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FOREWORD 

The studies on which this report is based were conducted under the 
direction of Mr. Plummer and were primarily concerned with the possible 
development of oil and gas in the north Texas Pennsylvanian area. Field 
work in the region of outcrop of the Bend group and the Strawn group 
in the Brazos Valley was done by Mr. Moore. Jointly with Mr. Plummer 
investigations of the stratigraphy and paleontology of the higher divisions 
of the Pennsylvanian were undertaken. Many of the fossil collections 
which were made during the course of work in the area were made by 
other geologists and referred to Mr. Moore for identification and study. 
There has not been opportunity for the completion of detailed studies of 
the sort that both writers are keenly anxious to have been able to make 
and the information which is here presented is to such an extent incom­
plete. In view, however, of the comprehensive scope of the area covered 
and the new information which has been gathered, it is believed that the 
observations here presented will be of value to future work. 

In the preparation of the report the writers have conferred frequently 
concerning the many points in question which have arisen, but the condi­
tions under which the work was done, especially the lack of opportunity, 
by reason of the geographic separation of the writers, for more effective 
joint work, have made difficult this task. While most of the stratigraphic 
nomenclature and classification is the work of Mr. Plummer and much the 
r-e!'lult of joint consideration, it has been necessary in the final revision of 
the manuscript which was done by Mr. Moore (Mr. Plummer being absent 
abroad) to make some changes for which he is responsible. 



STRA TIGRAPHY OF THE PENNSYLVANIAN FORMATIONS OF 

NORTH-CENTRAL TEXAS 

By FREDERICK B. PLUMMER and RA YMQND C. MOORE 

INTRODUCTION 

LOCA TION AND EXTENT OF AREA 

The Pennsylvanian area of north-central Texas may be described with 
reference to the Mid-Continent field as two great inliers of Carboniferous 
sediments that protrude through the Cretaceous strata on the east and dip 
beneath Permian rocks on the west and north. The two areas are sepa­
rated by a narrow tongue of Cretaceous (Trinity) sand, and the south­
ernmost outcrop abuts Ordovician rocks for a short distance along the 
Llano uplift, so that the southern portion does not possess the relation­
ships of a true inlier. 

The total area covered by the two great inliers is approximately 7000 
square miles. It includes the west portion of Montague, the southeast 
part of Clay, the greater portion of Jack, Young, Stephens, Palo Pinto, 
Eastland, Brown, the eastern half of Coleman, the northern part of San 
Saba, and the northeast part of McCulloch counties. The shape and loca­
tion of these Pennsylvanian areas are shown on the index map, Figure 1. 

PREVIOUS GEOLOGIC WORK 

General Discussion.-The Pennsylvanian strata of north-central Texas 
furnish a complete and beautifully exposed section exceedingly variable 
in lithologic character and very prolific in well-preserved fossils. Yet, 
because of their isolation from the classic Mississippi Valley section, de­
tailed study of them has been long delayed. The discovery in recent years 
of great petroleum resources within this area has brought to it many geo­
logical workers and has served as a great stimulus to the study of the stra­
tigraphy, the differentiation, and correlation of its formations with those 
of other parts of the Mid-Continent region. Only recently, therefore, 
has it been receiving its due amount of attention. 

The Pennsylvanian series of Texas was first explored by Roemer, and 
later by Shumard, Ashburner, and others, but the only publications that 
deal essentially with the stratigraphy of the north Tex;as Pennsylvanian 



12 UniveTSity of Texas Bulletin 

area have been written by Tarr/ Cu·mmins;-:; and Drake' in the early 
volumes of the Geological Survey of Texas. 

W01'Jc of Tm'1'.-R. S. Tarr was the first to observe the three general 
groups of sediments in the Carboniferous system of Texas and in his pre-

" ~r.U .. 

Fig. 1 

Index Map of Texas Showing Area Covered by This Report 

liminary paper classified them into a lower group of limestones which he 
believed to be Mississippian in age; a middle group of alternating sand­
stones, shales, .conglomerates, and limestones, which he divided into the 

ITal'l', R. S., A preliminary report on the coal fields of the Colorado River: Geo!. 
Surv. Texas, 1st Ann. Rept., pp. 201-216, 1889. 

2Cummins, W. F ., The southern border of the central coal fields: Geo!. Surv. Texas, 
1st Ann. Rept. , pp. 145-182, 1889. 

3Cummins, W. F., Report on the geology of northwestern Texas : Geo!. Sury. Texas, 
2nd: Ann. Rept., pp. 3.59-394, 1890. 

'Drake, N. F., Report on the Colorado coal field of Texas: Geo!. Surv. Texas 
4th Ann. Rept., pp. 357-481, 1892. 
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Richland, Brownwood, Milburn, and Waldrip formations; and an upper 
group of limestones which he called the Coleman formation. The follow­

.jng diagram shows the relationship of the six formations with later divi­
sions. 

Present Report Tarr's Report 

{

II Albany 

I 
Cisco 1fll } 

Waldrip 

Coleman 

Cany,n { } Bmw.w"d and Milbum 

Shawn { 1 Ri,h\. nd 

B~d {I I} Ba"\lim,,t,n. 

Wor-k of Cummins.-Cummins in his report shows clearly that the strata 
of the north Texas coal fields are of Pennsylvanian age. He measured the 
section accurately, described the strata, and proposed a very good classifi­
cation of the sediments. This pioneer worker deserves much credit, for, 
considering the condition of the frontier country at that time, the task was 
most excellently done. Later geologists can add details and derive new 
conclusions, but the observations of Cummins will stand as a tribute to 
his keenness and will be an inspiration to the present and future workers. 
In the classification made by Cummins" the divisions of the Pennsylvanian 
are described as follows: 

1. Bend: The name BendG was proposed for the black shales and 
limestones typically exposed at McAnnelly's Bend of the Colorado River in 

"Cummins, W. F ., Report on the geology of northwestern Texas: Geol. Surv. Texas, 
2nd Ann. Rept., p. 375, 1890. 

GSee Report of the State Geologist: Geol. Surv. Texas, 1st Ann. Rept., p. lxv, 1889. 
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San Saba County for the strata which overlie the Ordovician rocks. Al­
though resting unconformably beneath the coal-bearing Carboniferous 
sandstones, they contain a preponderance of Coal Measures fossils and 
were therefore thought to belong to the Pennsylvanian. The division was 
first referred by Tarr7 to the Mississippian, then as a result of Cummins's 
work was transferred to the Pennsylvanian system. 

2. Millsap: The Millsap formation included9 all strata in the valley of 
Brazos River from the top of the black shales of the Bend division to the 
bottom of coal seam No. 1. Later it was found that coal No.1 could not 
be traced in the Colorado River valley, and the Millsap could not be sepa­
rated as a distinct formation; therefore, the name was dropped by both 
the United States and the Texas surveys. 

3. Strawn: The Strawn formation was made to embrace all the strata 
of the northern area from the bottom of coal No. 1 to the bottom of the 
heavy beds of limestone of the overlying Canyon division. 

4. Canyon: Unfortunately the Canyon division was not clearly de­
fined by Cummins. He stateslO "This division includes the heavy beds of 
limestone and is easily recognized by the fact that the limestones of other 
divisions are much thinner bedded." 

5. Cisco: The Cisco formation includedll all the strata that are made 
up of interbedded sandstones, limestones, and sandy shales above the heavy 
limestones of the Canyon division. 

6. Albany: The Albany formation, which was at first believed to 
belong to the Coal Measures series, included those strata practically all of 
which are composed of thick limestones and shales, above the sandstones 
of the Cisco formation and below the Red Beds of the Permian. Later 
Cummins ascertained that the shales and limestones above the Cisco form­
ation were equivalent to the Permian Red Beds of the Wichita district 
to which the' name Wichita formation had been given, and the name Albany 
was dropped, though the series is still frequently referred to as the Wichita­
Albany group. 

Work of Dmke.-The most detailed early work on the Pennsylvanian 
geology of Texas was done by Drake12 who mapped the area along Colo­
rado River Valley from the vicinity of Brownwood and Coleman to the 
Llano Mountains. He adopted the classification proposed by Cummins but 
defined the divisions more exactly by choosing a certain limestone to mark 

7Tarr, R. S., Preliminary report on the coal fields of the Colorado River: Geol. 
Surv. Texas, 1st Ann. Rept., p. 1889. 

sCummins, W. F., Report on the geology of northwestern Texas: Geo!. Surv. Texas, 
2nd Ann. Rept., p. 372, 1890. 

oIdem. 
lOLoc. cit., p. 374. 
llLoc. cit., p. 375. 
12Drake, N. F., Report on the Colorado coal fields of Texas: Geol. Surv. Texas, 

4th Ann. Rept., pp. 357-481, 1812. 
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the top of each group. Thus Drake's Strawn formation included the strata 
from the upper black shale of the Bend formation to the base of the "Coral" 
limestone; his Canyon formation extended from the base of the "Coral" 
limestone to the top of the "Campophyllum" bed; and his Cisco formation 
included all strata from the top of the "Campophyllum" bed to the top of 
the Santa Anna Branch bed. The section as described by Drake along 
the Colorado River is shown graphically in Figure 2. 

