare; crinoids rare.

Calcilutite, bioclastic; stylolites; crinoids and fusulinids rare,
unidentified shell fragments.

Ca.]carenite, oolitic, calcilutite groundmass; drusy vugs; un-
identificd shell fragments,

Calcirudite, fragments of calcarenite and calcirudite in ground-
mass of calcarenite; stylolites; erinoids common, comminuted
lossil debris common.

Calcilutite, biocl.asti.c, 1 foot of calcirudite at base: stylolites,
.sn}aII vugs; crinoids, {usulinids, bryozoans common, Foram-
inifera other than fusulinids rare, unidentified shell frag-
ments common.

Calcarenite, bioclastic; vugs; crinoids common, fusulinids and
other Foraminifera rare, gastropods and brachiopods rare.
Lowermost 6 inches contains a rich fauna of ammonoids.

Calcarenite, bioclastic, scattered oolites; drusy vugs; crinoids
common, ammonoids rare, unidentified shell fragments.

Calcilutite, bioclastic; stylolites; crinoids very common, be-
comes an encrinite in lower 5 fcet; unidentifiable shell frag-
ments common.
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Gencran Crunn Omn Company No. 3 Lanp

(PL 9, well 183)

Location: 467 feet from the south and east lines of sec. 247, blk. 97, Houston and Texas Central survey,
Scurry County.

Elevation: 2460 feet K. B,

Cored interval: 6766.0 to 6874.0 feet subsurface.
Top of reef: 6755 feet subsurface.
Fusulinids of lower Canyon age were found from 6766 to 6870 fect subsurface.

Depths
(feet)
From To
6766.0 6773.5
6713.5 6780.0
6780.0 6786.0
6786.0 6783.0
6788.0 6802.5
6802.5 6805.0
6805.0 6809.0
6809.0 6810.0
6810.0 6812.5
6812.5 6824.5
6824.5 6840.5
6840.5 6848.0
6848.0 63851.5
6851.5 6856.0
6856.0 6856.5
6856.5 6859.5
6859.5 6860.0
6860.0 6865.0
6865.0 6874.0

Available
core
(percent)

?

CORE DESCRIPTION

Description

Calcarenite, contains three beds of calcilutite 1 to 1% feet
thick and at the top a claystone bed 2 inches thick ; stylolites;
calcite-filled vugs rare; crinoids rare to common, brachiopods,
bryozoans, and gastropods rare.

Calcilutite; stylolites, vertical joints, vugs rare; crinoids com-
mon, brachiopods and corals rare.

Calcarenite, contains a calcilutite bed 214 feet thick in middle;
stylolites, crystalline calcite masses as much as 2 mm in
diameter; {fusulinids and crinoids common, bryozoans and
brachiopods rare.

Calcilutite; stylolites, vertical joints, vugs in uppermost part
(mostly leached fossils) ; fusulinids common, crinoids, bryo-
zoans, and Foraminifera other than fusulinids rare.

Calcarenite contains very small amounts of disseminated car-
bonaceous material; stylolites, vertical and oblique joints;
fusulinids and crinoids common, brachiopods (Linoproduc-
tus?), unidentified spines, and bryozoans rare.

Calcarenite, bioclastic; stylolites, joints; fusulinids and un-
identified shell fragments common, brachiopods, crinoids,
and corals rare.

Calcilutite; calcite-filled fissures and vugs common, drusy vugs
rare; fusulinids, unidentified shell fragments, other Foram-
inifera, and brachiopods common.

Calcarenite; stylolites, calcite-filled vugs; crinoids and fusu-
linids common, hryozoans rare.

Calcilutite; stylolites, calcite-filled fissures and vugs; crinoids
common, brachiopods (productid), unidentified fragments,
and bryozoans rare.

Calcarenite, bioclastic, contains two 1-foot calcilutite beds;
stylolites, calcite-filled vugs; fusulinids and crinoids common,
bryozoans rare.

Calcilutite, contains minor thin calcarenite zones; stylolites
rare, calcite-filled fissures and vugs; fusulinids and crinoids
common, other Foraminifera rare.

Calcarenite, bioclastic, stylolites; erinoids and fusulinids com-
mon, brachiopods rare.

Calcarenite and calcilutite intercalated; stylolites, vertical
joints; fusulinids and erinoids common, bryozoans rare.

Calcarenite, bioclastie, contains limestone and claystone frag-
ments; unidentified shell fiagments and fusulinids common.

Claystone, massive, contains disseminated pyrite crystals; un-
fossiliferous.

Calearenite and claystone intercalated, Calcarenite hioclastic,
containg fissures, Claystone contains disseminated pyrite.
Fusulinids rare to common.

Calcarenite, bioclastic, vugs and pinpoint porosity common;
fusulinids and crinoids common, bryozoans rare.

Calcilutite; stylolites; vugs common in upper half where porous
zones alternate with nonporous zones; lower half is dense.
Unidentified shell fragments common, fusulinids, bryozoans,
and crinoids rare.
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Hiawataa O Anp Gas Company No, 1 CARDEN
(PL. 9, well 179)

Location: 1953.4 feet from east line, 1995.6 fcet from south line of sec. 293, blk. 97, Houston and
Texas Central survey, Scurry County.

Elevations: 2452 feet K. B.

Cored interval: 6640.0 to 6728.5 feet subsurface.

Top of reel: 6637 feet subsurface.

Fusulinids from. rocks between 6642 and 6672 feet subsurface are of lower Cisco age; fusulinids
from rocks between 6682 and 6710 feet subsurface are of Canyon age.

CORFE, DESCRIPTION

Depths Available
(feet) core o

From To {percent) Description

6640.0 6648.0 100 Calcarenite, fine to very fine grained; stylolites common in
upper 2 feet; veitical joints rare; fusulinids and bryozoans
rare.

6648.0 6650.5 84 Calcilutite, contains a very fine-grained calcarenite bed 1 foot
thick; unfossiliferous except for rarve fusulinids in hasal 134
feet,

6650.5 6655.0 100 Calcarenite, very fine to fine grained, argillaccous in top and
basal portions; basal 1 foot contains disseminated pyrite
crystals; fusulinids and bryozoans common, Foraminifera
other than fusulinids, crinoids, brachiopods, and gastropods
rare.

6655.0 6656.5 27 Claystone, calcareous, fissile; contains fusain and disseminated

pyrite crystals, hasal portion contains limestone stringers.
Fish plates and brachiopods common, fusulinids, gastropods,
corals, and plant remains (Calamites(?) slem) rare.

6656.5 6659.0 20 Claystone interbedded with very fine-grained calcarenite; clay-
stone is fissile and contains calcarcous fossils; calcarenite
contains caleite-filled vugs and fissures; fusulinids generally
common, but are abundant in basal portion, brachiopods
common, bryozoans, corals, and other I'oraminilera rare.

6659.0 6667.0 60 Calcarenite; finc to very fine grained; contains minor thin
claystonc stiingers in top portion; occasional well-developed
stylolites and calcite-filled fractures; fusulinids common,
brachiopods, bryozoans, and other Foraminifera rare.

6667.0 6673.0 73 Calcarenite, very fine grained; contains a calcilutite bed 114
feet thick near top; pinpoint porosity common 6670-6671;
fusulinids and bryozoans rare to common, unidentificd shell
fragments rarc.

6673.0 6678.0 60 Calcarenite, medium to very fine grained; stylolites; pinpoint
porosity common, developed mostly by leaching of fossils;
fusulinids common, unidentified shell fragments, bryozoans,
crinoids, and other Foraminifera rare.

6678.0 6681.5 69 Calcarenite, very fine to fine grained; small crystalline caleite
masses, vertical joints; pinpoint porosity common; fusulinids
rare,

6681.5 6686.0 93 Calcareuite, fine to very fine grained, vertical joints common;

pinpoint porosity common; fusulinids and unidentified shell
fragments, bryozoans, and crinoids rare.

6686.0 6690.5 71 Calcarenite, fine to very fine grained, contains a calcilutite zone
1 foot thick in center; pinpoint porosity common, leached
stylolites; drusy vugs rare in upper foot; fusnlinids common.

6690.5 6693.5 50 Calcarenite, fine grained, to calcilutite; styloiites, joints, and
calcite-filled fissures common; pinpoint porosity common;
fusulinids common, bryozoans rare.

6693.5 6699.5 85 Calcarenite, very fine grained, stylolites, vertical joints, pinpoint
porosity, and vugs common; fusulinids common to abundant,
brachiopods, and bryozeans rare.

6699.5 6701.0 53 Calcarenite, very fine grained grading into calcilutite; stylolites
common; calcite-filled vugs and fissures; pinpoint porosity
common; fusulinids common.

6701.0 6704.0 ? Calcilutite, grading into very fine-grained calcarenite in top-
most portion; incipient vertical joints; stylolites rarc; fusu-
linids common, crinoids rare.
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6704.0

6710.0
6711.0
6713.0
6718.0

6725.0
6726.0
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6710.0

6711.0
6713.0
6718.0
6725.0

6726.0
6728.5

87

100
100
54
72

100

Calcarenite, fine to very fine giained; incipient vertical joints;
stylolites very common. Fusulinids common, bryozoans and
crinoids rare.

Calcarenite, very fine grained; stylolites abundant, fusulinids
abundant.

Calcilutite, stylolites common; incipient vertical joints; calcite-
filled vugs; fusulinids common, crineids rare.

Calcilutite; stylolites; calcite-filled vugs and fissures common;
fusulinids, crinoids, and fenestellid bryozoans 1are.

Calcilutite; stylolites common, filled with considerable hlack
clay, containing pyrite crystals; pinpoint porosity rare to
common; brachiopods, corals, fusulinids, and crinoids 1are.
(Tusulinids and crinoids are common along stylolites.)

Calcarenite, argillaceous; incipient stylolites abundant; c1inoids
abundant.

Calcilutite in top 6 inches contains calcirudite composed of
crinoid debris and calcarenite fragments in calcilutite matrix.
Calcite-filled vugs and fissuies common; incipient stylolites;
crinoids common, brachiopods and bryozoans rare.

HownoruLy O1. CorporaTION AND Cascapr PrrroLEUM ComMpany No. Y-2 CANNING

(PL. 9, well 192)

Location: 2200 feet from north line, 650 feet from east line of sec. 125, blk. 25, Houston and Texas

Central survey, Scurry County.
Elevation: 2324 feet K. B.
Cored interval: 6653.0 to 6720.0 feet subsurface.
Top of reef: 6645 feet subsurface.

CORLE DESCRIPTION

Depths Available
(feet) core

From To (percent) Description

6653.0 6655.0 ? Calcarenite; incipient oblique joints and incipient stylolites
common; pinpeint poresity and small vugs common; ciinoids
common.

6655.0 6657.5 ? Calcarenite, contains occasional fragments of calcilutite; in-
cipient stylolites rarc; pinpoint porosity and vugs common;
crinoids common, fusulinids rare.

6657.5 6659.0 ? Calcarenite; pinpoint porosity and vugs common; erinoids
common, fusulinids rare.

6559.0 6661.0 ? Calcarenite, fine grained, oolitic; contains oblique joints, stylo-
lites and thin claystone stringers; unfossililerous.

6661.0 6663.0 00

6663.0 6664.5 ? Calcilutite to very fine grained calcarenite; slightly oolitic in
part; incipient vertical joints and claystone stringets com-
mon; crinoids and Foraminifera other than fusulinids com-
mon.

6664.5 6669.0 ? Calcarenite, very fine erained, oolitic; incipient stylolites rare;
crinoids common, Foraminifera other than fusulinids rare.

6669.0 6675.0 ? Calcarenite, very hne grained, oolitic; incipient vertical joints
common; pinpeint poresity abundant, developed laigely in
fossils; crinoids and unideutified shell [ragments common;
fusulinids rare.

6675.0 6676.0 ? Calcarenite, very fine grained, to calcilutite; incipient vertical
joints; Foraminifera other than fusulinids common, c1inoids
rare.

6676.0 6681.5 00

6681.5 6683.0 ? Calcarenite, very fine grained and calcilutite; pinpoint porosity
and drusy vugs common in thin zones; crinoids rare.

6683.0 6687.5 ? Calcilutite and very fine grained oolitic calcarenite; pinpoint
porosity and drusy vugs abundant and largely associated with
vertical fractures and fossil material; unidentified shell frag-
ments comnion.

6687.5 6689.0 ? Calcilutite; incipient vertical joints; pinpoint porosity abun-
dant in certain horizontal zones; unfossiliferous.

6689.0 6694.0 00

6694.0 6697.0 ? Calcarenite, fine to very fine grained, oolitic; incipient vertical

joints, Pinpoint porosity abundant, drusy vugs common;
crinoids and Foraminifera other than fusulinids common,
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6697.0  6701.0 ? Calcilutite and very fine grained calcarenite; pinpoint porosity
and drusy vugs abundant, frequently representing leached
fossil material; vugs commonly contain pyrite crystals;
crinoids are rare, unidentified leached shell lragments com-
mon.

6701.0 6703.0 00 _ ) )

6703.0 6710.5 ? Calcarenite, very fine grained, oolitic; stylolites end in thin
claystonc stringers; crinoids and Foraminilera other than
fusulinids common, unidentified shell fragments rare.

6710.5 6711.5 21 Calcilutite and very fine grained calcarenite; stylolites with
much clay along them; claystone galls common; fusulinids,
other Foraminifera, and ostracods rare.

6711.5 6713.5 00 ) )

67135  6715.0 ? Calcarenite, very fine grained; pinpoint porosity and drusy vugs
abundant; fusulinids and other Foraminifera common, cri-
noids rare.

6715.0 6720.0 ? Calcilutite and very fine grained oolitic calcarenite; pinpoint
porosity; fusulinids and other Foraminilera rare.