Work of Hill, Gm'don, Paige, and Udden.-Besides Tan, Cummins, and 
Drake, who have worked wholly on the Pennsylvanian strata, others have 
described certain parts of this series of beds in papers on other portions 
of Texas geology. The most noteworthy of these are R. T. Hill/3 C. H. 
Gordon,14 Sidney Paige/a and J. A. Udden.16 

R. T.Hill in his monumental paper on the Cretaceous formations of the 
Black and Grand Prairies of Texas mentioned briefly the rocks of the Bend 
group in the vicinity of Marble Falls .and gave them the name Marble 
Falls limestoneY 

C. H. Gordon in studying the underground water supply of some of the 
counties of north-central Texas made a small-scale map showing the three 
Pennsylvanian formations and described as Campophyllum-bearing lime­
stone outcropping east of Jacksboro as the top of the Canyon formation in 
Jack County.1S 

Sidney Paige in his folio on the geology of the Llano and Burnet quad­
rangles published an excellent description of the Bend strata. He used 
Hill's term "Marble Falls limestone" for the limestone member below and 
named the upper black shales the Smithwick shaleY A list of fossils from 
the Marble Falls limestone as identified by Girty was, presented. 

J. A. Udden2°' in his review of the geology of Texas describes briefly the 
several formations of the Pennsylvanian series and makes special comment 
on the lower Bend shale. Recently Girty21 and Moore22 have studied new 

13Hill, R. T., Geography and geology of the Black and Grand Prairies of Texas: 
U. S. Geol. Surv., 21st Ann. Rept., pt. 7, 1901. 

HGordon, C. H., Geology and underground waters of northeast Texas: U. S. Geo!. 
Surv., Water Supply Paper 276, 1911. 

1apaige, Sidney, Geology of the Llano and Burnet quadrangles: U. S. Geol. Surv. 
Geo!. Folio 183, 1912. 

IGUdden, J . A., Baker, C. L., and Bose, Emil, Review of the geology of Texas: 
Bureau Econ. Geol. Univ. Texas, Bull. 44, 1916. 

17Hill, R. T., loco cit., p. 94. 
lSGordon, C. H., loco cit. 
lUPaige, Sidney, Geology of the Llano and Bu.rnet quadrangles: U. S. Geol. SUl'v. 

Geol. Folio 183, p. 57, 1912. 
2°Udden, J . A ., Baker, C. L., and Bose, Emil, Review of the geology of Texas: 

Bureau Econ. Geol. Univ. Texas, Bull. 44, 1016. 
21 Girty, G. H ., and Moore, R. C., Age of the Bend series: Bun. Am. Assn. Pet. 

Geol., vol. 3, pp. 418-420, 1919 . 
. Girty, G. H. , The Bend formation and its correlation: Bull. Am. Assn. Pet. Geol., 

vol. 3, pp. 71-81, 1919. 
22Moore, R. C., The Bend series of central Texas: Bull. Am. Assn. Pet. Geol., vol. 3, 

pp. 217-241, 1919. 
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collections of fossils from the Smithwick, Marble Falls, and lower Bpnd 
members and have concluded that the upper portions of the Marble Falls 
and that of the Smithwick shale are of Pennsylvanian age. Girty con­
cludes that the fossils from the lower Bend shale are probably Mississip­
pian, but Moore is of the opinion that the lower shale should be included 
in the Pennsylvanian. . 

RECENT WORK OF THE GEOLOGISTS OF THE ROXANA PETROLEUM 

CORPORATION 

In December, 1916, the geologists of the Roxana Petroleum Corporation 
began the systematic mapping of the structure of the northern portion of 
the Pennsylvanian area. Adequate topographic maps of this area were 
not aV<tilable, and the need of a map similar to that of Drake's showing the 
principal strata was urgently felt. As the work progressed, the maps pre­
pa:red by the different geologists were fitted together and the data slowly 
compiled for a new geologic map of north Texas. Preliminary papers on 
the results of this work were presented by the writers23-24 at the meeting 
of the American Association of Petroleum Geologists in March, 1919. 
At this time the section of the strata in the northern portion of the 
Pennsylvanian area was briefly described, and a preliminary scheme of 
classjfication was proposed. 

At the present time almost the entire area of the Pennsylvanian out­
crops of north-central Texas has been mapped, and the results of the work 
are shown on Plate I, in the pocket. In the territory that was located 
favorably for oil production the outcrops of all the principal limestones 
have been traced by plane-table and alidade method, and hundreds of sec· 
tions have been measured accurately and described. The extreme south­
western portion of the area shown on the map (Plate I), that is, the portion 
south of Colorado River and west of Brady, has not been traversed, and the 
position of the limestone members has been taken from Drake's report 
and map. Also the northwestern portion of the area in Shackelford 
County north and west of Albany has not been worked in detail. The 
outcrops of the limestone members in this portion were sketched on re­
connaissance trips and are necessarily more generalized than the rest of 
the work. 

The study of the strata, the taking of thousands of necessary elevations 
in the structural work, and the tracing of the outcrops has been the work 
of all the geologists of Roxana Petroleum Corporation working in Texas. 
The following, however, deserve special credit: 

23Plummer, F. B., Preliminary paper on the stratig raphy of north-central Texas: 
Bull. Am. Assn. Pet, Geol., vol. 3, pp. 132-150, 1919. 

21Moore, R. C., Bend series of central T,)xas: Bull. Am. Assn. Pet. Geol.. vol.' 3, 
pp. 215-241, 1919. 
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John Burtt and assistants mapped most of Jack and Young, and parts 
of Palo Pinto, Stephens, and Coleman counties. 

Paul Applin, James Armstrong, Sam Wells, Chester Hammill and their 
assistants mapped Eastland, Callahan, Shackelford, and parts of Palo 
Pinto and Erath counties. 

Chester Hammill, Angus McLeod, Grady Kirby, Paul Applin, and their 
assistants mapped Brown and the greater portions of San Saba, Mills, 
McCulloch, and Coleman counties. 

E. G. Allen has furnished much valuable information concerning the sub­
surface character of the Bend group as a result of his studies of samples 
collected frem wells in the oil fields. 

Miss Linda Green has furnished the cross-section, Figure 4, as a result 
of her subsurface studies of well logs and well samples. 

Special care has been taken to correlate accurately the strata across 
areas covered by Trinity (Cretaceous) sand, by careful comparison of the 
measured sections, comparison of the lithologic characteristics of the 
strata, and comparisons of the faunal groups where the beds are suffi­
ciently fossiliferous. For example, the Saddle Creek limestone member 
by its position in the section 60 to 80 feet above the upper coal layers can 
not be mistaken. The Ranger limestone member because of its uniformly 
great thickness and chert cont~nt has distinguishing stratigraphic and 
lithologic characteristics. The Graham formation may everywhere be 
recognized by its prolific and characteristic fauna. The Graford forma­
tion contains a thin Fusulina bed by which it may readily be distinguished 
from the other Canyon divisions. In these ways the correlations of thE! 
principal limestones were made reasonably sure across the north-central 
Texas Pennsylvanian area. 

The paleontological work has been done by Mr. Moore who 'spent two 
months during the summer of 1918 studying the Bend group in San Saba, 
Lampasas, and McCulloch counties. Sections were measured, and faunal 
collections as complete as possible were made. Later several collecting 
trips were made by the writers to various localities in the upper Pennsylva­
nian formations of the area, and fossils collected by the various geologists 
of the Roxana Petroleum Corporation were submitted to Mr. Moore for 
study. All fossil determinations, plates and faunal lists . have been made 
by Mr. Moore, and he has written the paragraphs on the paleontology and 
correlations and is responsible for the faunal lists and paleontological 
determinations. 
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STRATIGRAPHY 

CONDITIONS OF SEDIMENTATION 

The Pennsylvanian sediments of north Texas are essentially deposits 
laid down in shallow water. This period of sedimentation began in the 
region with conditions favorable for the deposition of petroliferous lime­
stones and carbonaceous shales which make up the Bend group. At the 
end of this first epoch there was an elevation in the Llano Mountain area, 
an uplift of the old land masses to the east, and a folding of the rocks 
which resulted in more or less erosion, especially on top of the larger 
folds of the sediments previously deposited. Then followed a deposition 
of thick beds of sand and gravel interbedded with clay, which are now 
known as the Strawn group. These coarse sediments were succeeded 
largely by calcareous oozes aI)d marls which make up the series of strata 
which form the Canyon group. The latter part of the period was marked 
by a long epoch of oscillating levels of the sea during which beds of clay, 
sand and limestone were deposited in alternating succession to form the 
series of strata which are included in the Cisco group. 

During most of the Pennsylvanian period the shore-line was constantly 
oscillating, and the individual strata of the various epochs were laid down 
under ,various conditions of sedimentation which changed not only from 
one epoch to another in the same place, but varied laterally in short dis­
tances during the same epoch. In most places the limestones and sand- . 
stones are lentils and can be traced laterally only a few miles before grad­
ing into shales and sandy strata. However, at certain periodic spaces of 
time throughout each epoch, conditions in this epicontinental sea were ap­
parently rather uniform over the area. For example, during the Graford 
stage of deposition in the Canyon epoch the same group of invertebrates 



20 QniveTsity of Texas Bulletin 

lived in all parts of the north Texas sea, and during certain time intervals 
a remarkably uniform deposit was formed. 

CLASSIFICATION OF FORMATIONS 

CLASSIFICATION BY CUMMINS 

In the classification of the Pennsylvanian beds .presented by Cummins 
the beds of dominantly clastic type are distinguished from those of dom­
inantly non-clastic type. His classification is thus based almost wholly 
on lithologic character. It has proved a convenient grouping and would 
be without fault if the same conditions of sedimentation producing beds 
of similar lithologic character had begun and ended at exactly the same 
time in all parts of the north Texas area. Unfortunately; however, this 
has not been the situation. For example, the dominant limestone epoch 
which produced the beds of the Canyon group began later and ended sooner 
in the northern portion of the area than in the southern, so that the Canyon 
formation of Cummins in Jack County is not exactly the same as his 
Canyon formation in Brown County. 

CLASSIFICATION BY DRAKE 

Drake in his work in the Colorado coal fields has improved upon the 
classification of Cummins by choosing definite members to limit the top 
and bottom of the different formations in his area. Thus Drake defined 
his Canyon formation as extending from the top of the "Campophyllum" 
limestone above to the top of the "Coral" limestone below. This method 
of division, however, is unsatisfactory when applied to the stratigraphic 
section in the northern portion of this north Texas area. The "Coral" 
limestone is a lentil made up mainly of the coral Chaetetes which is not 
found outside the Brownwood district and can not be traced more than 
a few miles. It is undoubtedly somewhat higher in the section than the 
Palo Pinto limestone which constitutes the bottom of the Canyon division 
according to Cummins in his section of the strata in Palo Pinto County. 
Furthermore, the "Campophyllum" limestone when traced northward has 
been proved equivalent to the Gunsight limestone member of the Graham 
formation in the Cisco group. At the town of Gunsight in Eastland County 
this limestone is 240 feet above the base of the Cisco as defined by Cum­
mins2:; in Palo Pinto County. It is also stratigraphically above the 
"Campophyllum" limestone at Jacksboro, which was chosen by Gordon 
as the top of the Canyon. Obviously then the Canyon formation as de­
fined by Drake in the Brownwood district is not the same as the Canyon 
formation of Cummins in Palo Pinto County and is still different from the 
Canyon of Gordon in Jack County. 

25Cummins, W . F., loco cit., p. 374. 
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PRESENT CLASSIFICATION 

In making the new geologic map of the Pennsylvanian area an attempt 
has been made to present a classification that will conform as nearly as 
possible to the well-known groups of Cummins, and apply equally well 
to the whole of the area from Jacksboro to Brownwood. Such a classifica­
tion must be definite and at the same time be based on natural divisions 
as far as possible, corresponding to natural geologic epochs, sub-epochs, 
and stages. In this attempt the section measured by Moore . at Bend26 

and along Cherokee Creek in San Saba County has been taken as the type 
section of the lower part of the Texas Pennsylvanian (Section 1, Plate V), 
and the section measured by Cummins27 along the Brazos River Valley 
from Millsap to Fort Belknap and in part of Drake in the Colorado River 
Valley, has been taken as the type section for the higher part. The rocks 
in other exposures have been correlated with these type areas. 

On the basis of lithologic character and characteristic groups of fossils, 
the Carboniferous beds beneath the Strawn group in north-central .Texas 
have long been distinguished from the higher stratigraphic divisions, and 
have been named the Bend group. Although the basal subdivision of the 
Bend, which is named the Barnett shale in this report, may prove to belong 
to the upper Mississippian, the term Bend is here retained to designate 
the strata which have heretofore been commonly included in this division. 
Probably no geologic division in the north Texas area is so widely known, 
and it is believed both unnecessary and unwise at this time to attempt to 
redefine and rename the stratigraphic group. The well established names 
Marble Falls limestone and Smithwick shale are employed to denote re­
spectively the thick beds of limestone and the upper shale division of the 
Bend. 

It is clear from Cummins' section and from his niap28 that his Canyon 
division included the strata from the top of the limestone at Finis in Jack 
County, now known to be equivalent to the Home Creek limestone of Drake, 
to the base of the limestone on the east branch of East Fork of Keechi 
Creek, now known as the Palo Pinto limestone (Plate V) . Therefore, in 
the classification here proposed these two limestone members are used to 
separate the upper Pennsylvanian strata into three major groups: the 
Strawn below, the Canyon in the middle and including these two lime­
stones, and the Cisco above. These major groups have been further sepa­
rated into f0rmations bounded stratigraphically by the most persistent and 
easily recognized limestones. Many of these persistent limestones form 
the tops of prominent escarpments, so that most formations extend from 
the top of one escarpment to the top of the next escarpment above. These 
escarpments may easily be traced for long distances, and the strata of 

26Moore, R. c., Bend series of central Texas: Bull. Am. Assn. Pet. Geol. , vol. 3, 
pp. 221-225, 1919. 

"7Cummins, W. F., Report on the geology of northwestern Texas: Geol.Surv. Texas, 
2nd Ann. Rept., PIs. XVI and XVIII, 1890. 

28Cummins, W. F., loco cit. 



Table 1 

CLASSIFICATION OF THE TEXAS PENNSYLVANIAN 

PRESENT CLASSIFICATION 
CUMMINS DRAKE 

Colorado River Valley Brazos River Valley 

PUTNAM I Shale and thin lines t one. Cole - PUTNAM I Shale and thin limestone, Cole-
FORMATION 75-150 ! man Junction bed at top. FORMATION 175-200 man Junction bed at top. 

MORAN I Shale and thin lim es tone. Sed - MORAN I Shale and thin limes tone, Sed-
CISCO FORMATION FORMATION 200 wick limestone at toP. FORMATION 175- 300 I wick limes tone at top. 

Separated into 19 divis- PUEBLO Shale and thin limes tone. Camp PUEBLO Shale and thin limestone, Camp 
CISCO _ FORMATION ions. from the base of FORMATION 125-175 Colorado limes tone at top. FORMATION 100-180 Colorado limestone at toP. 

the Trickham sandstones 
Includes all the strata to the top of t he Santa CISCO GROUP Shale, sandstone, lim estone HARPERSVILLE Shale, sandstone, thin lime-
from the top 0> the Anna Branch bed. HARPERSVILLE 150- 200 and coal, Saddle Creek bed at 175 stone and coal. Sadd le Creek 
massive Canyon lime- FOl<,illATION FORMATION bed at top. 
stones to the base or t op. 

the Permian. THRIFTY I Thin limestones and shale, THRIFTY Thin limestones and shale , 
FORMATION 150-175 . Breckenridge limestone at top. FORMATION 100 - 150 Breckenridge limestone at top. 

--

GRAHAM GRAHAM 350-550 
Thick sandy shale, sandstones, 

90 -1 25 Thin coralline limestone and conglomerate and thin lime-
FORMAT ION sandy shale. FORMATION stones. 

Campophyllum bed 
Bluff Creek bed 

CADDO CREEK Sandstone, shale and lenticular CADDO CREEK 100-1 75 Sandstones, shale, with persis -
30-75 conglomerate, Home Creek tent Home Creek limestone at 

CANYON FORMATION Home Creek bed FORMATION 
limestone at toP. 

FORMATION top. 

Includes the massive Hog Creek bed 
Shale, sandstone and limestone 

limestones in the middle Cherty limestone BRAD Sandy shale, limestone lentils, BRAD 175-325 lentils, with cherty Ranger lime. part of the Pennsylva- Ded No.7 FORMATION 200 - 2~0 persistent, cherty Ranger lime FORMATION stone at toP. 
nian s ection or Texas. Clear Creek bed CANYON GROUP stone at top. 

Cedarton bed 
400 

Mlassive limestone a nd thick 

STRAWN FORMATION Adams Branch bed GRAFORD sandy s hale. Adams Branch 

Includes strata from base Brownswood bed GRAFORD Shale with lenses of sandstone, FORMATION limestone at toP. 

of massive limestones to Rochelle conglomerate FORMATION 150-250 limestone and conglomerate, 
coal bed No. 1. Coral limestone Adams Br. limestone at top. PALO PINTO 50-100 

Massive light to dark lime-
LIMESTONE stone, pinches southward. 

STRAWN FORMATION 600-750 
Massive. coarse sandstone, 

MINERAL WELLS sandy shale and few very thin 
UNDIFFER- Shale. massive sandstone con - FORMATION impure limestones. 

Separated into 1 9 divi-
MILLSAP FORMATION s ions consisting of shale, STRAWN GROUP ENTIATED 1200~3800 glomerate and few thin lime-
Below coal No_ 1. Dark blue to black s hale. few 

sandstone and sandy stones. MILLSAP 800- 3000 limestones and light sandstones, 
s hale. FORMATION coal at top. 

SMITHWICK Yellow green sandy shale over- SMITHWICK 100-600 Dark fissile and sandy shale . BEND FORMATION . SHALE 100-400 lying black fissile shale . SHALE _._---
The black s hale and lime - MARBLE FALLS Dark gray and black crystal~ 
stone exposed at McAnn- BEND (Not discussed) BEND GROUP MARBLE FALLS Dark gray to black. massive. 700-800 line lim estone and thick beds 200_600 LIMESTONE elly's Bend of Colorado LIMESTONE crys taJline lim es tone. black shale. 
River. 