Lion O Company No. 45 McLavcnnin
(PL 9, well 193)

Location: 1808 feet from west linc, 1976 feet from notth line of sec. 197, blk. 97, Houston and Texas
Central survey, Scurry County.
Elevation: 2373 feet K. B.
Cored interval: 7316.5 to 7360.0 feet subsurface.
Top of reef: 6607 feet subsurfacc.
Fusulinid data indicate the lollowing herizon is represented in this core: Strawn—-7,326 to 7,336
feet subsurface.

CORL DESCRIPTION

Depths Available
(feet) core
From To (percent) Description
7316.5 7317.5 33 Calcilutite, bioclastic; stylolites; fusulinids.
7317.5 7319.0 00
7319.0 7328.2 92 Calcarcnite, very fine grained, calcilutite lenses; stylolites;
fusulinids.
7328.2 7329.4 100 Calcilutite, stylolites; fusulinids.
7329.4 7334.0 100 Calcarenite, very fine grained, occasional calcilutite lenses,
7334.0 7335.3 00 claystone stiingers; stylolites; fusulinids, crinoids, brachio-
7335.3 7340.1 83 pods.
7340.1 7347.8 84 Cei].ci.](lillite, chert nodules containing fusulinids; stylalites; fusu-
inids.
7347.8 7360.0 100 Calcarenite, very fine grained, calcilutite lenses, bioclastic,

leached: stylolites, vertical joints, some joints are open;
vugular pinpoint porosity; fusulinids, crinoids, and bryozoans.

Monrrx DrirLine Company No. 3 Country CLUB
(P1. 9, well 180)
Location: 3151 [eet from west line and 2946 fect from south line of sec. 178, blk. 3, Houston and

Great Northern survey, Scurry County.
Elevation: 2377 fect K. B.
Cored interval: 6685.0 to 6785.0 feet subsurface.
Top of reef: 6675 feet subsurface.

Fusulinids of Cisco age were found in rocks above 6740 feet subsurface;

i fusulinids of C
age were found in rocks helow 6751 feet subsurface. S anyon

CORY, DESCRIPTION

Depths Available
(feet) core o
From To (percent) Description
6685.0 6689.0 78 Calcarenite, with calcilutite, calcarenite and claystone frag-

ments and claystone stringers; stylolites, vertical and oblique
joints; fusulinids and crineids common.

6689.5 6690.1 83 Calcirudite with calcarenite phenoclasts as much as 4 e¢m in
diameter and claystone fragments; vertical joints; fusulinids
and crinoids common.
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6693.9

6702.2

6703.8
6718.8

6726.4
6729.2

6732.8

6750.9

6754.7

6785.0

89 Calcarcnite, coarse grained, with phenoclasts of very fine
grained calcarenite and calcilutite as much as 15 mm in
diameter, claystone fragments as much as 25 mm in diameter,
claystone stringers; stylolites and vertical joints; fusulinids
and ciinoids common.

81 Calcirudite, with calcilutite and calcarenite phenoclasts as
much as 65 mm in diameter; stylolites; vugular porosity,
drusy calcite in vugs; fusulinids and crinoids common, corals
rare.

69 Calcarenite, very fine grained; stylolites; pinpoint and vugular
porosity, calcite-filled vugs; fusulinids common.
90 Calcirudite, claystone fragments, calcilutite and very fine

grained calcarenite phenoclasts and large ciinoid fragments
in a very fine-grained groundmass, phenoclasts as much as
11 e¢m in diameter; claystonc-coated stylolites; crinoids and
fusulinids common.

00

36 Calcarcnite, very fine grained, with calcilutite lenses as much
as 12.5 ¢m, leached, vugular porosity, some vugs contain drusy
caleite, others are calcite-filled; fusulinids, bryozoans, and
crinoids common.

44 Calcirudite, phenoclasts of calcilutite and very fine-grained
calcarenite as much as 10 cm in diameter; oolite and pisolite
fragments which are leached and filled with caleite.

38 Calcarenite, oolites and pisolites dispersed in calcilutite ground-
mass, oolites and pisolites are leached but occasionally only
groundmass is leached; claystone-coated stylolites, vertical
fractures, vugular porosity, fusulinids and crinoids common.

100 Calcirudite, phenoclasts of calcarenite as much as 26 mm in
diameter, random leaching; stylolites, vertical fracturcs;
vugular porosity; fusulinids and crinoids common,

80 Calcarenite, fine grained, leached; occasional oolites, stylolites,
vertical {ractures; vugular porosity, vugs as much as 12 mm
in diameter, vugs contain drusy dolomite; crinoids and fusu-
linids common.

Montex Drirrine Company No. 2 HarreLL
(PL. 9, well 106)

Location: 467 feet from north and east lines of sec. 15, blk. 1, J, P. Smith survey, Scurry County.

Elevation: 2395 feet K. B.

Cored interval: 6802.0 to 6828.0 feet subsurface.
Top of reef: 6727 feet subsurface.

Depths
(feet)
From To

6802.0 6804.7
6804.7 6805.7
6805.7 6807.0
6807.0 6808.6
6808.6 6809.6
6809.6 6814.0
6814.0 6817.0
6817.0 6822.8
6822.8 6824.5
6824.5 6828.0

CORE DESCRIPTION

Available
core
(percent) Description
60 Calcarenite, coarse grained; stylolites, incipient vertical joints;
crinoids and fusulinids common.
100 ) Calcirudite; composed of calcilutite phenoclasts as much as
00 4 c¢m in diameter in calcarenite matrix; stylolites common
22 especially around phenoclast boundaries and have bituminons
00 claystone concentrated along them; claystone stringers nearly
57 horizontal ; calcite-filled fractuies in phenoclasts end abruptly
00 at contact of phenoclast and mairix; crineids abundant, fusu-
60 Iinids common, brachiopods rare.
00
86 |
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Montex Dritine Company No. 4 HarrriL

(PL. 9, well 188)

Location: 467 feet from south and west lines of sec. 15, blk. 1, J. P. Smith survey, Scurry County.
Elevation: 2401 feet K. B.
Cored interval: 6738.0 to 6825.0 feet subsurface.
Top of reef: 6722 {eet subsurface. ) .

Fusulinid data indicate the following horizons are represented in this core: Cisco—6744 to 6767
feet subsuiface; Canyon—6776 to 6824 feet subsurtace.

CORE DESCRIPTION

Depths Available
(feet) core L
From To (percent) Description
6738.0 6750.0 100 Calcirudite, composed of calcilutite phenoclasts as much as

5 em in diameter in calcilutite matrix; stylolites, thin clay-
stoue stringets, and lenses; crinoids and fusulinids common,
bryozoans and pelecypods rare.

6750.0 6752.5 100 Calcirudite, composed of calcilutite, calcarcnite, and scattered
claystone phenoclasts as much as 4 cm in diameter in cal-
cilutite matrix; stylolites, thin claystone stiingeis, pinpoint
porosity; [usulinids and crinoids common,

6752.5 6758.5 100 Calcirudite, composed of calcilutite and calcarenite phenoclasts
in calcarenite matrix; stylolites; pinpoint porosity; fusulinids
and ecrinoids commion, bryozoans, brachiopods, corals, and
gastropods rare.

6758.5 6761.0 100 Calcarenite, containing a very few calcilutite phenoclasts as
much as 1.5 cm in diameter; stylolites; fusulinids and ciinoids
common, corals rare.

6761.0 6761.0 100 Calcarenite, containing calcarenite phenoclasts as much as
2 em in diameter and occasional claystone and calcilutite
phenoclasts, In a few places phenoclasts are abundant enough
to make the rock calciiudite. Claystone stringers, incipient
stylolites, vertical joints; pinpoint porosity; fusulinids and
brachiopods common, crinoids, bryozoans and gastropods rare.

6767.0 6770.5 83 Calcirudite, composed of calcarenite and calcilutite phenoclasts
as much as 3 cm in diameter in calcarenite matrix; stylolites,
claystone stringers; crinoids and fusulinids common, brachio-
pods rare.

6770.5 6772.0 100 Calcarenite, containing occasional calcilutite and calcarenite
phenoclasts as much as 4 em in diameter; stylolites, claystone
stringers; pinpoint porosity; crinoids and fusulinids common
to abundant.

6772.0 6785.2 96 Calcirudite, composed of calcarenite matrix, calcite-filled frac-
tures in phenoclasts only; claystone stringers, stylolites; pin-
point porosity; crinoids and fusulinids are common, brachio-
pods, bryozoans, and Foraminifera rare.

6785.2 6786.6 100 Calcarenite, fine grained; fossils leached; unidentified shell

fragments abundant, fusulinids common, brachiopods rare.
6786.6 6797.5 91 Calcirudite, composed of calcilutite and calcarenite phenoclasts
6797.5 6788.6 00 in calcarenite matrix; maximum size of phenoclasts varies
6788.6 6821.1 87 from 2.5 cm at the top to 46 cm at the base; stylolites, clay-

stone stringers; crinoids and fusulinids common.

6821.1 6825.0 85 Calcarcnite, fine to medium grained, oolitic; stylolities; con-
siderably leached; fusulinids abundant, unidentified shell
fragments and Foraminilera common, crinoids and bryozoans
rare,
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Montex Drivuine Company No. 4 Jovcn

(P1. 9, well 185)

Location: 467 feet from north line, 702 feet from cast line of sec. 15, blk. 1, J. P. Smith survey, Scurry
County.

Elevation: 2352 feet K. B,

Cored interval: 6731.0 to 6766.5 feet subsurface.
Top of reef: 6730 fecet subsurface.
Rocks between 6735 and 6765 feet subsurface contain fusulinids of Canyon age.

Depths
(feet)
From To
6731.0 6733.0
6733.0 6748.0
6748.0 6759.0
6759.0 6766.5

Available
core
(percent)
?

?

CORL DISCRIPTION

Description

Calcarenite; incipient vertical joints; small drusy vugs; ciinoids
and gastiopods 1ave.

Calchrudite, composed of calcilutite and calcarenite in fine-
grained calcarenite matrix; phenoclasts are as large as 6 em
in diameter; stylolites, claystone stringers, vugs; fusulinids,
crinoids and unidentificd shell fiagments common, hiyozoans
and brachiopods rare.

Calcirndite, composed of calcilutite and calcarenite phenoclasts
as large as 4 cm in diameter in calcavenite matrix; stylolites,
claystone stiingers; vugs in basal 1 foot only; crinoids and
fusulinids common.

Monrex Drivuine Company No. 5 Jover

(PL 9, well 107)

Location: 467 feet from south and west lines of sec. 15, blk. 1, J. P. Smith survey, Scurry County.
Elevation: 2384 feet K. B.
Cored interval: 6743.0 to 6819.0 feet subsurface.
Top of reef: 6734 feet subsurface.

Depths
(feet)
From To
6743.0 6746.2
6746.2 6771.7
6771.7 6781.0
6781.0 6785.0
6785.0 6792.5
6792.5 6793.5
6793.5 6802.0
6802.0 6303.0
6803.0 6812.6
6812.6 6819.0

Available
core
(percent)

66

89

93

100

40
60

00
?

84

63

CORE DESCRIPTION

Desciiption

Calcarenite, coarse grained; sand-sized fragments of calcilutite
and fine-grained calcarenite, claystone stringers; stylolites;
fusulinids common, crinoids and bryozoans rare.

Calcirudite, caleilutite and calcarenite phenoclasts as much as
75 mm in diammeter, claystonc stringers; stylolites; fusulinids
and crinoids common, brachiopods, bryozoans, ostracods, and
corals rare.

Calcaienite, fine grained, with scattercd calcilutite lenses and
claystone stringers; stylolites; fusulinids and crinoids com-
mon, bryozoans, brachiopods, ostracods noted.

Caleirudite, with phenoclasts of caleilutite and calcarenite as
large as 35 mm in diameter; some calcaicenite phenoclasts are
oolitic: stylolites, vertical [ractures, some are open; open-
fissure porosity; fusulinids, crinoids, brachiopods, bryozoans,
corals, and ostracods rarve.

Calcarenite; vertical fractures; fusulinids and bryozoans rare,
crinoids common,

Calcirudite, with phenoclasts of calcilutite and calcarenite as
much as 9 em in diameter; stylolites with claystone coating;
vertical fractures; fusulinids rare, crinoids and hryozoans
occasional,

Calcilutite, leached; oblique {ractures; vugular porosity, some
vigs as much as 12 mm in diameter, some vugs contain drusy
calcite; bryozoans 1are.

Calcarenite, fine to medium grained, claystone stringers,
leached; stylolites; vugular porosity, some vigs have drusy
lining; crinoids and bryozoans rare.

Calcilutite, fine-grained calcarenite lenses, leached; stylolites;
vugular porosity; crinoids and bryozoans rare.
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Moxtex Dricing Company No. 1 PAyNE

(PL 9, well 187)

Location: 467 feet trom west line, 2026.2 feet Irom south line of sec. 179, blk. 3, Houston and Great
Northern survey, Scurry County.
Elevation: 2352 feet K. B.
Cored interval : 6755.0 to 6766.5 feet subsurface.
Top of reef: 6746 feet subsurface.
Fusulinids of Cisco age were found in rocks from 6756 to 6771 feet subsurface.

CORE DFSCRIPTION

Depths Available
{feet) core
From To (percent) Description
6755.0 6762.0 ? Calcirndite, composed of calcilutite and calcarenite phenoclasts
as large as 2 em in diameter in calcarenite matrix; leached
fossils and vugs.
6762.0 6762.5 00
6762.5 6766.5 ? Calcirudite, composed of calcarenite and calcilutite fragments

as large as 2.5 cm in diameter in calcarenite matrix; stylolites,
thin claystone stringers, claystone concentrations around
phenoclast boundaries; fusulinids and crinoids, unidentified
shell fragments, bryozoans, brachiopods, corals, and Foram-
inifera other than fusulinids rare.