Dark gray and black fissile BARNETT 
T Not known but probably present. BARNETT SHALE 0-150 shale. SHALE 

ELLENBURGER ELLENBURGER ORDOVICIAN ELLENBURGER Light gray and white massive ELLENBURGER I Light gray and white massive 
LIMESTONE LIMESTONE LIMESTONE limestone. LIMESTONE limestone 



TABLE 2. ' ~ORRELATION OF THE TEXAS PE NNSYLVANIAN 

Drake's subdivisions 
PRESENT CLASSIFICATION 

Colorado River Valley 

�-Ja-'g..:."'-'-B-'-nd-b-oo----11 Limestone and shale 
Bed No.8 

§ Elm Creek bed 

.~ Coleman bed 

~ Bed No.5 

~ Indiun Creek bed 

~ H ordes Creek .bed 

..... Lost Creek bed 

Coleman Junction bed 

Santa Annu Branch bed 

Bed No. 18 

Santa Anna bed 

Horse Creek bed 

Stock wether bed 

.Camp Creek bed 

Saddle Creek bed 

~ Waldrip bed 

Elm Creek limestone 

Limestone and shale 

Hordes Creek limestone 

Lost Creel( shale 

Coleman Junction limestone 

Santa Anna Branch shale 

Scdwick limcstone 

Santn Anna shale 

Horse Creek limestone 

Shale 

Stockwether limestone 

Camp Creele shale 

Saddle Creek limestone 

Shale, sandstone and coal 

Formations Bra:.-;os River Valley 

BELLE PLAlNS Limestone and shale 
FORMATION 

Elm Creek limestone 

ADMIRAL 
FORMATION Limestone nnd shale 

MORAN 
I~ORMA'l'ION 

PUEBLO 

Shale nnd thin limestones 

Sedwick limestone 

Sandy shale 

Dothan limestone lentil 

Shale 

FORMATION Eolian limestone 

HARPERSVILLE 
FORMATION 

Shale 

Saddle Creek limestone 

Shale and sandstone 

Belknap limestone 

Shale, sandstone and coal 
t3 

____ _____ 11 =~~~~~=======I============I~C'~'Y~'m:":F:'.:":':":m:~:~:n:e::: ~ ~ Shale: 

13reclcenridge limestone Bl·eckenridge limestone g 
Chamn bed 

Parks Mountain bed 
Shale, sandstone and limestone I·S_h_"' _______ 15 

Blaeh Ranch limestone 

Lohn bed Speck Mountain limestone Shale and sandstone 
THRIFTY 

Speck Mountain limestone FORMATION Ivan limestone 

::,SP-",-'k.....,M_ou_n.,."'..,'n,.-"-,oY __ '1I Shale, sandstone and limestone 

Bellerophon bed 

Trickham bed 

~=================II~w_~..,"..,n_d~'~ha_" ___________ 1 

Campophyllum bed Gunsight limestone 

Bluff Creek bed 
Bluff Creek shale 

Home Creek bed Home Creek limestone 

Z Hog Creek bed Ho~ Creek shale 
o ,. 
~ 

Cherty limestone Ranger limestone 

-D'-d-N'-o-, -,-----,11 ::OPI;-"-"d:-c'h,-';-"- -----1 
Clear Creek bed 

Cedarton bed 

Adams Branch limestone 

Brownwood bed 

Coral limestonet 

Rochelle conglomerutet 

TUcker bed 

Antelope Creek bed 

• Indian Creek bed 

Comanche Creek bed 

Wilbarger bed 

Buffalo Creek bed 

Rough Creek bed 

Hanna Valley bed 

Cottonwood C)·eek bed 

; Spring Creek bed 

~ . Brown Creek bed 

'" Big Valley bed 

Bull Creek bed 

Horse Creek bed 

Fox Ford bed 

Bed No.8 

Shadrick Mill bed 

Elliott Creek ~ed 

Burnt Branch bed 

Lynch Creek bed 

Clear Creek limestone 

Cedarton shale 

Adams Branch limestone 

Brownwood shale 

I Capn' lim,,'on. 
Rochelle conglomerate 

(Not present) 

Undifferentiated 

GRAHAM 
FORMATION 

CADDO CREEK 
FORMATION 

BRAD 
FORMATION 

GRAFORD 
FORMATION 

PALO PINTO 
LIMESTONE 

Shale and sandstone 

Limestone 

Avis sandstone 

Wayland shale 

Gunsight limestone 

South Bend shale 

Bunger limestone 

Gonzales Creek shale 

Jacksboro limestone 

Finis shale 

Home Creek limestone 

HOIl Creek shale 

Ranger limestone 

Seaman Ranch shale 

Adams Branch limestone 

Brownwood shale 

Undifferentiated 

Keechi Creek shale 

Turkey 'Creek sandstone 

Salesville shale 

Lake Pinto sandstone 

MINERAL WELLS 1--------­
I~ORMA'fION 

East Mountain shale 

Braz:os River sandstone 

Mingus shale 

Thurber coal 

F~rih~;.1~N Unclilterentiated 

Undifferentiated SMITHWlCK SHALE Not exposed I .. 
~u=nd=i=~~'.=n=ti=.'~'d========== I:==M~t~~~~E~L~~T~~~tL~t=S==1=N=ot=.=xp=O="~d========== ~~ 
Undifferentiated BARNETT SHALE Not exposed 

"Coon Mounblm sandstone IS Crctace<lus. 
tD rakc's order reveNed. 
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their slopes in many places have coarse sands and sandy shales at the base, 
fine shales and thin limestones above, and a thick limestone at the top. 
The series in each formation exhibits characteristics peculiar to the epoch 
during which they were deposited or have distinctive faunal families, so 
that the divisions are natural and easily recognized. 

The Strawn group contains no persistent limestones, and as yet insuffi­
cient work has been done to warrant the exact correlation of any of the 
sandstone members in the Colorado River Valley with those of the Brazos 
River Valley. Consequently the Strawn beds in the different districts have 
been described separately. In the Brazos River Valley two main sub­
divisions have been recognized, each of which contains several members. 
In the Colorado River Valley Drake's 19 divisions have been retained. The 
Canyon group has been divided into four divisions, and the Cisco into five. 
The relationships of all the geologic units and brief stratigraphic divisions 
are presented in Table 2 and are shown graphically in Plate II. (Pocket) 

BEND GROUP 

The lowermost strata of the Pennsylvanian in north-central Texas are 
exposed on the north and east flanks of the Llano Mountain area. They 
consist of gray and black limestone and beds of black and greenish shale 
which are different in lithologic character from the higher portions of the 
Pennsylvanian and are separated from them by an angular unconformity. 
These beds have been designated the Bend group from McAnnelly's Bend 
of the Colorado River in eastern San Saba CountyZ9 and the name has 
come into such common usage not only among the scores of geologists who 
have been engaged in the oil fields of north-central Texas but among all 
those interested in the oil development of this region, that it may well be 
regarded as one of the most widely known of the geological units of the 
southwest. Notwithstanding some uncertainty at the present time as to 
whether all of the beds which have commonly been placed in the Bend are 
from the standpoint of geological age a unit, the name is used in this report 
to designate the lowermost group of Carboniferous rocks in the north­
central Texas region. No other geological division in the area under con­
sideration has such great economic importance or general interest. 

BEDS OF UNCERTAIN AGE 

Under this head is included the lowermost portion of the North Texas 
Carboniferous, 10 to 50 feet in thickness at the outcrop, which has pre­
viously been known as the Lower Bend shale30 and which is here named 
the Barnett shale. Many of its contained fossils are closely related to 
upper Mississippian forms and it is possible that this basal division belongs 

29Cummins, W. F., loco cit., p. lxv. 
sOUdden, J . A., Baker, C. L. and Bose, E., Iteview of the geology of Texas, Bur. Econ. 

Geol. and Tech., Bull. 44. 
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to the Mississippian portion of the Carboniferous.3 1 On the other hand, as 
will be indicated in the ~discussion of the age and correlation of the 
Barnett shale, it is the opinion of some workers32 that the beds in question 
are to be referred to the Pennsylvanian. In any case, it seems best for 
the present, tentatively to retain this basal shale as a part of the Bend 
group, to which it has previously been referred and to which it naturally 
and economically belongs. 

BARNETT SHALE 

Name and Stmtigmphic Position.-At the base of the Pennsylvanian 
formations and overlying the Ellenburger limestone in certain places 
around the Llano Mountains is a thin layer of soft shale, 10 to 50 feet in 
thickness, overlain by thin layers of brownish, concretionary, petroliferous 
limestone. These beds are here named the Barnett shale, from Barnett 
Springs, about five miles east of San Saba, near which is a typical ex­
posure of the shale. As here defined the Barnett shale comprises all the 
shale and l.imestone strata between the massive beds of the Marble Falls 
limestone above and the Ellenburger (Ordovician) limestone, as observed 
in the Llano region and reported in well logs in north-central Texas. 

Extent and Thickness.-The Barnett shale may be traced as a narrow 
belt between the Marble Falls limestone and the Ellenburger outcrop. 
Many of the roads in San Saba County follow the contact between the 
Marble Falls and Ellenburger limestones, because the weathering of the 
Barnett shale makes a narrow smooth pathway about the width of a road 
between the very rough, difficultly passable terranes on either side. In 
fact, the outcrop is in most places too narrow to show by a separate color 
on the map and it is represented by the line of contact between the lime­
stones above and below. The maximum thickness of the shale on the out­
crop is not over 50 feet, and in most places the beds are less than 30 feet 
in thickness. At Marble Falls and at the base of the Marble Falls outcrop 
south of Lampasas the formation is apparently lacking and the Marble 
Falls rests directly on the Ellenburger limestone (Fig. 4B). The Barnett 
shale is recorded in nearly all the well logs which have been drilled to the 
Ellenburger north of Brownwood, its average thickness ranging from 80 
to 120 feet in this region. (Plate V) 

Noteworth?J Exposures.-Some of the best exposures of the Barnett 
shale are-on Cherokee Creek .southwest of the town of Bend, in the south­
eastern part of San Saba County. It may also be studied along the San 
Saba road five miles east of San Saba, and along the Bend-Cherokee road 
about ten miles west of Bend. 

Lithologic Chamcter.-Where exposed on the outcrop the Barnett shale 
weathers in most places to a yellow-gray, soft, clayey material containing 

:11 Girty , George H. , The Bend formation and its correlation, Bull . Am. Assn. Pet. 
Geol. , vol. 3, pp. 71-81, 1919. 

32 Moore, Raymond C., The Bend series of central Texas , Bull. Am. Assn. Pet. Geo!., 
vol. 3, pp. 217-241, 1919. 
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a few fossils. In other places it is a black, fissile, and non-fossiliferous 
shaJe. Samples from the wells show the original shale to be soft, black, 
and quite petroliferous, and in many places it will yield an odor of petro­
ieum without heating. 

The limestone just above the black shale, which contains nautiloids and 
Caneyellas of Mississippian aspect, is dark drab to brownish black in color, 
is shaly and weathers into rounded concretionary forms. The concretions 
when broken give a distinct odor of petroleum and most of them contain 
fossils. The following section measured on the San Saba-Chappel road 
shows the shale at its maximum thickness: 

Section Measured Along the San Saba-Chappel Road Just South of Simpson Creek 

Thickness 
MARBLE FALLS LIMESTONE- Feet 

3. Limestone, dark drab to black, fine-grained, thin-bedded, well-defined 
conchoidal fracture ............................. .......... ......................................... 20 

BARNETT SHALE-
2. Shale, drab, gray to yellow-brown, sandy, with thin beds of soft and 

hard brown sandstone, few fossils............. .................................. ......... 55 
ELLENBURGER LIMESTONE-

1. Limestone, light blue gray, massive to thin-bedded, medium to rather 
coarse-grained, crystalline, some beds cherty, non-fossiliferous........ 80 

Regional Variations.-In the wells drilled in Mills, San Saba, and Brown 
counties the thickness of the Barnett shale varies much the same as it does 
on the outcrop. The wells listed in Table 3, for which trustworthy records 
were kept and samples saved, show the areas in which the Barnett shale 
is absent aI~d the Marble Falls limestone lies directly in contact with the 
Ellenburger limestone . . 

TABLE 3.-Wells in which the Marble Falls limestone lies in direct contact with the 

Ellenburger limestone. 

Well Name Company 
Cross No.1 Bishop Oil Co. 

Cummins No.1 
Cawyer No.1 
Matlock No. 1 

Coline Oil Co. 
Burford Brimn 
Pecan Bayou Oil Co. 

Location 
9 % mi. N. of Regency, near Brown-Mills 

county line. 
Near Locker, San Saba County. 
2 % mi. SE. of Mercury, McCulloch County. 
4 mi. E . of Brownwood, Brown County. 

The wells listed in Table 4, from which samples were also collected and 
studied, show the Barnett formation about the same thickness as in the 
best sections along the outcrop. 

TABLE 4.-Wells south of Brownwood which showed the thickness of the Barnett 

shale similar to that along the outcrop. 

Well and Company 
Calloway, Lone Star Co. 
Coyle, Lucky Six Co. 
Knox-Andrews, Pippin Co. 

Location 

5 mi. SW. of BrowT\wood, Brown County .... ....... . 
1 mi. S. of Elkins; Brown County ...................... .. 

Thickness 
Feet 

40 
30 
45 
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In the northern portion of the area, as far north as Graham in Young 
County, a shale beneath the Marble Falls limestone has been encountered 
in wells drilled to the Ellenburger limestone. In Table 5 is a list of wells 
from which samples showed the thickness of this shale to be considerably 
greater thari its average thickness along the outcrop. 

TABLE 5.-Wells north 'and east of Brownwood which showed thicknesses of the 

Barnett shale greater than the average thickness along the outcrop. 

Well 

Capps No.1 
Baugh 
Weedon 
Neff 
Rudd 
Shoor 
Holcomb 
Seaman 
Arnold No.2 

Company 

Texas Eastern 
Bartles-Dumenil 
Patridge 
Sinclair-Gulf 
Roxana 
Humble 
Cosden 
Roxana 
Texas 

Location 
Thickness 

Feet 

2 mi. N. of Brownwood, Brown County.. 125 
8 mi. N. of Brownwood, Brown County.. 120 
6 mL E. of Thrifty, Brown County ..... _.. 125 
3 % mL W. of Burkett, Coleman County 80 
3 mL SW. of Gorman, Comanche County 85 
6 % mi. S. of Cisco, Eastland County.... 150 
2 mi. E. of Eastland, Eastland County.... 132 
6 mL N. of Brad, Palo Pinto County...... 140 
9 mi. NW. of Graham, Young County.... 140 

The cause of the thinning and non-appearance of the Barnett shale in 
places along the outcrop and in sections of wells drilled south of Brown­
wood has not been definitely determined. Some geologists have regarded 
this condition as evidence of an erosional unconformity between the Marble 
Falls limestone and the Barnett shale and ascribe the absence of the shale 
to a pre-Marble Falls erosion period. Others have attributed its absence 
to non-deposition of the shale due to elevation of the Ellenburger :floor 
in certain places, particularly around Llano Mountains, above the Barnett 
shale sea and to an overlap of the Marble Falls limestone on the Ordovician 
shore. The latter hypothesis seems better substantiated by observations: 
(1) In well logs where the Barnett shale is absent the Marble Falls lime­
stone is much thinner due to the thinning or absence of the shale beds 
in the lower part of the Marble Falls, whereas the top of the Marble Falls 
and overlying Smithwick shale is of normal character and thickness 
(Plate V); (2) in places where several wells have been drilled to the 
Ellenburger, as those in the Sipe Springs-Gorman district, the top of this 
Ordovician limestone is known to be uneven, and though it is in general 
an old base-level surface, doubtless a few hills or monadnocks remained; 
(3) finally, no sand layers, coarse material, or Ellenburger pebbles are 
known to be present anywhere between the Marble Falls limestone and the 
Barnett shale either on the outcrop or in any of the hundreds of samples 
from wells at this horizon. Surely a marked unconformity above the 
Barnett shale would be shown by some evidence in the section. 

Paleontology.-The fauna of the Barnett shale, as known at the present 
time, is not large but it has an important bearing on the problem as to 
the geologic age of the formation. Not all parts of the Barnett, so far 
as they have been studied, are by any means equally fossiliferous. The 
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black, fissile, carbonaceous beds appear to contain no recognizable fossils; 
the yellowish, clay shales contain some fossils but the most fossiliferous 
portions of the formation appear to be some marly beds consisting of thin 
alternating beds of shale and shaly limestone such as appear in the vicinity 
of Barnett Spring on the road from San Saba to Bend. The locations 
where collections were made are shown on Plate VIII. 

A 

B 

Figure 4. Diagram showing the possible relationships of the Bend group to the 
underlying Ellenburger limestone at Marble Falls 

One collection was made from the shale beneath the Marble Falls lime­
stone on the San Saba-Chappel road two miles southeast of San Saba. 
The fossils are weathered out of the shale and are well preserved. 

Fauna of the Barnett shale, southeast of San Saba 

Leiorhynchus GaTbonife1'um (Girty) 
Leda bellist1'iata (Stevens) 
Gluphiocems n. sp. 

A second collection was obtained from calcareous nodules in the black 
shale on Wallace Creek about 9 miles southwest of San Saba. A consid­
erable number of specimens was found here but almost all belong to a 
single species, Ambocoelia planoconvexa. 
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Fauna of the Barnett shale, Southwest of San Saba 

Plant fossil (Cordaites?) 
Lingula albapinensis Walcott 
01"biculoidea n. sp. 
Ambocoelia planoconvexa (Shumard) 

Girty33 reports that about 35 to 40 species are contained in his collections 
from this horizon. They include a considerable number of cephalopods 
belonging to three or four species of goniatites, one or two species of 
pelecypods probably referable to the genus Caneyella, and brachiopods; the 
most important and abundant of which is Leiorhynchus ca1"bonife1"um. 
(Plate VI). 