MonTex DrirLine Company No. 2 Paync
(PL 9, well 186)

Location: 2651 feet from south line, 467 feet {rom west line of sec. 179, blk. 3, Houston and Great
Northern survey, Scurry County.
Elevation: 2352 feet K. B.
Cored interval: 6744.0 to 6773.3 feet subsurface.
Top of reef: 6744 feet subsurface.
Fusulinids of Cisco age were found in rocks from 6745 1o 6773 {eet subsurface.

CORE DLSCRIPTION

Depths Available
(feet) core
From To (percent) Description
6744.0 6746.0 ? Claystone, containing irregular subordinate lenses of cal-
carenite; amount of calcarenite increases downward, crinoids
common, fusulinids and fish scales rare.
6746.0 6747.0 ? Calcarenite, containing irregular subordinate claystone lenses;
oblique bedding; fusulinids and crinoids common.
6747.0 6748.5 ? Calcarenite, containing scattered phenoclasts of calcilutite as

large as 5 mm in diamcter and of claystone as large as 3 cm

vertical joints; fusulinids and crinoids commeon.

6748.5 6762.2 ? Calcitudite, composed of phenoclasts of calcilutite and cal-
carenite, as large as 5 cm in diameter but averaging 5 mm,
in calcarenite matrix; horizontal claystone stringers; vugs
in lower portion; fusulinids and crinoids common.

6762.2 6762.4 ? Claystone, nonfissile,

6762.4 6762.7 100 Caleitudite, composed of calcarenite and calcilutite fragments
in dark-gray, argillaceous, very fine-grained calcarenite ma-
trix.

6762.7 67173.3 86 Calcirudite, composed of calcarenite and calcilutite phenoclasts

as large as 5 em in diameter in calcarenite matrix. In a few
thin zones phenoclasts are much less abundant than elsewhere
and the rock becomes calearenite with only scattered pheno-
clasts. Stylolites; occasional claystone stiingers; crinoids and
{usulinids common, brachiopods and ¥ oraminifera other than

fusulinids rare.
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Omnro O Company No. 2 Havs
(PL 9, well 96)

Location: 467 feet from north and east lines of the NWL sec. 249, blk. 97, Houston and Texas Central
survey, Scurry County.
Elevation: 2458 feet K. B.
Cored interval: 6631.0 to 6832.9 feet subsurface.
Top of reef: 6595 feet subsurface.
Fusulinids of Cisco age were found in rocks between 6332 and 6755 feet subsurface, Fusulinids
of Canyon age were found in rocks between 6810 and 6826 feet subsurface.

CORE DESCRIPTION

Depths Available
(feet) core
From To (percent) Desciiption
6631.0 6631.6 100 Calcirudite containing calcilutite phenoclasts as much as 4 em

in diameter in calcarenite matrix; stylolites with black clay-
stone coating, small vertical I[ractures; vugular porosity;
fusulinids and crinoids rare.

6631.6 6633.6 100 Caleilutite with calcarenite lenses; stylolites with black clay-
stone coating, vertical fractures filled or partially filled with
crystalline calcite; vugular porosity; fusulinids, crinoids,
brachiopods, and corals rare.

6633.6 6634.0 55 Calcirudite, calcilutite phenoclasts as much as 15 mm Jong in
a matrix of calcarenite; stylolites with black claystone coat-
ing; corals common, crinoids rare.

6634.0 6635.0 100 Calcarenite, vertical fractures partially filled with black clay-
stone or bituminous material and crystalline calcite; Foram-
inifera other than fusulinids common, crinoids, corals, and
brachiopods rare.

6635.0 6635.6 100 Calcirudite, calcilutite phenoclasts as much as 4 ¢ long, largest
fragment is oolitic; stylolites, vertical, horizontal, and oblique
fractures; some black claystone or bituminous material in
fractures; vugular porosity; crinoids, Foraminifera other than
fusulinids, fusulinids, bryozoans, brachiopods, and corals rare.

6635.6 6642.5 58 Calcilutite, with megascopic shell fragments which are em-
bedded in translucent calcite from 6637.5-6642.5 feet; sty-
lolites, vertical and oblique fractures, some partially and
others completely filled with crystalline calcite; vugular and
open-fissure porosity; crinoids common, corals, fusulinids,
bryozoans, and brachiopods rare,

6642.5 6644.5 100 Calcirudite, phenoclasts of calcilutite, oolites, and calcarenite
as much as 8 em in diameter; stylolites, vertical and oblique
fractures, some are calcite-filled, others are open; vugular
and open-fracture porosity; crinoids rare to common, fusu-
linids, corals, brachiopods, gastropods, and Foraminifera
other than fusulinids rare.

6644.5 6645.0 100 Calcarenite, contains patches of crystalline calcite; irregular
fractures; vugular porosity; Foraminifera, crinoids, and
corals rare.

6645.0 6645.5 100 Calcilutite, small patch of calcarenite; stylolites, vertical frac-
tures, open-fracture porosity; crinoids, corals, gastropods,
and fusulinids rare.

6645.5 6646.0 100 Calcirudite with calcilutitc phenoclasts; stylolites hetween
phenoclasts, vertical fractures, some contain black claystone;
fusulinids common, Foraminifera other than fusulinids, cri-
noids, and corals rare.

6646.0 6647.7 58 Calcarenite, stylolites, vertical fractures; vugular aund open-
fracture porosity; corals, erinoids, ostracods, and Foraminif-
era rare,

60477  6648.2 100 Calcilutite, stylolites, vertical fractures, some contain brown

clayey material, vugular and open-fracture porosity; corals,
Foraminifera, crinoids rare.

6648.2 6649.5 77 Calcirudite with calcilutite phenoclasts as much as 8 em long;
stylolites, vertical fractures; vugular and open-fracture po-
rosity; crinoids, corals, ostracods, fusulinids, and Foraminif-
era other than fusulinids rare.

6649 5 6650.3 100 Calcilutite, patches of clear crystalline calcite; open oblique
fractures, vertical fractures filled with calcite; Foraminifera,
corals, and crinoids rare.



6650.3

6650.8

6653.4

6657.4

6659.1

6659.8

6661.5

6661.8
6662.0

6667.1

6670.0
6670.5

6671.5

6675.4

6675.8
6676.2

6678.5

6679.1

6650.8

6653.4

6657.4

6659.1

6659.8

6661.5

6661.8

6662.0
6667.1

6670.0

6670.5
6671.5

6675.4

6675.8

6676.2
6678.5

6679.1

6681.7

Late Paleozoic Horseshoe Atoll, West Texas 87

100

100

100

100

100

100

100

93

100
73

100

100

100

100

100

100

Calcirudite, calcilutite phenoclasts as much as 8 cm ang; s%ylo-
lites containing pyrite; fractures with no general orientation;

crinoids, bryozoans, and Foraminifera rare. ‘

Calcilutite, cement from 6652.6-6653.4 {eet is crystalline calcite;
stylolites contain pyrite, vertical, oblique, and horiz_ont'al frac-
tures, some are open, others are calcite-filled; crinoids, Fo-
raminifera other than fusulinids common, brachiopods, fusu-
linids, bryozoans, and corals rare.

Calcarenite, medium to coarse grained with occasional pheno-
clasts of calcilutite as much as 3 cm long; stylolites; hori-
zontal, oblique, and vertical fractures; some vertical fractures
are filled with crystalline calcite; crinoids common, ostracods
and bryozoans rare.

Encrinite.

Calcirudite, phenoclasts of calcilutite, top half is calcarenite as
above; stylolites; horizontal and vertical fractures, vertical
fractures are caleite-filled; crinoids common, fusulinids and
other Foraminifera rare.

Calcarenite, coarse grained with scattercd calcilutite pheno-
clasts, 40 percent of the phenoclasts are 72 mm ; large crinoid
fragments common; stylolites; horizontal, oblique, and verti-
cal fractures, oblique fractures filled with calcite; crinoids
common, bryozoans, brachiopods, and corals rare.

Calcirudite; calcilutite phenoclasts as much as 4 cm long; stylo-
lites; horizontal and vertical fractures, some of which are
filled with calcite; crinoids common, brachiopods rare.

Calcilutite; stylolites; horizontal and vertical fractures; crinoids
commeon, brachiopods rare.

Calcarenite, coarse grained with lime mud matrix, 10 to 30
percent consists of pheunoclasts coarser than 2 mm some of
which are as much as 6 cm long; stylolites; horizontal, ob-
lique, and vertical {ractures, vugnlar porosity, some vugs have
drusy caleite lining; crinoids common, brachiopods, corals,
bryozoans, and fusulinids rare.

Calcirudite; calcarenite and calcilutite phenoclasts as much as
8 cm long in a lime mud matrix ; stylolites; oblique and verti-
cal fractures, some are open; vugular and open-fracture po-
rosity; crinoids common, brachiopods, fusulinids, corals, and
bryozoans rare.

Calcarenite, coarse grained, occasional phenoclasts; horizontal
fractures; crinoids common, fusulinids and coials rare.

Calcirudite with calcarenite and caleilutite phenoclasts as
much as 5 cm long in a calcilutite matrix; stylolites; vertical,
oblique, and horizontal fractures; vugular porosity; crinoids
common, ostracods, corals, fusulinids, and Foraminifera other
than fusulinids rare.

Calcarenite, coarse to fine grained and calcirudite with pheno-
clasts of fine-grained calcarenite as much as 5 em long; stylo-
lites; horizontal and vertical fractures; vugular porosity,
some vugs coniain drusy calcite; crinoids common, Fora-
minifera other than fusulinids rare.

Calcirndite with caleilutite and calcarenite phenoclasts as much
as 6 mm long in a fine-grained calcarenite matrix; stylolites;
vugular porosity; brachiopods common, crinoids, fusulinids,
Foraminifera other than fusulinids, and corals rare.

Calcarenite, coarse grained to fine grained; stylolites; crinoids
common, fusulinids and brachiopods rare.

Caleirndite with calcarenite and calcilutite phenoclasts as mnch
as 6 cm long; stylolites with black claystone coating, stylolites
along fragment boundaries, vertical fractures; vugular po-
rosity; crinoids, corals, ostracods, fusulinids, and Foraminif-
era other than fusulinids rare.

Calcarenite, coarse grained, and calcirudite composed of pheno-
clasts as much as 6 mm in diameter; vertical fractures;
vugular porosity; crinoids, fusulinids, corals, and Foraminif-
cra other than fusulinids rare,

Caleilutite with calcarenite lenses which constitute ahout 45
percent of core; stylolites, vertical [ractures, some are open;
vugular and open-fracture porosity; corals, fusulinids, and
crinoids rare.
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Caleirudite with phenoclasts of calcilutite and fine-grained cal-
carenite as much as 5 cm long; stylolites; vugular porosity;
crinoids, brachiopods, Foraminifera rare,

Calcarenite, very fine grained; stylolites, vertical fractures;
vugular porosity; crinoids, fusulinids, corals, and bryozoans
rare.

Calcirudite with phenoclasts of calcilutite and calcarenite (some
with crystalline calcite cement) as much as 8 cm long; stylo-
lites, vugs, vertical and horizontal fractures, vertical fractures
open; fusulinids and crinoids rare.

Calcarenite, very fine to fine grained, 35 percent of grains
coarser than 2 mm, phenoclasts of calcilutite as much as
12 mm in diameter; stylolites, fissures, horizontal fractures;
vugular porosity.

Caleirudite, phenoclasts as much as 3 cm long in matrix of
fine-grained calcarenite; stylolites, vertical fractures; vugular
porosity; fusulinids and erinoids rare.

Calearenite, fine to coarse grained, occasional phenoclasts as
much as 5 em in diameter; stylolites; vertical, oblique, and
horizontal fractures, some open, some calcite-hlled; vugular
and open-dracture porosity, some vugs are calecite-filled;
crinoids occasional to common, fusulinids, Foraminifera other
than fusulinids, corals, ostracods, bryozoans, and brachiopods
rare to occasional.

Calcirudite, calcarenite phenoclasts as much as 8 cm long;
stylolites; crinoids very common, fusulinids rare.

Calcarenite, fine grained; stylolites; calcite-filled vugs, crinoids,
fusulinids, and brachiopods rare.

Calcilutite with phenoclasts at 6719.4-6719.7 feet; phenoclasts
of calcilutite as much as 6 ¢cm in diameter at 6719.3-6719.7
feet; stylolites coated with reddish-brown claystone, vertical,
horizontal, and oblique joints and irregular fractures, some
fractures are open, some are calcite-filled; crinoids, ostracods,
bryozoans, corals, Foraminifera other than fusulinids, and
brachiopods rare.

Calcilutite, approaching very fine-grained calcarenite, with thin
calcarenite lenses; stylolites with coating of black claystone,
irregular fractures; some calcite-filled; fractures and vugs;
crinoids, Foraminifera other than fusulinids, corals, brachio-
pods, ostracods, and fusulinids rare,

Calcarenite generally very fine to fine grained but with occa-
sional coarse material and oolites; stylolites coated with
black claystone, irregular fractures and vertical joints, some
open, some filled with calcite; others have drusy lining; open-
fissure and vugular porosity; crinoids, fusulinids, corals,
brachiopods rare.

Calcilutite, approaches a very fine-grained calcarenite, stylolites
coated with black claystone; vertical, horizontal, and irregu-
lar fractures, fissures; calcite-filled fractures and fissures;
fusulinids and brachiopods common, crinoids, ostracods, and
corals rare,

Calcarenite, very fine to fine grained, grayish-white chert layer
at 6756.5 feet, bluish-white bands of chert containing small
pyrite particles at 6756.7 feet; stylolites with black claystone
coating, chert bounded by stylolite, vertical and horizontal
fractures; crinoids, fusulinids, and brachiopods rare.