Data are perhaps insufficient for an analysis of the Barnett shale fauna. 
It appears to be a typical shale fauna in that it contains a larger molluscan 
element than the limestone fauna above it. The most common and im­
portant forms are the brachiopods Leio1"hynchus carboniferum, Ambocoe­
lia planoco11vexa, a series of small high-spired gastropods and the cephalo­
pods belonging to the genus Glyphiocems. The last includes the two 
species which have been reported in some writing as Goniatites sh"iatus 
and G. crenistria. 34 

A single specimen which is apparently referable without question to the 
common Pennsylvanian genus of protozoans, Fusulina, is contained in a 
collection of fossils made by Mr. Plummer from marly beds near Barnett 
Spring which appear to be transitional between the Barnett shale and the 
Marble Falls limestone. This shell is typical in form, about 1.0 mm. in 
diameter and 4 mm. in length_ The specimen has not been thin-sectioned 
and has not been specifically identified. There has not, unfortunately, 
been opportunity for search for other specimens. On account of the ab­
sence of typical Fusulinas in Mississippian sediments and their common 
presence in rocks of Pennsylvanian age, the occurrence of this form in the 
basal part of the Bend is significant. 
" The brachiopods which have been studied from the Barnett include 

representatives of the genera Lingula and Orbiculoidea which appear to 
be associated characteristically with clastic, muddy sediments. They are 
not very readily or accurately identifiable but one is practically identical 
with Walcott's figures of L. albapinensis from the White Pine shale of 
Nevada. The most common species is a robust rhynchonelloid shell, 

~ 3Girty, G, H., The Bend foxmation and its correlation, Bull. Am. Assn. Pet. Geol., 
vol. 3, pp. 72-73, 1919. 

34The structural chaxacters of the Barnett cephalopods' under consideration place 
them in the genus Glyphioceras as now' defined. Careful study of the specimens in 
hand makes very doubtful the equivalence of Hyatt's species G. cumtninsi and G. in­
cisum with G, st1-iatum and G. CJ1'enist1'ia respectively_ The latter species axe Euro­
pean forms which are questionably identified with American shells. While 'N!thout 
doubt there is a general agreement in form and markings, important specific difi'ex­
ences appear to exist. 
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Leiorhynchus ca1'bonife1'um, first described by Girty from the Moorefield 
shale of northern Arkansas. This species is common also in the Caney 
shale of southern Oklahoma and is regarded by Girty as important evi­
dence of the relation of the Barnett shale to those formations. CliotlmJ­
ridina, which is represented by fragmentary material, is known both from 
the Mississippian and the Pennsylvanian but is more common ' in the 
former. 

Among the pelecypods, Leda bellistriata (Plate VII) is very widely dis­
tributed and abundant in the Pennsylvanian of the Mississippi Valley and 
the Cordilleran region. It is reported from Stage B (Marmaton) to 
Stage G (Shawnee) in the Kansas section. However, this form is so 
similar to some of the Mississippian shells that with little doubt it has 
been confused in some of the identifications. 

The cephalopods of the Barnett shale are without doubt an important ele­
ment in the fauna which have a significant bearing on the age and correla­
tion of the formation. Of these, four species are at present recognized: 
Glyphioceras cumminsi, G. incisum, a new species of Glyphioce1'as and 
Gastrioceras entogonum. 

The genu~. Glyphioceras, to which it appears that a considerable portion 
of the old, broadly inclusive genus Goniatites should now be referred, is 
much the most abundantly represented in the Barnett fauna. Individuals 
of each of the species, especially in some localities, are very commonwhiIe 
examples of G. entogonum are rather uncommon. G. cumminsi and 
G. incisum, while possessing readily distinguishable characters in form, 
sutures and surface ornamentation, are both medium-sized subglobose 
shells with low whorls and with the exterior marked by longitudinal and 
cross striae. The new species (Plate VII), which .is very abundant and 
beautifully preserved, is very small and very unlike the other two. 

G. cumminsi and G. incisum resemble respectively two European species, 
G. striatum and G. c1'enistrium which are characteristic fossils of the upper 
part of the Lower Carboniferous in Great Britain, Belgium, and Ger­
many. In his monograph on the Carboniferous ammonoids of North 

. America, Smiths5 identified these European species from two localities in 
the United States (1) the Moorefield shale at Moorefield and near Bates­
ville, Arkansas, and (2) the Bend series near Lampasas and in San Saba 
County, Texas. Thus he referred Hyatt's species from the Barnett to the 
two Old World species. Shells apparently identical with Smith's were 
collected by GirtySG from the Moorefield shale at Moorefield, Spring Creek, 
and Howard Wells, Arkansas. He referred them all to a new species 
G. (Goniatites) choctawensis which he recognized as related to G. st1'iatum 
but evidently different from the European form. G. choctawensis has 
been identified in the Caney shale of southern Oklahoma. The species is 

35Smith, J. P., Carboniferous ammonoids of North America, U. S. Geol. Surv., Mon. 
42, 1903, pp. 69-70, 80-81. 

3GGirty, G. H., Fauna of the Moorefield shale, U. S. Geo!. Surv. Bull. 439, p. 98, 
100-1. 
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regarded by Girty as equivalent to Smith's G. striatum from northern 
Arkansas and probably Bend, Texas, but he does not include G. cumminsi 
Hyatt in the synonymy of G. choctawensis. Girty suggested Smith's 
G. crenistrium from the Moorefield shale probably belongs at least in part 
to G. chocta,wensis but on the authority of Smith's identification he re­
tained it in the faunal list of the Moorefield. According to Girty G. cren­
istriu11L possessing the characters of Hyatt's G. incisum from the Bend is 
not found in the Moorefield shale, nor does typical G. cumminsi appear to 
be "present there. In short, careful study of the discussions, descriptions 
and illustrations of Hyatt, Smith and Girty indicates that the two forms 
from the Barnett shale described under the names G. cumminsi and G. in­
cisum are more or less distinct both from the Caney-Moorefield forms de­
scribed by Girty as G. choctawensis (=G. striatum and probably in part 
G. crenistri'llm Smith) and from the European species mentioned. With­
out doubt the Bend species are related to the others. 

Gash'ioee'tas entogonum and the new species of Glyphioce1"aS are not 
known outside of the Bend series. It may be noted with reference to the 
genus Gastriocems that of the 14 species which have been described from 
North America outside of the Bend, all but two, which come from the Caney 
and Moorefield shales, are Pennsylvanian. The new species of Glyphio­
ceras is very abundant, associated with numerous Leiorhynchus carbon­
iferum and other elements of the Barnett fauna in the basal part of the 
Marble Falls limestone on Cherokee Creek in eastern San Saba County. 

C01Telation.-The determination of the geological age and the correla­
tion of the Barnett shale rests upon its paleontological character and 
stratigraphic relations to the contiguous formations. 

Some of the elements in the fauna, as has been indicated, appear by 
comparison with the fossil life of other geologic formations to represent 
late Mississippian time. Suggestive of the Mississippian are the brach­
iopods Leiorhynchus ca1'boniferum, L. carbonife1'um polyple~mtm, and the 
goniatites Glyphiocems cumminsi and G. incisum. The species of Leio­
'I hynch'us are found typically arid abundantly in the faunas of the Moore­
field shale of northern Arkansas and the Caney shale of southern Okla­
homa. Goniatites nearly allied to those of the Barnett shale are also 
found in both of these formations. Representatives of the pelecypod 
genus Caneyella, which are reported by Girty, also suggest affinities with 
the Moorefield and Caney. Doctor Girty regards the occurrence of these 
forms in the Barnett as very strong if not conclusive proof of the Missis­
sippian age of the shale. 

On the other hand, some of the elements in the fauna of the Barnett 
shale indicate the possible Pennsylvanian age of the shale. One of these 
at the top of the Barnett, is Fusulina, a world-wide marker of the Penn­
sylvanian and Permian but which has not been reported from Mississip­
pian strata. Leda bellist1'iata is a very common Pennsylvanian fossil but 
one which is not particularly diagnostic. The goniatites may be regarded, 
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as it appears to the writers, as lower Pemisylvanian as well as upper Mis­
sissippian, for it is not at all certain that they are conspecific with the 
form from the Moorefield and Caney shales and almost assuredly they 
are different from the European · species. Both Glyphiocems and GastTi­
oceTas are typically Pennsylvanian rather than Mississippian genera. 

From the standpoint of its stratigraphic relations the Barnett · shale 
seems to be inseparable from the beds which overlie it and which with it 
have previously been referred to the Bend group. In the first place there 
can be no question of the conformabiHty of the basal part of the limestone, 
which is here referred to the Marble Falls division, to the shale, for not 
only is there no evidence of erosional break at the contact of the shale with 
the limestone but the distinctive faunal elements of the shale, Lei01'hynch~ls 
ca1'bonifeTum, pelecypods and goniatites, occur very abundantly in the 
lower part of the massive limestone.a7 Also in some places the upper part 
of the Barnett shale is composed of thin alternating beds of limestone and 
shale which appear to grade without sharp line of division into the massive 
limestone which is called Marble Falls. The absence of the Barnett shale 
beneath the Marble Falls in some localities and apparently of some 
of the basal beds of the Marble Falls limestone as well, is probably the 
result of overlap upon the somewhat irregular surface of the Ordovician 
limestone. 

In the second place studies of very many well logs in north-central Texas 
which have now been drilled through the Barnett shale indicate that the 
formation is widely distributed and remarkably uniform in thickness. 
Should a soft, non-resistant formation such as the Barnett shale have been 
exposed to subaerial erosion for an appreciable time, it might be antici­
pated that it would have been deeply and irregularly eroded, in which case 
the thickness in closely adjacent areas might be notably unlike. Also, 
in the stratigraphic relations of the shale to the subjacent Ellenburger 
limestone as shown in well records, there is indication that the strata 
of the Barnett division are conformable to those of the Marble Falls. 

If the Barnett shale is Mississippian it is either (1) entirely conform­
able with the Pennsylvanian Marble Falls limestone above or (2) there is 
an unconformity in the lower part of the massive limestone which is here 
regarded as Marble Falls. In the first case it would appear that in late 
Mississippian time the sea began to advance over a wide land of Ordovi­
cian limestones with very gentle relief. The region was not apparently 
covered at any other portion of the Mississippian for no other rocks have 
been observed at the outcrop or in well records between the Barnett and 

37Marcus Goldman in a paper presented before the December, 1920, meeting of the 
Geological Society of America reports the presence of glauconite at the top of the 
Barnett shale in three series of wel! cuttings examined. From this it is concluded, 
notwithstanding the occurrence of this mineral at many other horizons in the Bend, 
that a marked unconformity exists between the basal black shale and the Marble Falls 
limestone. However, in field occurrences observed by the writers, the typical basal 
Bend fauna extends beyond the supposed break into the massive limestone and there 
is no observed evidence of unconformity. 
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the Ellenburger. Although in ~ther parts of the Mississippi Valley there 
was a pronounced break and in places a very prolonged break between the 
Mississippian and Pennsylvanian there . was none here. Apparent con­
formity suggests stratigraphic relations which are reported in parts of 
the west. In the second case, an interval of erosion, perhaps not a long 
one, intervened after the shale and a part of the massive limestone had 
been deposited. When deposition was resumed the sediments were suffi­
ciently like those which had been previously laid down to conceal the line 
of unconformity. The only evidence of such a break is then in the ap­
parent change in the fossils which takes place between the lower part 
of the limestone and the middle and upper parts which contain an un­
doubted Pennsylvanian fauna. 

Girty has suggested that the Marble Falls limestone includes only the 
beds which are exposed at the type locality which do not contain the 
typical Barnett shale fossils. The lower part of the limestone in eastern 
San Saba County which contains fossils like those of the subjacent shale 
should then be included with the Barnett shale. 

If the Barnett shale is Pennsylvanian, as appears probable to the 
writers, it is to be regarded simply as the initial deposit of the advancing 
early Pennsylvanian sea in this region. The change to limestone deposi­
tion more or less sharp in different localities was not accompanied by a 
marked change of fauna. Gradually and without observed break in sedi­
mentation a fauna of unquestioned early Pennsylvanian aspect developed, 
as seen higher in the Marble Falls limestone. Parts of the Llano Uplift 
were apparently not at first submerged and here the Barnett shale and 
some of the lower beds of the limestone were not deposited. Where the 
Marble Fallg limestone rests directly on the Ellenburger limestone its 
lower portion has been described as distinctly conglomeratic, fragments of 
the lower limestone being included in the younger formation. It is per­
haps noteworthy that this conglomeratic phase is at no point observed 
above the Barnett shale. 

The Barnett shale may be correlated with the lower part of the Morrow 
group of northern Arkansas and northeastern Oklahoma if, as here con­
sidered, it constitutes the lower portion of the Bend group, conformable 
beneath the higher divisions. The correlation of the Marble Falls lime­
stone with the Morrow and other geologic units will be discussed in treat­
ing that division. The Barnett is possibly equivalent to the upper part of 
the Caney shale of southern Oklahoma. The Caney underlies the Wapa­
nucka limestone which is apparently equivalent to the Marble Falls. 

MARBLE FALLS LIMESTONE 

Name cmd Stmtig'raplvic Position.-The massive limestone division 
which comprises the middle portion of the Bend group was named by 
R. T. HiII38 in 1889 from exposures in the vidnity of the town of Marble 

3SHill , R. T., Arnel·. Geol., May, 1889. 
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Falls, on the southeast side of the Central Mineral Region, The lime­
stones are excellently exposed in the gorge of the Colorado River and 
opposite the town have produced a picturesque falls. 

Wherever the Marble Falls limestone has been observed in direct contact 
with the Barnett shale they appear conformable. In a few places, as in 
the vicinity of Marble Falls, the Marble Falls limestone overlaps the 
Barnett shale and lies directly on the Ellenburger (Ordovician) lime­
stone with unconformable relationships. In a few places where these 
two limestones are adjacent the line of contact is marked by a bed of chert 
and limestone pebbles or by a thin layer of conglomerate; in other places 
a thin layer of partially cemented limestone brec'cia is present. In the 
district near San Saba no gravel marks the contact, but the upper portion 
of the Ellenburger is altered at the contact to a white, soft, chalky, tufa­
like layer 5 to 8 feet thick. 

Extent and Thickness.-The extent of the outcrop of the Marble Falls 
limestone is well shown on the map (Plate 1). North of the outcrop it 
extends beneath the younger formations across the entire north-central 
Texas area and has been encountered in every well drilled through the 
Strawn formation as far north as Red River and as far east as Fort Worth. 
Its western limit beneath the younger formations is not known. However, 
black limestones similar in lithologic character to the Bend have been 
recognized in deep tests as far west as San Angelo in Tom Green County, 
and beds which are very similar and perhaps equivalent to it are reported 
from wells drilled in west Texas beyond the Pecos.3n 

It is difficult to measure and describe a continuous section across the 
Marble Falls limestone because folding and faulting have displaced the 
beds, because continuous exposures are rare, and because of an absence of 
prominent horizon markers that makes it impossible to trace the. limestone 
beds from one exposure to another. The average thickness of the Marble 
Falls limestone on the outcrop is about 400-500 feet. 

In San Saba, Mills, and McCulloch counties and in Brown County south 
of Brownwood, the section as studied from well logs closely resembles that 
described from the San Saba exposures where it is from 200 to 300 feet 
thick. North of Brownwood the formation thickens to 500 or 600 feet, 
and more shale is present in the section. In Eastland and Stephens coun­
ties the limestone is thinner bedded and contains thicker layers of black 
shale. In Palo Pinto County the total thickness of the Bend is recorded 
as about 1200 feet, but it is impossible to determine how much of this 
thickness belongs to the Marble Falls and how much to the Smithwick. 
Presumably the lower 700 or 800 feet belong to the limestone division. 
The Barnett shale has not been reached in wells drilled in eastern Palo 
Pinto County. 

NotewoTtMJ Exposu1'es.-Typical exposures are to be seen at the town 
of San Saba which is built upon the upper ledge of the Marble Falls lime­
stone. The road sout.h of San Saba to Llano crosses the section and offers 

3UUdden, J. A" Bull. Am. Assn. Pet. Geol., vol. 3, 1919. 
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many good exposures. The bluffs along Rough Creek, Cherokee Creek 
and the Colorado River in eastern San Saba County contain excellent ex­
posures. Southeast of the Llano uplift are good exposures along the 
Colorado River at Marble Falls where the massive limestone is in direct 
contact with the Ellenburger limestone. 

Lithologic Chamcter.-The Marble Falls limestone is comprised almost 
wholly of thickly bedded, finely crystalline, dark gray to black limestone. 
The color, texture, and fossil content of the limestone vary both vertically 
and horizontally. Some of the layers, especially those near the top and 
bottom of the section, are distinctly black and noticeably bituminous. 
Other layers, particularly those in the middle of the section, are very light 
gray or even white. Shale beds from 10 to 20 feet thick have been found 
between some of the limestone beds. 

In the exposures along the Llano road south of San Saba the dark lime­
stone is characterized by numerous veinlets of calcite along the cleavage · 
lines, abundance of foraminifera, sponge spiCUles, and fragments of small 
shells. On the whole the Llano road section resembles the alternating 
layers of shale, gray limestone, and dark blue or black foraminiferal lime­
stone known from the well cuttings collected in the oil fields more than do 
the previous sections measured along Rough and Cherokee creeks. 

North of the outcrop the Marble Falls limestone has been penetrated in 
hundreds of tests, so that its subsurface aspect is well known, as samples 
from a great many wells have been studied and a large number of thin 
sections made. The best published description of subsurface samples is 
that by Udden and Waite.40 The microscopic characteristics of the lime­
stone make it readily distinguishable from the strata of the Strawn above 
and fl'om the underlying dolomitic and oolitic limestones of the Ellen­
burger beds. Therefore careful studies of the subsurface stratigraphy 
give almost as accurate determinations as observations at the outcrop. 
Microscopically the Marble Falls limestone is a fine-grained, seini-crys­
talline rock varying from wholly crystalline to granular and sub-crys­
talline. Commonly the sections show spots of dark granular limestone 
surrounded by light-colored calcite. The granular areas frequently con­
tain minute organic remains consisting of sponge spicules, fragments of 
crinoids, brachiopod spines, foraminifera, and other organic fragments. 
Many sections show small angular-shaped pieces or crystals of quartz 
and here and there a grain of glauconite. The shale samples of the Marble 
Falls form~Jion contain more glauconite, many small grains of pyrite, 
but fewer sponge spicules and organic remains. Small pyritized fossils 
have been washed from cuttings of the shale from a few wells. Photo­
micrographs of typical thin sections of the Marble Falls limestone fur­
nished by Udden are shown on Plate IV. 

40Udden, J . A., and Waite, V. V., Observations on the Bend in Baugh No. 1, in 
Brown County: Bull. Am. Assn . Pet. Geol., vol. 3, pp. 334-344, 1919; also Bur. Econ. 
Geol. and Tech., Univ. Texas, Bull., 1919. 
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A. Outcrop of Marble Falls limestone in Colorado River at Marble Falls. 