Chert with calcilutite as a minor constituent; numerous frac-
tures and fissures; fusulinids and crinoids rare.

Calcarenite, very fine grained, bluish-white chert layer 12 mm
thick at base of core; stylolite with black claystone coating,
small amount of bluish-white chert around stylolite; brachio-
pods and fusulinids common, crinoids rare.

Calcilutite, chert band 25 mm wide near top of zone, stylolites
with claystone coating; fusulinids common, crinoids rare.

Calcirudite with calcilutite matrix, partly silicified; stylolites;
fusulinids rare.

Calcirudite, band of chert 12 mm thick; stylolites; fusulinids

and crinoids rare,
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Calcarenite, very fine grained; stylolites, conchoidal fracture;
fusulinids and crinoids common, hryozoans rare.

Calcarenite, coarse grained, crinoidal; stylolites, vertical frac-
tures.

Calcarenite, medium to coarse grained; stylolites; fusulinids
common, crinoids rare.

Calcarenite, fine to medium grained; stylolites; pinpoint and
vugular porosity; crinoids, Tusulinids, and corals rare.

Calcirudite, fossil fragments in a groundmass of fine- to medium-
grained calcarenite; stylolites; pinpoint porosity; fusulinids
common, crinoids and bryozoans rare.

Calcarenite, coarse grained; stylolites; pinpoint porosity; fusu-
linids and crinoids common, bryozoans and brachiopods rare.

Calcirudite to medium-grained calcarenite; branching stylo-
lites; crinoids abundant.

Calcarenite, fine to coarse grained; stylolites, vugs filled with
crystalline calcite; crinoids common.

Calcarenite, medium grained, a band of chert 18 mm thick at
6798.5 feet; stylolites, some have claystone coating which
rarely contains pyrite, chert along stylalite at 6803.0 feet;
incipient vertical fractures; crinoids and fusulinids common,
ostracods, bryozeans rare.

Calcarenite, fine grained, patches of chert as much as 1.2 em
in diameter at 6815.5, 6817.0, and 6821.2 feet; stylolites;
fusulinids and Foraminifera other than fusulinids rare.

Calcarenite, medium grained, large patches of chert as much as
5 cm long at 6821.2 feet; stylolites, incipient vertical {rac-
tures; crinoids and fusulinids rare.

Calcirudite, large crinoid fragments are phenoclasts in a
medium-grained calcarenite groundmass; stylolites; crinoids,
fusulinids, and Foraminifera other than fusulinids common.

Pan-Amrerican Propucing Comrany No. 2 Davis

(PL 9, well 98)

Location: 467 feet {rom the north and east lines of sec. 249, blk. 97, Houston and Texas Central survey,
Scurry County.

Elevation: 2446 fect K. B.

Cored interval : 6584.0 to 6808.0 feet subsurface.

Top of reef: 6562 feet subsurface.

Fusulinids of Wolfcamp age were found in rocks between 6609 and 6785 feet subsurface. Fusulinids
of Cisco age were found at 6808 feet subsurlace.

Depths
{feet)
From To
6584.0 6585.4
6585.4 6614.0
6614.0 6615.6
6615.6 6616.0
6616.0 6621.0
6621.0 6624.6
6624.6 66217.0
6627.0 6630.7
6630.7 6632.0

Available

core

(percent)

57

58

CORT: DT'SCRIPTION

Description

Calcirudite, composed of calcilutite phenoclasts as much as 2
cm in diameter in a matrix of calcarenite, claystone stringers,
leached; vertical joints with claystone filling; vugular po-
rosity, vugs as much as 5 mm in diameter.

Calcilutite, calcarenite zones, leached, occasional angular cal-
carenite phenoclasts as much as 3 c¢m in diameter, claystone
bands 5 mm thick; stylolites, vertical joints, some joints open;
vugular and open-joint porosity, many vugs contain drusy
calcite and bituminous claystone filling, vugs as much as 6 em
in diameter; crinoids and brachiopods rare to abundant,
corals, gastropods, and bryozoans rare.

Calcarenite, leached; bryozoans common.

Calcilutite, calcarenite-claystone zones as much as 3 mm thick,
leached; stylolites, calcite-filled, oblique and vertical joints;
drusy calcite in vugs, vugs as much as 4 mm in diameter.

Calcarenite, leached, contains calcilutite lenses; stylolites, verti-
cal joints filled with calcite and bituminous material ; vugular
porosity, drusy caleite in vugs; crinoids common, brachiopods
rare.
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Calcilutite with calcarenite lenses; stylolites, vertical joints;
crinoids very common, brachiopods common.

Calcarenite, very fine grained with calcilutite lenses, leached;
stylolites, oblique joints; vugs with drusy calcite; crinoids
common, fusulinids and brachiopods rare.

Calcilutite, leached; vertical joints, some calcite-filled; vugular
porosity, drusy calcite in vugs.

Calcarenite, containing calcilutite lenses as much as 1 foot
thick, leached, clay-coated stylolites, oblique and vertical
joints; vugular porosity, some vugs contain drusy calcite;
crinoids common to very common.

Calcilutite, vertical joints; vugular porosity, some vugs contain
drusy calcite; crinoids and brachiopods common, corals and
bryozoans rare.

Calcarenite, bioclastic, leached, one greenish-gray claystone
phenoclast noted; stylolites, vertical joints; vugs as much as
4 cm in diameter containing drusy calcite and dolomite;
crinoids common to very common, hrachiopods and bryozoans
rare to common, corals, fusulinids, and gastropods rare.

Calcirudite, leached, contains phenoclasts as much as 4 cm in
diameter, calcite-filled fissure; drusy vugs; crinoids common,
fusulinids and bryozoans rare.

Calcarenite, fine to medium grained, bioclastic, with calcilutite
lenses as much as 5 inches thick; stylolites, vertical joints;
vugs with drusy calcite; crinoids common, bryozoans, brachio-
pods, and fusulinids rare.

Calcirudite with subangular phenoclasts of calcarenite and
calcilutite; stylolites, calcite-filled vertical and oblique joints;
vugular porosity; crinoids common, brachiopods rare.

Calcilutite; stylolites, calcite-filled oblique fissures; vugs as
much as 1.5 ¢cm in diameter with drusy calcite; crinoids and
bryozoans rare.

Calcarenite, leached; stylolites, vertical joints; claystane-filled
cavities; crinoids and bryozoans common.

Calcilutite, leached; claystone-coated stylolites; crinoids.

Calcirudite, leached; calcilutite phenoclasts as much as 2.5 cm
in diameter; stylolites; vugs as much as 2.5 cm in diameter,
containing drusy dolomite crystals; brachiopods common.

Calcilutite, rounded to subrounded calcilutite phenoclasts, fine-
grained calcarenite lenses, leached; stylolites, vertical joints;
vugs with drusy calcite; crinoids common to abundant, bryo-
zoans and brachiopods rare.

Calcirudite, subrounded phenoclasts ol calcilutite and eal-
carenite; stylolites, vertical joints with calcite filling; crinoids
common to very common, brachiopods rare.

Calcilutite; calcite-filled vertical and oblique joints; fusulinids,
crinoids, and brachiopods rare.

Calcarenite, coarse grained; stylolites, vertical joints, some
joints are calcite-filled, others have a drusy calcite veneer;
vugs as much as 3 mm in diameter; crinoids very common,
brachiopods and corals raie.

Calcilutite, vertical joints, bituminous claystone (?) filling in
joints; vugs as much as 5 cm with drusy calcite and bitumi-
nous claystone (7) fillings; crinoids common to very common,
fusulinids, brachiopods, bryozoans, and corals rare.

Calcarenite, fine to coarse grained, leached, earthy, occasional
calcilutite phenoclasts as much as 4 mm in diamcter and
claystone fragments; pinpoint and vugular porosity; drusy
calcite in vugs; crinoids common to very common, fusulinids
common, brachiopods rare.

Calcirudite, phenoclasts of cearse crinoidal debris in a very
fine-grained calcarenite matrix, leached; pinpoint porosity;
fusulinids and crinoids common, bryozoans occasional.

Calcarenite, very fine grained, occasional angular caleilutite
phenoclast, leached, earthy; stylolites; pinpoint and.vugular
porosity; crinoids common to very common, fusulinids com-

mon, hryozoans rare.
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PaiLLips PerroLeum ComraNy No. 4 MEBANE
(PL 9, well 194)

Location: 467 feet from north and west lines of sec. 210, blk. 97, Houston and Texas Central survey,
Scurry County.
FElevation: 2444 feet K. B.
Cored interval: 6699.0 1o 6928.0 feet subsurface.
Top of reef: 6681 {eet subsurface.
Fusulinid data indicate the following horizons are represented in this core: Cisco—6713 to 6784 feet
subsurface; Canyon—6806 to 6925 feet subsurface.

CORE DESCRIPTION

Depths Available
{feet) core

From To (percent) Description

6690.0 6699.4 100 Calcarenite, bioclastic; stylolites, fractures; leached along
fractures; crinoid fragments.

6699.4  6719.5 99 Calcirudite, calcilutite phenoclasts in calcilutite matrix; Jeached
stylolites, vertical fractures; pinpoint porosity and leaching
along fractures; crinoids and fusulinids rare.

6719.5 6721.0 100 Calcilutite, bioclastic; leached stylolites.

6721.0 6722,5 100 Calecarenite, hioclastic; stylolites; crinoids rare.

6722.5 6725.5 100 Calcirudite, phenoclasts of calcarenite and calcilutite, stylolitic
contacts between phenoclasts.

6725.5 6736.0 100 Calcarenite, bioclastic, leached; stylolites; vugular and pin-
point porosity; fusulinids abundant in zones, crinoids.

6736.0 6738.0 00

6738.0 6744.0 100 Calcilutite, bioclastic; stylolites; vugular and pinpoint porosity;
fusulinids rare.

6744.0 6753.0 100 Calcarenite, bioclastic, leached; stylolites; pinpoint and vugular
porosity; fusulinids.

6753.0 6754.5 100 Calcirudite, stylolitic contacts between phenoclasts.

6754.5 6756.0 100 Calcilutite, bioclastic; lenses of calcarenite, incipient stylolites.

6756.0 6759.0 100 Calcirudite, slightly leached; stylolites; pinpoint porosity.

6759.0 6762.0 100 Calcilutite, bioclastic; stylolites; pinpoint porosity; fusulinids.

6762.0 6763.5 100 Calcirudite, stylolitic contacts between phenoclasts; stylolites.

6763.5 6769.5 100 Calcilutite, bioclastic with interbedded calcarenite; stylolites;
fusulinids and crinoids.

6769.5 6771.0 100 Calcirudite, stylolitic contacts between phenoclasts.

6771.0 6784.5 100 Calcilutite, bioclastic; stylolites; pinpoint poresity; fusulinids
and crinoids.

6784.5 6793.5 100 Calcarenite, bioclastic; calcilutite lenses; stylolites; pinpoint
and vugular poresity; crinoids.

6793.5 6799.5 100 Calci_x;ildite, stylolites, some stylolitic control of leaching; cri-
noids.

6799.5 6804.0 100 Calcilutite, stylolites, stylolitic control of leaching; pinpoint
porosity.

6804.0 6805.5 100 Calcirudite, calcilutite phenoclasts in a caleilutite matrix; stylo-
lites, filled fissures; crinoids, coral and shell fragments.

6805.5 6813.0 100 Calearenite, very fine grained, bioclastic with calcilutite lenses
and occasional calcilutite phenoclasts; stylolites, fissures en-
larged by leaching; pinpoint porosity; fusulinids, crinoids,
bryozoans, and coral.

6813.0 6816.0 57 Calc_iluti(;e, bioclastic; stylolites, vertical joints; fusulinids and
crinoids,

6816.0 6823.5 100 Calcirudite, calcilutite phenoclasts as much as 5 cm in diameter

in a matrix of very fine-grained calcarenite, stylolitic contacts
between phenoclasts, argillaceous zones; stylolites, vertical
joints; crinoids, fusulinids, and brachiopods.

6823.5 6827.5 100 Calcarenite, with very fine-grained argillaceous bands; stylo-
lites, vertical joints; fusulinids, other Foraminifera, and
shell fragments,

6827.5 6859.0 100 Calcilutite, hioclastic; calcarenite lenses as much as 1.5 inches
thick and argillaceous bands; claystonc stringers 1 inch
thick; stylolites, vertical joints, calcite-filled fissures; fusu-
linids very common; crinoids, brachiopods, and shell frag-
ments.

6859.0 6867.5 100 Calcarenite, bioclastic, leached; stylolites, vertical joints; pin-
point porosity; fusulinids very common, crinoids and shell
fragments common.
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6867.5 6891.0 100 Caleirudite, calcilutite phenoclasts in a calcilutite matrix; stylo-
lites, vertical joints, calcite-filled fissures; occasional small
open fissures, pinpoint porosity; fusulinids, crinoids, and
shell fragments common and brachiopods rare.

6891.0 6901.5 ? Calcilutite, leached, with very fine-grained calcarenite lenses;
stylolites, vertical joints, some open fissures, calcite-filled
fissures; pinpoint and vugular porosity, vugs as much as 4
mm in diameter; crinoids are common and shell {ragments
occasional.

6901.5 6910.5 100 Calcarenite, leached; stylolites, vertical joints, some open

fissures; pinpoint porosity; fusulinids very common, crinoids

and shell fragments common,

6910.5 6918.0 100 Calcilutite, with argillaceous bands, contains a few large cal-
6918.0 6919.5 00 cilutite phenoclasts and claystone stringers; claystone-coated
6919.5 6928.0 100 stylolites, vertical joints, open fissures, some enlarged by

leaching; fusulinids, shell fragments, and crinoids occasional
to common, bryozoans scattered.

Sun O Company No. 1 Brice
(Pl. 9, well 177)
Location: 467 feet from north and west lines of Sl% sec. 392, blk. 97, Houston and Texas Central
survey, Scurry County.

Elevation: 2439 feet subsurface.
Cored interval: 6586.0 to 6687.0 feet subsurface.
Top of reef: 6558 feet subsurface.

Fusulinids of Wolfcamp age and reworked fusulinids of Canyon age were found throughout this core.

CORE DESCRIPTION

Depths Available
(feet) core
From To (percent) Description
6586.0 6619.0 79 Calcarenite, fine to medium grained, bioclastic, angular cal-

cilutite, slightly leached phenoclast 4 ¢m in diameter; clay-
coated stylolites, vertical joints; calcite-filled fissures; pin-
point and vugular porosity, some vugs have drusy calcite,
vug diameter as much as 2 em; crinoids common, fusulinids,
brachiopods, and bryozoans; trilobites rare.

6619.0 6649.0 76 Calcilutite, claystone stringers 1 mm thick, bioclastic, leached,
earthy; stylolites, vertical joints, some joints enlarged by
Jeaching; vugular, pinpoint and open-joint porosity, some
vugs are 4 em in diameter and are lined with drusy calcite;
crinoids common and fusulinids and brachiopods rare.

6648.0 6663.0 49 Calcarenite, very fine to medium grained, bioclastic, bioclastic
calcilutitc zones as much as 1 foot thick, leached, earthy
appearance, shaly lime zone 4 cm thick; finely vugular;
crinoids very common,

6663.0 6675.0 62 Calcilutite, bioclastic, many branching claystone stringers, very
fine-grained calcarenite lenses as thick as half an inch, partly
leached, earthy; vertical joints, some enlarged by leaching;
viogular and open-joint porosity, vugs as large as 2 cm in
diameter; crinoids.

6675.0 6637.0 58 Calcarenite, fine to medium grained, bioclastic, leached, earthy;
incipient vertical joints, some enlarged by leaching; vugular
and open-joint porosity, vugs as above; crinoids are common.
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Sun O1. CompaNY No. 10 BrIcE
(PL 9, well 64)

Location: 2173 feet from north line, 660 feet from east line of sec. 385, blk. 97, Houston and Texas
Central survey, Scurry County.

Elevation: 2499 feet K. B.

Cored interval: 6950.0 to 7456.0 feet subsurface.

Top of reef: 6930 feet subsurface.

CORE DESCRIPTION

Depths Available
(feet) core

From To (percent) Description

6950.0 6965.0 72 Calcarenite, fine to medium grained, calcilutite lenses less than
3 feet thick, leached; incipient stylolites with bituminous or
claystone coating; vugular porosity, some vugs contain drusy
calcite; crinoids, bryozoans, brachiopods, and [usulinids very
common near base.

6965.0 6968.0 00

6968.0 6974.0 42 Calcilutite, bioclastic; incipient stylolites with claystone or
bituminous coating; vugular and pinpoint porosity, vugs as
much as 1 mm in diameter; fusulinids, erinoids, bryozoans,
and brachiopods.

6974.0 6976.0 00

6976.0 6985.0 73 Calcarenite; fine to medium grained, occasional angular pheno-
clast of calcilutite as much as 2 cm in diameter, shaly lime-
stone zone 0.4 fect thick at 6982 fcet, leached, earthy in spots;
stylolites; vugular and pinpoint porosity, vugs as much as
1 mm in diameter; crinoids, fusulinids, and brachiopods.

6985.0 7007.0 00

7007.0 7025.0 62 Calcarenite, very fine to medium grained; stylolites, with clay-
stone or bituminous coating, some leaching along stylolites,
vertical joints, open fissures, some fissures have 1-2 mm
opening; pinpoint, vugular, and open-fissure porosity, vugs
as much as 1 em in diameter; crinoids and fusulinids.

7025.0 73710 00

73710 7386.0 59 Calcarenite, very fine grained, leached, earthy; stylolites, vugu-
lar porosity, vugs as much as 2 cm in diameter; crinoids,
bryozoans, gastropods, and echinoid spines.

7386.0 7389.0 00

7389.0 7395.0 55 Calecarenite, as at 7377 to 7386 feet.

7395.0 7423.0 00

7423.0 7432.0 65 Calcilutite, fragmental material leached, matrix not leached;
dark-gray chert lenses, claystone layers, leached, earthy; stylo-
lites; vugular poresity; vugs as much as 2 mm in diameter;
crinoids, bryozoans, and brachiopods.

7432.0 7437.0 80 Calcarenite; vertical joints; vugular porosity, vugs as much as
5 mm in diameter; crinoids.

7437.0 7438.0 00

7438.0 7456.0 52 Calcarenite, contains occasional calcilutite and calearenite

y.)henoclasts, claystone layers 0.4 feet thick at 7453 fect; stylo-
lites, vertical joints; vugular porosity, vugs as much as 5
mm in diameter; crinoids, brachiopods, and fusulinids.
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Sun O Company No. 1 Fenton

(PL 9, well 122)

Location: 1998 feet [rom north line, 660 feet from west line of sec. 194, blk. 97, Houston and Texas
Central survey, Scurry County.

Elevation: 2344 feet K. B.

Cored interval: 6612.0 to 6698.0 feet subsurface.
Top of reef: 6593 fect subsurface.
Fusulinids of Canyon age occur between 6625 and 6644 feet subsurface.

Depths
(feet)

From To

6612.0 6648.0
6648.0 6666.0
6666.0 6669.0
6669.0 6675.0
6675.0 6687.0
6687.0 6690.0
6690.0 6698.0

Available

core
(percent)

CORE DESCRIPTION

Description

Calcilutite, slightly leached, thin calcarenite layers as much
as 1 foot thick, occasional subangular to subrounded ecal-
cilutite phenoclasts as much as 2 ecm in diameter; occasional
ramifying claystone stringers as much as 114 inch thick;
stylolites with claystone coating, well-developed oblique and
vertical joints, some joints are open; vugular, pinpoint, and
open-joint porosity; fusulinids and crinoids common, biachie-
pods and bryozoans rare.

Sun O1r. Company No. 1 Rosexprre

(PL. 9, well 118)

Location: 660 feet from north line and 330 feet from west line of the N1 see. 195, blk. 97, Houston and
Texas Central survey, Scurry County.

Elevation: 2404 feet K. B.
Cored interval: 6779.0 to 6817.0 feet subsurface.
Top of reef: 6758 feet subsurface.

Fusulinids of early Cisco age were faund in rocks from 6782 to 6809 feet subsurface.

Depths
(feet)
From To
6779.0 6782.0
6782.0 6785.0
6785.0 6800.0
6800.0 6803.0
6803.0 6809.0
6809.0 6817.0

Available

core
{percent)

33
60
66

93
00

CORL DESCRIPTION

Description

Calcarenite, very fine grained; slightly leached; stylolites;
vugular porosity; fusulinids common,

Calcilutite, debris leached; stylolites, vertical joints; pinpoint
and vogular porosity; fusulinids,

Calcarenite, fine to medium grained; stylolites, incipient verti-
cal joints; fissures, joints, and fissurcs enlarged by leaching;
vugular, open-joint, and open-fissure porosity; fusulinids com-
mon, bryozouns.

Calcilutite and very fine-grained calcarenite; stylolites; fusu-
linids common.

Calcilutite, incipient stylolites, incipient vertical joints; fusu-
linids rare to occasional.
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WiLsuire OiL Company No, 8 LUNSFORD

(PL. 9, well 90)

Location: 467 feet from north and west lines, sec. 253, blk. 97, Houston and Texas Central survey,
Scurry County.

Elevation: 2451 feet K. B.
Cored interval: 6741 to 6945 fect subsurface.

Top of reef: 6789 feet subsurface.
Fusulinid data indicate the [ollowing horizons are represented in this core: Wolfcamp—6740 to

6875 feet subsurface; Cisco or Canyon—bclow 6875 feet subsurface.

CORE DESCRIPTION

Depths Available
(feet) core
From To {percent) Description
6741.0 6762.0 95 Claystone, slightly limy; tough, breaks down readily; pyrite
casts of fossils; conodonts, orbiculoids, echinoid spines, fish
scales, brachiopods, cephalopods, and pelecypods.
6762.0 6796.0 6 Calcirudite, angular phenoclasts, claystone lenses; crinoids,
fusulinids, and brachiopods common.
6796.0 6805.5 100 Calcarenite, medium to coarse grained, coarse crinoid frag-

ments, claystone lenses; fusulinids and corals rare, crinoids
and brachiopods common.

6308.5 6811.0 100 Calcirudite, phenoclasts ol calcilutite and calcarenite as much
as 114 inches in diameter, claystone stringers Y4 inch thick;
{usulinids and crinoids commeon, corals rare.

6811.0 6815.0 100 Calcarenite, fine to coarse grained, slightly argillaceous, occa-
sional phenoclasts, claystone lenses and stringers, claystone
fragments; crinoids, fusulinids, bryozoans, and corals occa-

sional.

6815.0 6816.0 60 Calcirudite, phenoclasts as much as 1 inch in diameter in a
calcilutite matrix,

6816.0 6820.4 100 Calcarenite, medium to coarse grained; silica in irregular
masses, claystone lenses, occasional phenoclasts; crinoids
common,

6820.4 6821.0 100 Caleirudite, as at 6815.0-6816.0 feet.

6821.0 6826.0 94 Claystone with calcavenite lenses; crinoids common, hrachio-
pods and spines occasional.

6826.0 6827.0 100 Calcirudite, phenoclasts as mnch as 3 inches in diameter; cal-

carenite lens; fissures (illed with calcite; corals, fusulinids,
and crinoids occasional.

6827.0 6844.0 ? Calcarenite, medium to coarse grained; stylolites; erinoids
common, fusulinids and brachiopods occasional.

6844.0 6875.0 00

6875.0 6945.5 ? Calcarenite with calcilutite lenses; stylolites, vertical fractures;
vagular and pinpoint porosity; crinoids common, fusulinids,
bryozoans, brachiopods, and ostracods rare.



Plates 10-138

All figured specimens have been deposited at the
United States National Museum, Washington, D.C.
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PLATE 10
Calcilutite from the Horseshoe atoll

(Pact 18)

. Calcilutite containing [usulinids and crinoid stems, x34. USNM 109199, (Ohio Oil Company No.

2 Hays, Scurry County, Texas, 4,278 feet below sea level.)

. Calcilutite containing a stylolite and drusy vugs, x34. USNM 109200. The indistinct mottling may

be algal. (Wilshire Oil Company No. 1 Rinehart, Scurry County, Texas, 4,258 feet below sea level.)

. Photomicrograph of a calcilutite, plane light, x30, USNM 109212. The larger fragments consist of

unsorted organic debris. (General Crude Oil Company No. 3 Land, Scurry County, Texas, 4,295.5
feet below sea level.)

. Photomicrograph of a bioclastic calcilutite, plane light, x10, USNM 109213. Note the fragment of

a brachiopod shell near the base of the photograph. (Lion Oil Company No. 24 McLaughlin,
Scurry County, Texas, 4,276 feet below sea level.)
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PLATE 11
Calcarenite trom the Hotseshoe atoll
(Pac1. 19)

Stylolitic contact hetween {ragments of calcarenite, x34. USNM 109211. The lighter colored rock
is a fine-grained, somewhat leached calcarenite; the darker portion is a hioclastic calcarenite
containing numerous fusulinid tests. Note the time relationships of the two stylolites. This rock
may be a calcirudite; however, the fragments are so large that it cannot be determined from
examination ol the core whether one is [ragment and one is matrix or whether both are frag-
ments, (Wilshire Oi] Company No. 1 Rinehart, Scurty County, Texas, 4,309 feet below sea level.)

. Photomicrograph of a poorly sorted calcarenite, plane light, x30. USNM 109214. The interstitial

fill in this rock is mostly lime mud. (Sun Oil Company No. 1 Brice, Seurry County, Texas, 4,179.5
feet below sea level.)

. Photomicrograph of a well-sorted calcarenite, plane light, x30, USNM 109215, The interstitial

Gl in this rock is mostly crystalline calcite. (General Crude Oil Company No. 3 Land, Scurry
County, Texas, 4,406.2 feet helow sea level.)

. Photomicrograph of an oolitic calcavenite, plane light, x30. USNM 109201. The material com-

posing the oolites has been partially 1corganized, causing them to have a somewhat indistinet ap-
pearance. The large rectangular object near the center of the photograph is a picce of unidenti-
fiuble organic debris. (General Crude Oil Company No. 193-4 Coleman, Kent County, Texas,
4,296 feet below sea level.)
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PLATE 12
Calcirudite from the Horseshoe atoll
(Pace 20)

. Medium-textured calcirudite composed of poorly sorted fragments of calcilutite, calcarvenite,

and fragments of fossils in a calcarenite mairix, x34. USNM 109202, Note the stylolitic contacts
between pebbles. (Montex Drilling Company No. 3 Country Club, Scurry County, Texas, 4,322 teet
below sea level.)

. Fine-textured ecalcirudite composed of moderately sorted {ragments of caleilutite, calcarenite,

shale, and fragments of fossils in a calcarenite matrix, x34. USNM 109203. (Montex Drilling
Company No. 3 Country Club, Scurry County, Texas, 4,318 feet below sea level.)

. Bioclastic calcirudite (encrinite), x34. USNM 109204. This rock is composed of crinoid columnals

in a matrix of calcilutite. (Chapman & McFarlin Producing Company No. 25 Cogdell, Kent County,
Texas, 4,396 {eet below sea level.)

. Photomicrograph of calcirudite, plane light, x10. USNM 109216. This rock is composed of angular

to rounded fragments of shells, fubuhmds, and pre-existing rocks in a matrix of calcilutite.
(Montex Drilling Company No. 5 Joyce, Scurry County, Texas, 4 365 feet below sea level.)

. Photomicrograph of a hioclastic calcirndite {encrinite), plane light, x10. USNM 109205. This

rock is composed largely of crincidal debris in a matrix ot crystalline calcite. The fusulinid is a
tangential section of Paraschwagering sp. (Standard Oil Company of Texas No. 1 Pool, Gaines
County, Texas, 5,318 feet below sea level. )
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PLATE 13
Shale in the Ilorseshoe atoll

(Pacr. 20)

. Shale which overlies the reef, x34. USNM 109206. The bands of limestone represent debris thal

has heen cioded from the high portions of the reef and mixed in with the shale at the time of
deposition. The top of the reef in this well is at 4,252 {eet below sea level, (Wilshire Oil Company
No. 8 Lunsford, Seurry County, Texas, 4,221 {eet below sea level.)

. Claystone stringers in calcilutite, x34. USNM 109207. These stringeis are in part stylolitic (sec

vicinity of laige crinoid stem near center of photograph). The hranching nature of these stringers
resembles the unraveled end of a rope. (Chapman & McFarlin Producing Company No. 25 Cogdell,
Kent County, Texas, 4,154 {eet below sea level.

. Stylolitic claystone stringers in calcilutite, x34. These stringers resemble stylolites with low am-

plitude. Note the fibrous bands of shale associated with the stringer. This mode of occurrence ic
quite common. (Ohio Qil Company No. 2 Hays, Scurry County, Texas, 4,278 feet below sea level,)

. Photomicrograph of a calcareous claystone, plane light, x10. USNM 109217. The clear areas are

calcite. (Cities Service 0Oil Company No. 3 Popnoe, Scurry County, Texas, 4.458.5 feet below sea
Jevel.)

. Photomicrograph of a calcarenitc containing numerous claystone stringers, plane light, x30.

USNM 10218. (Sun Oil Company No. 1 Brice, Scurry County, Texas, 4,226 fect below sea level.)
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3
PLATE T%
Miscellaneous rocks in the Horseshoe atoll
Pacr.
A. Contact between chert and calcarenite, x34,. USNM 109208 21

The chert contains several vertical joints which stop at the contact. The clear areas in the
chert represent fossils replaced with silica. (Ohio Oil Company No. 2 Hays, Scurry County,
Texas, 4,363 feet helow sea level.)

B. Stylolitic contact between chert and limestone, x34. 21
(Sunray Qil Corporation No, 2-A Hardy, Scurry County, Texas, 4,387 {eet below sea level.)
C. Stylolites in calcirudite, x34. USNM 109209 20

(Montex Drilling Company No. 3 Harrell, Scurry County Texas, 4,414 feet below sea level.)

D. Photomicrograph of algal(?) material coating a {ragment of pre-existing reef limestone,
plane light, x10. USNM 109210 . 40
The dark material surrounding the lighter colored pebble is probably algal. (Humble Qil &
Refining Company No. 2 McLaury, Kent County, Texas, 4.921 feet below sca level.)
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PLATE 15
Fusulinidae of Strawn and lower Canyon age from the Horseshoe atoll (all x10)
(Pacc 46)

Wedekindellina sp., lower Stiawn. USNM 119431, (Humble Oil & Refining Company No. 2
McLaury, Kent County, Texas, 4,964 teet below sea level.)

Fusulina sp., Strawn. USNM 119432, (General Crude Qil Company No. 13-6 Jones, Kent
County, Texas, 4,229 feet below sea level.)

Fusulina sp., Strawn, USNM 119433, (Standard Oil Company of Texas No. 2-5 Brown, Scury
County, Texas, 4,718 leet below sea level.)

These figures illustrate a mixed fauna, All specimens from Humble Oil & Refining Company
No. 1 L. R. Spires, Kent County, Texas, 4,672 feet below sea level.

D. Fusulina sp., Strawn. USNM 119434.

E. Fusulina sp., Strawn, USNM 119435,

F. Triticites sp., Canyon, USNM 119436.

G. Triticites sp., Canyon. USNM 119437.

H. Tisticites sp., Canyon. USNM 119438,

. “Wedcekindelling” afl, “W.” ultimata Newell and Keroher, basal Canyon. USNM 119439. (Gen-

eral Crude Oil Company No. 28 Hunt Trust-Young, Kent County, Texas, 4,486 feet below sea
level.)
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I

G.

PLATE 16
Fusulinidae of Canyon and lower Cisco age from the Horseshoe atoll (all x10)

(Pacrs 46-47)

. Triticites iriegulais (Stafl), Canyon. USNM 119440, (Phillips Petroleum Company No. 4 Me-

bane, Scurry County, Texas, 4,430 feet below sea level.)

. Triticites irregularis (Stafl), Canyon, USNM 119441, (Montex Drilling Company No. 4 Joyce,

Securry County, Texas, 4,413 feet below sea level.)

. Triticites cf. T. ohioensis Thompson, Canyon. USNM 119442, (Phillips Petroleum Company No. 4

Mebane, Scurry County, Texas, 4,481 {eet helow sea level.)

. Triticites cl. T. ohioensis Thompson, Canyon. USNM 119443, (Phillips Petrolcum Company No. 4

Mebane, Scurry County, Texas, 4,481 feet below sea level.)

. Triticites sp., Home Creek. USNM 119444. This is a very early species ol the group of T. ventri-

cosus. (Cities Service Oil Company No. 6 Patterson, Scurry County, Texas, 4,304 feet below sea
level.

Waeringella all. V. spivevi Thompson, basal Cisco. USNM 119445, (Magnolia Petrolcum Com-
pany Na. 3-C Conrad, Scurry County, Texas, 4,416 feet below sea level,

Triticites sp., found associated with the Waeringella figured in (}). USNM 119446, (Magnolia
Petroleum Company No. 3-C Conrad, Scurry County, Texas, 4,446 feet below sea level.)

. Triticites sp., Bunger(?), USNM 119447, (General Ciude Oil Company No, 1934 Coleman, Kent

County, Texas, 4,312 {eet below sea level.)

. Tiiticites sp., Bunger (7). USNM 119448, (General Crude Oil Cownpany No. 1934 Coleman, Kent

County, Texas, 4,312 feet below sea level.)

. Triticites sp., Bunger(?), USNM 119449. (General Crude il Company No. 193-4 Coleman, Kent

County, Texas, 4,312 {eet below sea level.)



Late Paleozoic Horseshoe Atoll, West Texas Plate 16

Rt

L0




Late Paleozoic Horseshoe Atoll, West Texas Plate 17




Late Paleozoic Horseshoe Atoll, West Texas 105

PLATE 17
Fusulinidae of Cisco age from the Horseshoe atoll (all x10)

(Pace 47)

. Triticites cf. T. secalicus (Say), Bunger (7). USNM 119450. (Montex Drilling Company No. 2

Payne, Scurry County, Texas, 4,417 feet below sea level.)

. Thiticites sp., Bunger(?). USNM 119451. This is a member of the group of 7. secalicus. (Montex

Drilling Company No. 2 Payne, Scurry County, Texas, 4,420 feet below sea level.)

. Triticites sp., Gunsight or Wayland. USNM 119452. This is a primitive member of the group of T.

ventricosus. (Cities Service Qil Company No. 6 Patterson, Scurry County, Texas, 4,434 feet below
sea level.)

. Triticites sp., Gunsight (7). USNM 119453, Group of 7. ventricosus, somewhat more advanced than

in (C). (Phillips Petroleum Company No. 4 Mebane, Scurry County, Texas, 4,285 {eet below sea
level.)

. Triticites sp., Gunsight(?). USNM 119454. Group of T. ventricosus. (Phillips Petroleum Com-

pany No, 4 Mebane, Scurry County, Texas, 4,285 fecet below sea level.)

. Triticites sp., Wayland or younger. USNM 119455. Group of 7. ventricosus. (Pan-American Pro-

ducing Company No. 5 Carrell, Scurry County, Texas, 4,363 fcet helow sea level.)

. Triticites sp., Chaffin(?). USNM 119456. (Pan-American Producing Company No. 5 Carrell,

Scurry County, Texas, 4,327 fect helow sca level.)

. Dunbarinella sp., Chaffin (?), USNM 119457. (Pan-American Producing Company No. 5 Carrell,

Scurry County, Texas, 4,327 leel below sea level.)

. Triticites beedei Dunbar and Condra, Chafin(?). USNM 119458, (Wilshire Oil Company No. 1

Rinehart, Scurry County, Texas, 4,299 feet below sea level.)
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E.

F,

PLATE 18
Fusulinidae of Wolfcamp age from the Horseshoe atoll (all x10)
(PacE 47)

. Triticites ventricosus (Meek and Hayden), Waldrip (?). USNM 119459, (Sun Oil Company No.

1 Brice, Scurry County, Texas, 4,217 feet below sea level.)

. Triticites cl. T. veniricosus (Meek and TTayden), Waldrip(?). USNM 119460. (Sun Qil Company

No. 1 Brice, Scurry County, Texas, 4,197 {eet below sea level.)

. Pseudofusulina sp., Wolfcamp, USNM 119461. (Pan-American Producing Company No. 5 Carrell,

Scurry County, Texas, 4,288 feet helow sea level.)

. Triticites sp., Wolfcamp. USNM 119462, (Pan-American Producing Company No. 5 Carrell,

Scurry County, Texas, 4,288 feet below sea level. )

Paraschwagerina sp., upper Wolfcamp (Coleman Junction?). USNM 119463. (Standard Oil
Company of Texas No. 2 Pool, Gaines County, Texas, 5,318 feet below sea level.)

Paraschwagerina sp., upper Wolfcamp (Coleman Junction?). (Standard Oil Company of Texas
No. 2 Pool, Gaines County, Texas, 5,326 feet below sea level.)

(3B Paraschwagerina sp., upper Wolfcamp (Coleman Junction?). USNM 119464. (Standard Oil Com-

pany of Texas No. 2 Pool, Gaines County, Texas, 5,339 feet below sea level.)
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Index

Adair (Wolfcamp) oil field: 34, 67, 68
Adams, J. E.: 10,12, 17
Adams Branch limestone member: 41
algae: 40, 52, 53, 54
Allen-Holiday oil field: 67
aluminum: 23
alveolar wall; 43, 47
Amerada Oil Company: 13
Ammonites parkeri: 40
ammonaids: 39, 40, 48
analyses—

bituminous material; 23

core: 13, 23

spectrographic: 23
Anchicodium: 41
Anderson, K. C.: 12
Anderson-Prichard Oil Company No. 2 Parmer

County School Lands: 27

Andrews County: 12, 27, 35, 36
Antecedent-Platform theory: 57-58
arkosic sandstone: 29
Armer, L. H.: 13
arsenic: 23
arthropods: 40
Athyridae: 39
Atoka age: 27, 28, 29, 50, 63
atolls: 10, 56

closed: 55

horseshoe-shaped: 55

shape of: 55

theories of origin of: 55-58
Ausliri No. 4 well, Cities Service Oil Company:

7

back-reef area: 52
facies: 60

barium: 23
barrier reef: 35, 36, 56, 65
Beede, J. W.: 41

beedei, Triticites: 47, 105
Bergenback, R. E.: 12, 13, 18, 69
Berger, Walter R.: 13
beryllium: 23
Big Lake oil field: 41
bioclastic calcarenite: 19
calcirudite: 18
biostromal limestone: 29, 30, 33, 54, 56, 63
bismuth: 23
bitumen: 21, 23
bituminous material: 20, 21
chemical analyses of: 23
Blach Ranch limestone: 41
black shale: 35, 36, 40
Bond oil field: 67
Borden County: 12, 29, 33, 34, 35, 50, 60, 65
boron: 23
brachiopods: 37, 38, 39, 53
discinid: 48
productid: 48
breccia fragments: 20
reef: 20, 49
Brewster County: 40
Brice No. 1 well, Sun Oil Company: 34, 92, 97,
99, 106
No. 10 well: 93
Brinkerhoff Drilling Company No. 1 Jones: 34

Brown County: 41

Brown No. 2-5 well, Standard Oil Co. of Texas:
103

Brownfield, South oil field: 67

Brownwood shale member: 42

Bryozoa: 37, 38, 39, 48, 52, 53

Buchanan, J. W.: 18

Bunger limestone member: 43, 47, 102, 105

Burnside, R. J.: 12, 53, 61, 69

Bush, R. E.: 16

Caddo Creek formation: 43
Caddo limestone: 29, 56
Calamites: 61
calcarenite: 18, 19-20, 21, 24, 30, 39, 99, 102
definition of: 74
calcilutite: 18-19, 20, 21, 24, 39, 98, 101
definition of: 74
calcirudite: 18, 19, 20, 21, 24, 30, 32, 46, 52, 60,
63, 100
definition of: 74
calcite: 23
cement: 19, 23
crystalline: 20
drusy: 24, 39
calcitization: 22-23
calcium carhonate; 23
calyx plates: 39
Cambrian system: 17, 27
Canning oil field: 68
Canning No. Y-2 well, Honolulu Oil Corpora-
ation and Cascade Petroleum Company: 80
Canyon age: 18, 32, 33, 39, 40, 47, 63, 64, 68, 103,
104
fusulinid data on: 75, 76, 78, 79, 81, 83, 84, 86,
91, 92, 94, 95
rocks of: 33
Canyon group: 30, 41, 42, 46
Canyon reservoir rocks: 69
Canyon Triticites forms: 48
Capitan reef: 23, 34, 52
Capps limestone: 42, 46
carbonate mud: 20
reeflike accumulations: 55
reservoirs: 70
sand: 20
Carden No. 1 well, Hiawatha Oil and Gas Com-
pany: 79
Carrell No. 5 well, Pan-American Producing
Company: 105
No. 6 well: 106
Cascade Petroleum Company and Honolulu Oil
Corporation No, Y-2 Canning: 80
cement, calcite: 19, 23
Cenozoic reefs: 60
Central Basin Plaiform: 11, 17, 30, 36, 50, 54, 63
Central Vealmoor oil field: 51
Chaetetes: 39
Chaffin limestone: 47, 105
Chapman and McFarlin Producing Company: 13
No. 25 Cogdell: 23, 100, 101
chemical analyses of bituminous material: 23
of cores: 23
chert: 102
microcrystalline fibrous: 21
microcrystalline granular; 21
secondary: 20, 21



Cisco age: 18, 32, 34, 39, 41, 46, 47, 60, 63, 64, 68,
70, 105, 106
fusulinid data on: 74, 76, 79, 81, 83, 85, 86, 89,
91, 94, 95
rocks of: 33
Cisco fusulinids: 48
Cisco group: 30, 41, 43
Cisco reservoir rocks: 69
Cities Service Oil Company: 13
No. 4 Austin: 74
No. H-2 Johnson: 75
No. 6 Patterson: 76, 105, 106
No, A-3 Popnoe: 101
Clairemont oil field: 67
classifications, microlog peinieability: 14, 15, 16
claystone stringers: 101
Clore limestone: 27
closed atolls: 55
Cloud, P. &, Jr.: 54, 55
cobalt: 23
Codiaceae: 40, 41
coclenterates: 37, 38, 39
Cogdell oil field: 23, 66, 67, 68
East: 68
Cogdell reservoir: 66
rocks: 69
Cogdell No. 25 well, Chapman and MecFarlin
Producing Company: 23, 100, 101
Coleman County: 17, 41
Coleman Junction limestone member: 17, 48, 51,
1

Coleman No. 193-2 well, General Crude Petro-
leum Company: 23, 39, 76
No. 1934 well: 99, 104
columbium: 23
compacta, Dunbarinella: 43
Schwagerina: 48
Composita sp.: 39
composition of shale stringers: 21
conodonts: 40
Conrad No. 3-C well, Magnolia Petroleum Com-
pany: 104
copper: 23
corals: 39, 52, 53
core analyses: 13, 23
Core Laboratorics, Inc.: 13
correlation chart: 28
Country Club No. 3 well, Montex Drilling Com-
pany: 81, 100
crabs: 52
Cretaceous system: 17
crinotds: 39, 53
columnals: 48
definition of: 74
Crosby County: 10, 12, 33, 35, 36, 50
crystalline caleite: 20
cullomensis, Triticites: 43, 47
cyclic theory of reef growth: 12
cyclical deposition: 54
Cyclical thcory: 61

Daly, R. A.: 56
Dana, J. D.: 56
Darwin, Charles: 56
Davis, W. M.: 57

siltstone: 36, 50, 51, 55, 64, 65
definition—

calcarenite: 74

calcilutite: 74

calcirudite: 74

crinoid: 74

fissures: T4

phenoclast: 74

pinpoint porosity: 74

vug: 74
Delaware basin: 54, 55
delta: 55
deltaic sediment: 35
deposition, cyclical: 54
designata, Millerella: 27, 29
detrital muscovite: 20
detrital zone: 29
Devonian system: 17, 27, 68
Diamond-M oil field: 12, 66, 68
Dickens County: 12, 29, 33, 35, 36, 55
dips: 51, 52

of shale stringers: 20
discinid brachiopods: 39, 48
Doll, H. G.: 13
dolomite: 21, 22
dolomitization: 21-22
Douglass, R. C.: 41
drusy calcite: 24, 39

quartz: 21
Dunbar, Carl O.: 41, 44, 45, 47
Dunbarinella: 43, 45, 47, 105

compacta: 43

fauna: 41

Dunn oil field: 67

Largle, D. Hoye: 13

Early oil field: 67

Early Ordovician age: 29

Eastern shelf: 17

Eastland County: 17, 41

East Greenland: 55

East Polar oil field: 60

East Vealmoor oil field: 33, 34, 60

echinoderms: 37, 38

echinoids: 52

effective porosity: 24, 25

electrical and lithologie logs: 13, 31

Ellenburger group: 29

Elliott, R, H. J.: 40

Elwood No. 1-24 well, Honolulu and Signal Oil &

Gas Companies: 29

emaciata, Schwagerina: 43

Emery, K. 0.: 58

encrinite: 19, 100

encrusting Bryozoa: 39

England, northern: 55

erosion, subaerial: 49, 61
unconformities due to: 32

eustatic shifts of sea level : 59

evaluation of micrologs: 13

evolution of fusulinds: 42

{acies, fore-reef, reef-core, hack-reef: 60
distribution: 59

Fairbridge, R. W.: 10, 53, 58, 60

faunal zones: 45

faunas, redeposited: 46
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feldspar: 20

fenestellid bryozoans: 39
Fenton No. 1 well, Sun 0il Company: 94
fish scales: 40, 48
fissures, definition of ; 74
fluting, septal: 43, 47
Foraminifera: 19
foraminifers: 37, 52
Ford, R. D.: 13
fore-reef: 64
facies: 60
fossils: 37, 38
fractures: 26
fragments, pre-existing reef: 24
frame-building reef organisms: 10, 52
free gas caps: 68
Frenzel, H. N.: 10
fringing reels: 56
Fuller oil ficld: 68
Southeast: 67
Fuller reservoir rocks: 69
Fullerville oil field: 67
Fusulina: 42, 103
zone of : 45, 46
Fusulinella: 42, 45
Fusulinidae: 30, 38, 41-48, 103, 104, 105, 106
fusulinids: 37, 38, 48, 64
Canyon age: 75, 76, 78, 79, 81, 83, 84, 86, 91, 92,
94, 95
Cisco age: 74, 76, 79, 81, 83, 85, 86, 89, 91, 94,
95
correlation with: 63
evolution of: 42
ranges of genera: 45, 46
Strawn age: 81
Wolfcamp age: 89, 92

Gaines County: 12, 27, 33, 34, 35, 36, 64, 68, 70,
100, 106
gallium: 23
Gaptank formation: 40
Garza County: 12, 29, 33, 50, 62, 66, 70
gas: 68, 69
caps, free: 68
gastropods: 39
General Crude Oil Company: 13
No. 193-2 Coleman: 23, 39, 76
No. 193-4 Coleman: 99, 104
No. 28 Hunt Trust-Young: 103
No. 13-6 Jones: 103
No. 3 Land: 78, 98, 99
germanium: 23
Glacial Control theory: 56-57
Glass No. 1 well, Pan-American Producing Cormn-
pany: 34
Good oil field: 33, 34, 60, 67
Gordon, MacKenzie, Jr.: 39
Grabau, A. W.;: 18
Graford formation: 40, 41, 42
Graham formation: 43
Grout, ¥, ¥.: 69
Guadalupe series: 68
Guadalupian: 55
Gulf Oil Corporation No. 1-B E. P. Swenson Cat-
tle Company: 66
Gunsight limestone member: 43, 47, 105
Guppy, H. B.: 57

Hardy No. 2-A, Sunray Qil Corporation: 102
Hargis ranch: 40
hargisi, Marathonites?: 40
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Peritrochia: 40 .
Harrell No. 2 well, Montex Drilling Company: 82
No. 3 well: 102
No. 4 well: 83
Hass, W. H.: 40
Hays No. 2 well, Ohio Oil Company: 86, 98, 101,
102

Heck, W. A.: 10,12, 13, 41, 48
Henbest, L. G.: 10, 12, 41, 44, 45, 48, 54
Henson, F. R. S.: 30
Hiawatha Oil Company: 13
No. 1 Carden: 79
Hindeodella: 40
Hobo oil field: 67
Hockley County: 29, 35
Hoffmeister, J. E.: 57, 58
Hollingsworth, R, V.: 13
Home Creek limestone member: 43, 46, 104
Honolulu and Signal Oil & Gas Companies’ No.
1-24 Elwood: 29
Honolulu Oil Company No. 1 McGowan: 40
Honolulu Qil Corporation and Cascade Petroleum
Company No. Y-2 Canning: 80
ITorseshoe atoll: 10, 12, 13, 17, 18, 19, 21, 23, 27,
29, 32, 34, 37, 40, 41, 44, 45, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 66, 68, 69,
70
extent: 10
location: 10
rock types in cores from: 21
horseshoe-shaped atolls: 55
Howard County: 10, 12, 29, 33, 34, 35, 50
Humble Oil & Refining Company: 13
No. 2 McLaury: 40, 102, 103
No. 11, R. Spires: 46, 103
Hunt Trust-Young No. 28 well, General Crude
Oil Company: 103
Hustedia sp.: 39

Nling, .. V.: 19

Tllinois: 27

Imbt, W. C.: 10, 70

insoluble residues: 21, 23, 24, 25
intermediate zone: 30

iron: 23

irregularis, Triticites: 42, 43, 46, 104
Ivan limestone member: 43

Jessen, F, W.: 23

Jigulevian stage: 40

Johnson No. H-2 well, Cities Service Oil Com-
pany: 75

joints: 26, 70

Jones, T. 8.: 17,27

Jone§4No. 1 well, Brinkerhoff Drilling Company:

No.013—6 well, General Crude Oil Company:
103

Joyce No. 4 well, Montex Drilling Company: 84,
104
No. 5 well: 84, 100

Kargalites (Subkargalites) neoparkeri: 40

Kelly oil field: 12

Kelly-Snyder oil field: 12, 66, 68

Kent County: 12, 29, 31, 33, 35, 36, 39, 60, 62, 66,
70, 76, 99, 100, 101, 102, 103, 104

Kim, 0. ].: 40

King, P. B.: 10

Kniker, Hedwig: 41

koschmanni, Triticites: 48

Krempf, Armand: 55
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Krumbein, W. C.: 48
Krynine, P. D.: 22
Kuenen, Ph. H.: 55

Ladd, H. S.: 10, 53, 57, 58, 60
Land No. 3 well, General Crude Oil Company:
78,93, 99

lead: 23

Lee, Wallace: 54

Leonard age: 12, 35, 55, 64
series: 68

limestone, biostromal: 29, 30, 33, 54, 56, 63
older reef: 34
pre-existing reef: 20, 102

Link, T, A.: 61

Lion Oil Company No. 24 McLaughlin: 98
No. 45 McLaughlin: 81

lithologic log: 31

logs, composite electrical and lithologic: 31
electrical and radicactivity: 13, 16

Lone Star Producing Company: 13

longissimoidea, Schwagerina: 48

Lonsdale, John T.: 13

Lophophyllidium: 39

Lowenstam, H. A.: 10, 52

low-porosity zones: 39

Lubbock County: 12, 35, 36

Lunsford No. 8 well, Wilshire Oil Company: 34,

40, 48, 95, 101
Luther, North oil field: 67
Lynn County: 10, 12, 33, 69

McGowan No. 1 well, Honolulu Qil Company: 40
MecLaughlin No. 24 well, Lion Oil Company: 98
No. 45 well: 81
McLaury No. 2 well, Humble Oil & Refining Com-
pany: 40, 102, 103
MaeNeil, F. S.: 10, 52, 53, 56
magnesium carbonate: 23
magnesium oxide: 23
Magnolia Petroleum Company: 13
No. 8-C Conrad: 104
Marathonites? hargisi: 40
Marathon region: 50
Mardock, E. S.: 16
Martin County: 12
Matador arch: 11, 17, 29, 54, 63
matrix: 20
Mehane No. 4 well, Phillips Petroleum Company:
91, 104, 105
megafossils: 37
megascopic {ossils: 38
Mercier, V. J.: 18
microcrystalline fibrous and granular chert: 21
microlog: 13, 30
evaluation of: 13
permeability classifications: 14, 15, 16
Mid-Continent region, ranges of fusulinid genera:
45
Midland basin: 11, 17, 24, 27, 28, 29, 35, 36, 50,
54, 55, 59, 64
Miller, J. G.: 23
Millerella: 28, 29
designata: 27, 29
millidarcys: 26
Mississippian: 17, 27, 28, 29, 55, 63, 68
Missouri series: 40
Mitchell County: 12,17, 27, 29, 30, 35, 63
Mollusca: 37, 38, 39, 52, 53

Montex Drilling Company: 13
No. 3 Country Club: 81, 100

Bureau of Economic Geology, The University of Texas

No. 2 Harrell: 82

No. 3 Harrell: 102

No. 4 Harrell: 83

No. 4 Joyce: 84, 104

No. 5 Joyce: 84, 100

No. 1 Payne: 85

No. 2 Payne: 85, 105
Moore, R. C.: 17,40
Morrow: 27, 28, 29, 63
Motley County: 55
Mound Lake oil field: 67
mud: 16

carbonate: 20

(ltrate: 16

Mungerville oil field: 34, 36, 67, 68

Northwest: 34, 67
Murray, John: 56
muscovite, detrital: 20
Myers, D. A.: 12, 41
My:tle oil field: 67

neoparkeri, Kargalites (Subkargalites) ; 40

Neopronorites: 40

Newell, N. D.: 10, 23, 30, 34, 46, 49, 55

nickel: 23
Nickell, C. O.: 54

nondeposilion, unconformities due to: 32

non-reef rocks: 68
north-central Texas: 41, 54

ranges of fusulinid genera: 45

North Snyder oil field: 12

Northwest Mungerville oil field: 34, 67

Oceanic oil field: 67
O’Daniel oil field: 67

ohioensis, Triticites: 42, 43, 46, 104

Ohio Oil Company: 13
No. 2 Hays: 86, 98, 101, 102
oil: 23, 68, 69
production;: 66, 67, 68
reservoirs: 31, 70
waler interface: 68, 70
oil fields—

Adair (Wolfeamp) : 34, 67, 68

Allen-Holiday: 67
Bond: 67
Brownfield, South: 67
Canning: 68
Clairemont: 67
Cogdell: 23, 66, 67, 68
East: 68
Diamond-M: 12, 66, 68
Dunn: 67
Early: 67
Fuller: 68
Southeast: 67
Fullerville: 67
Good: 33, 34, 60, 67
Hobo: 67
Kelly: 12
Kelly-Snyder: 12, 66, 68
Luther, North: 67
Mound Lake: 67
Mungerville: 34, 36, 67, 68
Northwest: 34, 67
Myrtle: 67
North Snyder: 12
QOceanic: 67
O’Daniel: 67
Polar, East: 60, 67
Reinecke: 33, 60, 67
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Salt Creek: 23, 32, 39, 67
South: 67
Schattel: 66, 67
Scurry: 10, 12, 21, 22, 23, 32, 33, 34, 66, 67
Sharon Ridge Canyon: 12, 66
SMS: 67
Sparenburg: 67
Spires: 67
Spraberry West: 34, 67, 68
Spur: 67
Statex: 67
Swenson: 67
Tahoka: 33, 67, 69
Tobe: 67
Vealmoor: 34, 66, 67, 68
Central : 51, 67
East: 33, 34, 60, 67, 68
North: 67
Vernon, Cox: 67
Vincent: 67
Von Roeder: 67
Wellman: 12, 33, 34, 67
older reef fragments: 32
limestone: 34
oolites: 19, 20, 22
oolitic zones: 21
Ordovician: 17, 27, 29, 68
organic debris: 18
organic lattice: 52
organisms, {frame-building: 52
osagensis, Triticites: 47
ostracods: 40
Ozarkodina: 40
Ozona structural high: 17

Palcontological Laboratoiies: 13, 37, 41
Palo Pinto limestone: 46
Pan-American Producing Company: 13

No. 5 Carrell: 105, 106

No. 2 Davis: 89

No. 1 Glass: 34
Paraschwagerina sp.: 48, 100, 106
parkeri, Ammonites: 40

Peritrochia (Subkargalites) : 39, 40

Parmer County School Lands No. 2 well, Ander-

son-Prichard Oil Company: 27
Patterson, Elmer D.: 13
Patterson, I.: 54

Patterson No. 6 well, Cities Service Oil Company:

76, 104, 105
Payne No. 1 well, Montex Drilling Company: 85
No. 2 well: 85, 105
Pectinacea: 40
pelecypods: 40
Pennés%ylvanian: 17, 27-30, 34, 35, 40, 50, 54, 55,
fusulinids: 41
reeflike carhonate rocks: 11, 12
Peritrochia: 40
hargisi: 40
parkeri: 39, 40
permeability: 13, 24-26, 69, 70
microlog classifications: 14, 15, 16
permeable zones: 70
Permian: 17, 27, 28, 30, 40, 41, 43, 50, 55, 68
fusulinids: 41
reeflike carbonate rocks: 11, 12
Permian Basin Sample Laboratory: 13
Petroleum Administration for Defense: 12
Pettijohn, F. S.: 18
phenoclast, definition of: 74
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phenomenon, pressure-solution: 21

Phillips Petroleum Company: 13
No. 4 Mebane: 91, 104, 105
pinguis, Triticites: 47, 48
pinpoint porosity, definition of: 74
Plainview bhasin: 54
plant [ragments, pyritized: 20
platfoim: 54
Pleistocene cpoch: 56
Plummer, F. B.: 40
plummeri, Triticites: 46
Polar, East oil field: 67
Pool No. 1 well, Standard Oil Co. of Texas: 100
No. 2 well: 106
Popnoe No. A-3 well, Cities Service Oil Com-
pany: 101
porosity: 13, 16, 24-26, 69, 70
pinpoint, definition of: 74
primary: 22
sccondary: 61
stratification: 24
Type A and B zones: 63
values: 30
zonation: 12, 23, 24, 30, 32, 69-70
potassium: 23
Precambrian: 17
pre-existing rocks: 46
reel {ragments: 24, 32
reef limestone: 20, 102
preservation: 39
pressure-solution phenomenon: 21
primary porosity: 22, 24
productid brachiopods: 48
productids: 39, 48
proloculus: 47
size of: 43
Pronorites: 40
Pronoritid? sp. indet,: 3%
Pseudofusulina: 45, 47, 106
Pseudoschwagerina: 44
faunal zones: 45
Putnam formation: 17
pyrite: 20, 24
pyritized plant Iragments and spicules: 20

Quaternary reefs: 52
system: 17

quartz: 20, 23, 24
drusy: 21

radioactivity logs: 13, 16
ramose Bryozoa: 39
Ranger limestone: 43, 46
ranges of fusulinid genera: 45, 46
redeposited faunas: 46
reel: 10
barrier: 35, 36, 56, 65
breccia: 20, 49
Cenozoic: 60
complex: 30
core: 52
facies: 60
cycle: 61
fragments, pre-existing: 24, 32
fringing: 56
growth: 58
cyclic theory of : 12
regressive and transgressive: 61
limestone: 18-20
pre-existing : 20, 34
organisms, frame-building: 10
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reservoir 10cks, Strawn Zones A, B, C,D: 68
rock, spectrographic analyses of: 23
reef-type structures: 13
regional unconflormity: 29
regolith: 29
regressive and transgressive reel growth: 61
Rein, J. J.: 56
Reinecke oil field: 33, 60, 67
reservoirs: 66, 67, 68-69, 70
Adair: 34
energy: 69
rocks: 69
Rhynchospirinidae: 39
Rinehart No. 1 well, Wilshire Oil Company: 98,
99, 105
Rising Foundation theory: 57
rock types in cores from Horseshoe atoll: 21
rocks of—
Canyon age: 33
Cisco age: 33
Strawn age: 32-33
Wollcamp age: 33-34
rocks, pre-existing: 20, 24, 32, 46, 102
Rosenberg No. 1 well, Sun Qil Company: 94
Roth, R. I.: 41
Rothrock, H. E.: 12, 13, 30, 70
Rotary Engineers, Inc.: 13
Russia: 40
Ruzhencev: 40

Salem School limestone member: 43
Salt Creek oil field: 23, 32, 39, 67
South: 67
sand, carbonate: 20
sandstone, arkosic: 29
Schattel oil field: 66, 67
Schubertella: 43, 45
fauna: 41
Schwagerina: 12, 41, 43, 44, 45, 47, 48
compacta: 48
emaciata: 43
longissimoidea: 48
Scott, Gayle: 40
Scurry County: 10, 12, 13, 18, 21, 22, 27, 29, 30,
31, 33, 34, 35, 36, 40, 51, 60, 62, 65, 66, 70,
74, 75, 76, 78, 79, 80, 81, 82, 83, 84, 85, 86,
89, 91, 92, 93, 94, 95, 98, 99, 100, 101, 102,
103, 104, 105, 106
Scurry oil field: 10, 12, 21, 22, 23, 33, 34, 66, 67
Seaboard Oil Company: 13, 66
sea level, eustatic shifts of : 59
secalicus, Triticites: 46, 47, 105
secondary chert: 20, 21
secondary porosity: 24, 61
sediment, deltaic: 35
sedimentary rocks: 27
Semper, Carl: 56, 57
septa: 43
septal fluting: 43, 47
shale: 20-21, 99
black, 35, 36, 40
lenses: 49
stringers: 20, 21
shape of atolls: 55
Sharon Ridge Canyon oil field: 12, 66
Shepard, F. P.: 54
silicification: 21
gilicon: 23
Silurian system: 17, 27, 68
silver: 23
size of proloculus: 43

Bureau of Economic Geology, The University of Texas

Skelly Oil Company: 13
Skinner, J. W.: 41, 44, 47
Slick-Moorman Oil Company: 13
slides, submarine: 46, 49
Sloss, L. L.: 48
SM S oil field: 67
sodium: 23
solution gas: 68
Solution theory: 56
Sparenburg oil field: 67
Speck Mountain limestone: 41, 43
spectrographic analyses: 23
spicules, pyritized: 20
Spires No. 1 well, Humble Oil & Refining Com-
pany: 46, 103
Spires oil field: 67
spiveyl, Waeringella: 47, 104
Spraberry siltstone: 35, 64, 65
Spraberry West oil field: 34, 67, 68
Spur oil field: 67
Stafford, P. T.: 12, 30, 53, 68, 69
Stanolind Qil & Gas Company: 13
Standard Oil Company of Texas: 13
No. 2-5 Brown: 103
No. 1 Pool: 100
No. 2 Pool: 106
Statex oil field: 67
Stephens County: 41
Stewart, R, W.: 12
Stose, G. W.: 17
stratification, porosity: 24
Strawn age: 17, 27, 29, 32, 39, 41, 54, 63, 66, 68,
69, 103
fusulinid data on: 81
group: 30, 42, 46
reef: 64
rocks of: 32-33
Zones A, B, C, D, reef reservoir rocks: 68
Stratton, E. F.: 13
Streptognathodus: 40
stringers, claystone; 101
shale: 20, 21
stromatoporids: 52
strontium: 23
stylolites: 20, 21, 23, 24, 97
subaerial erosion: 49, 61
Subkargalites Ruzhencev: 40
(Kargalites) neoparkeri: 40
(Peritrochia) parkeri: 39
submaiine slides: 46, 49
Subsidence theory: 56
Sun 0il Company: 13
No. 1 Biice: 34,92, 99, 101, 106
No. 10 Brice: 93
No. 1 Fenton: 94
No. 1 Rosenberg: 94
Sunray Oil Company: 13
No. 2-A Hardy: 102 .
Swenson Cattle Company No. 1-B well, Gull Oil
Corporation: 66
Swenson oil hield: 67

Tahoka oil field: 33, 67, 69

Teichert, Curt: 10

Terriere, R. T.: 12, 13, 18, 69

Terry County: 12, 27, 29, 33, 34, 35, 40, 64, 63
I'ertiary system: 17

Texas arch: 17, 29

Texas Gulf Producing Company: 13

theories of atoll origin: 55-58

theory of reef growth: 12



Late Paleozoic Horseshoe Aioll, West Texas

Thompson, M. L.: 41, 46
Thrifty formation: 41, 43, 47

Tidewater Oil Company: 13
titanium: 23
Tobe oil field: 67
tongues of shale: 20
Torrid Belt theory: 57
Triassic system: 17
trilobites: 40
Triticites: 43, 44, 47, 48, 103, 105
beedei: 47, 105
cullomensis: 43, 47
faunal zoncs: 45, 46
irregularis: 42, 43, 46, 104
koschmanni: 48
ohioensis: 42, 43, 46, 104
osagensis: 47
pinguis: 47, 48
plummeri: 46
secalicus: 46, 47, 105
ventricosus: 41, 42, 43, 46, 47, 48, 104, 105, 106
Triticites-Dunbarinella-Schubertella fauna: 41
tunnel angles: 43
Twenhofel, W, H.: 18
Type A and B porosity zones: 30, 32, 63
Tyrol: 55

Uddenites: 40
ultimata, Wedekindellina: 40, 42, 45, 46, 103
unconformities: 33, 49, 58, 59
due to erosion: 32
due to nondeposition: 32
regional; 29
unnamed basin: 54
Upper Triassic: 55
Ural Mountains: 40
U. S. Bureau of Mines: 12
U. S. Geological Survey: 11,12, 13

vanadium: 23
Van Siclen, D. C.; 12
Vaughan, T. W.: 57
Vealmoor oil field: 34, 66, 67, 68
Central: 67
East: 67, 68
North: 67
ventricosus, Triticites: 41, 42, 43, 46, 47, 48, 104,
105, 106
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Vernon, Cox oil field: 67
Vincent oil field; 67
Virgil series: 40
volutions: 43

Von Roeder oil field: 67
vug, definition of: 74

Waeringella: 43, 45
spiveyi: 47, 104
Waldrip limestones: 43, 106
wall structure: 42
thickness: 43, 47
Wanless, H, R.: 54
Wayland shale: 47, 105
Wedekindellina: 42, 103
faunal zones: 45
ultimata: 40, 42, 45, 46, 103
Wellman oil field: 12, 33, 34, 67
West Spraberry oil field: 34, 67, 68
West Texas Geological Society: 29
White, M. P.: 41
whorls: 42, 43, 47
Wichita-Arbuckle complex: 64
Williams, J. S.: 54
Wilshire Oil Company: 13
No. 8 Lunsford: 34, 40, 48, 95, 101
No. 1 Rinehart: 98, 99, 105
Winds and Currents theory: 58
Wise County: 40
Wolfcamp aze: 18, 32, 34, 36, 41, 43, 44, 47, 54,
55, 62, 63, 64, 65, 66, 68, 69, 106
fusulinid data on: 89, 92
fusulinids: 43
reservoir rocks: 69
rocks: 17, 33-34, 50
series: 30, 35, 42, 68

Yenne, K. A.: 10, 12, 13, 41, 48
Zeller, D. E.: 27

zinc: 23
zirconium: 23
zonation: 30
porosity: 12, 69-70
zone, detrital: 29
porosity: 24, 30
zone of Fusulina and of Triticites: 46
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