B. The rapids in the foreground are t he basal chert of the Marble Falls limestone, 
in the San Saba River about 20 miles west of San Saba. The bluffs in the 
background are a thin-bedded phase of the Marble Falls limestone. Photograph 
furnished by Bureau of Economic Geology, Austin, Texas. 
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Photomicrographs of the Marble Falls limestone showing microscopic organic structure 
Photographs by Udden and Waite 

A, upper left figure; B, upper right figure; C, lower left figure; D, lower right figure. 
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Sections of the Mm'ble Falls Limestone at the Outcrop.-Many typical 
sections have been measured along the outcrops of the Marble Falls lime­
stone and adjacent formations, and some of these are presented here. 

EXPLANATION OF PLATE IV 

A 

A bituminous limestone containing spicules of sponges in great profusion. The 
matrix containing these spicules consists of mostly granular calcareous material. 
From an outcrop of the Bend limestone in San Saba County. Magnified about 25 
diameters. 

B 

A bituminous organic fragmental limestone. The organic fragments are variable' 
in size. Climacarnrnina (?) in oblique section is a conspicuous object. Some of 
the larger fragments exhibit a cancellated texture suggesting that they may be 
fragments of crinoid stems. The dark blotches in the photograph are caused by 
impregnating bituminous material. This sample comes from about 80 feet below 
the top of the Marble Falls limestone in the Bartles and Dumenil Baugh No. 1 well, 
Brown County. Magnified about 25 diameters. 

C 

An organic limestone consisting of tubular structures imbedded in a crystalline 
matrix. This rock is of the same kind as that described as occurring between the 
depths of 115 feet and 190 feet below the top of the Bend limestone in the Bartles 
and Dumenil Baugh No.1 well, Brown County. This section is from the same well, 
at a depth of 2090 feet. Magnified about 40 diameters. 

D 

An organic limestone consisting of some tubular organic structures imbedded in a 
crystalline matrix. The tubules are curved and sometimes branched. Structures 
of this kind have been noted at from 115 feet to 190 feet below the top of the Bend 
limestone in the Bartles and Dumenil Baugh No. 1 well, Brown County. Magnified 
about 40 diameters. 

Section measured along Colorado River near M'arble Falls 

SMITHWICK SHALE-

Thickness 
Feet 

1&. Shale, black, fissile, thin-bedded, upper portion partly concealed... ....... 35 
MARBLE FALLS LIMESTONE-

14. Limestone, dark gray to bluish, rather thin-bedded, fine-grained, com-
pact .............. ......... .... .......... ............................................ ....... ... ...... ..... 17 

13. Limestone, black to vel'Y dark bluish gray, massive.. ...... .... .... ............... . 31 
12. Limestone, bl'own to gray, rather evenly bedded, coarse-grained........ 28 
11. Limestone, dark gray, sub crystalline, thin to massively bedded, fos-

silifel'ous .......................................... ............. .. ...... ............... ....... .... ..... 28 
10. Limestone, light and dark gray, some beds mottled, chert in lenses 

and nodules, crinoid stems................ ......... .. ....... .................. ............ .. 24 
9. Limestone, black, evenly bedded, cherty........... ............................... .. .... 17 
8. Limestone, gray, rather coarsely crystalline, middle portion cherty.... 40 



36 University oj Texas Bulletin 

7. Limestone, gray, very uneven, and irregular........ ...... ...................... ... ... 17 
6. Limestone, black to dark bluish gray, chel-ty.................... ... ................... 22 
5. Limestone, gray to bluish, medium to massively bedded, crinoids... ..... 60 
4. Limestone, dark gr'ay to blue, fin e-gra ined, cherty.... ..... ......... ............. ... 8 
3. Limestone, drab gray to bluish gray, with black mattling, rather 

thin bedded ........... ........... .. ... ............................ ............. .... ........... .. ..... 40 
2. Limestone, grey, mottled, somewhat brecciated and irregular.... ........ 20 

ELLENBURGER LIMESTONE-
1. Limestone, very light gray, crystalline, very massively bedded, ex-

cellently exposed ............... .. ... ............ .. .... .......... ... ............ .......... ..... . . 

The total thickness of the Marble Falls at the type locality here is 
352 feet, and a graphic section of the beds is shown in Figure 3. 

In eastern San Saba and western Lampasas counties the Marble Falls 
limestone is exposed over a large area, but it is very difficult to find ex·· 
tended exposures. A very high bluff on Cherokee Creek about nine miles 
northeast of the town of Cherokee is typical of many small exposures and 
exhibits very well indeed the lower part of the Marble Falls limestone. 
The following section was measured at this point. 

Section of upper part of Marble Falls limestone nine miles northeast of Cherokee 

on Cherokee Creek 

MARBLE FALLS LIMESTONE-
8. Limestone, light gray, fine to medium-grained, massively bedded, mak-

Thicknes~ 

F eet 

ing a bold prominent jutting ledge ....... ..... ~ ...... . .... .. ....... .. . . ...... ... .. . . . . .. 8 
7. Limestone, bluish gray, weathering very massive, with thin beds and 

lenses of chert............. ................... ........... ............ ....... ...... .................... 32 
6. Limestone. light bluish gray, like overlying beds but lighter color. 

weathers in thin fl akes oblique to bedamg, non-cherty, makes bold 
scarp along bluff.... ........................... ....... ..... .............. .... .... ... ............ ...... 61 1h 

5. Limestone, bluish-drab, dense, fin e-grained, conchoidal fracture, mas-
sively bedded, lenses and thick bands of cher t.. ..... ............................. 66 

4. Limestone, blue to light gray, fine-grained, thin-bedded, irregular 
stratification, thick-bedded in upper portion..... ........ ... ................... ... 35 

3. Limestone, light bluish-drab, fine-grained, t hin-bedded, hard, very fos-
siliferous ............... .. .. .. ........... :.................. .......... .................. ................. Ih 

2. Covered interval ............................ .. ........... .............................. .... ............. 2 
BARNETT SHALE-

1. Shale, black, fissile, bituminous, exposed.. ........... ... .................... ...... .. ...... 5 

The total thickness of the Marble Falls limestone exposed at this locality 
is 158 feet. It is noteworthy that the base of the Marble Falls limestone 
here is in no sense conglomeratic or brecciated, though it is observed that 
the stratification of the lower divisions is somewhat uneven. The uniform 
presence of a basal conglomerate mentioned by Udden has not been ob­
served by the writers, and as noted here it is certainly not evident every­
where. From this it may be presumed that where the Marble Falls rests 
directly on the Ellenburger a conglomeratic phase is present, but where 
it is l,mderlain by Barnett shale the conglomeratic Qr brecciated zone is not 
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developed, and the contact appears to be conformable. This should be 
noted in connection with the discussion of the age of the Barnett shale. 

The middle portion of the Marble Falls limestone is excellently exposed 
on Rough Creek near the crossing of the San Saba-Bend road. The basal 
part of the section is, as nearly as could be determined, equivalent to the 
top of the Cherokee Creek section. Certainly Bed No.2, which is very 
distinctive lithologically and which is marked by a well-defined fauna, 
is higher than the uppermost bed of the Cherokee Creek section. The 
equivalent of Bed No. 2 was identified at other localities in San Saba 
County, as at the location one and one-half miles south of San Saba on 
the San Saba-Chappel road, proving that it is a rather widely developed 
and recognizable horizon. The section is as follows: 

Section of the middle portion of the Marble Falls limestone on Rough Creek, 

San Saba County 

MARBLE FALLS LIMESTONE-

Thickness 
Feet 

12. Limestone, bluish gTay, hard, crystalline, partly covered to t op of hill 12 
11. Limeston e, gray, crystalline, medium-grained, hard, thin-bedded, 

caps bluff ___ ____ . ______ _________ .. ______ . __ ___________ ____ ________ ____ _____ ._ .. _______ __ _ ... __ _________ 8 

10. Limestone, gray t o yellowish or mottled, partly dolomitic, weathers 
to soft somewhat chalky yellow rock, fossiliferous ____________ ... _ .. .. _____ ___ 48 

9. Limestone, light gray, fine t o medium-grained,subcrystalline, in beds 
1 to 2 feet thick .... ___________ ._ .. .. __ .. ____ .. _. _________________ . ______ . __________ __ ___ ___ .. ______ 10 

8. Limestone, black and mottled , gray, dense, fine-gra ined, very hard, 
fossiliferous .. ___ ____ .. ___ ____ _____ ____ .. ________ __ .. _ ...... _______________ .. _______ ____ . ___ ._________ 3 

7. Limestone, gray, fine-grained , compact, massive, numerou s large 
forms of Chaetetes millepo1·aceus ____ _ ..... ___ _________ ... _ .... __ __ __ _____ ____ ___________ 12 

6. Limestone, yellowish, soft, shaly ___ .. ______ _ .. ... .. _________________ ~------ ___ ____ ._ ... ______ 1 
5. Limestone, yellowish gray, fin e-grained, dense, subconchoidal fracture, 

thin-bedded, fossil fragments ______________ _ .... __________ .. _ .... _ .. ____ _______ __ ._ ... _______ 4 
4. Limestone, gray, massive, medium-grained, sub crystalline, non-cherty 25 
3. Limestone, gray, massive or weathering to thin even beds, subcrystal-

line, cherty, the chert occurring in thin lenses and beds ____ ____ ...... ______ 28 
2. Limestone, mottled gray or drab and yellowish gray, weathers yellow, 

fine-grained, subconchoidal fracture, beds rather uniform in thick­
ness (average 4 to 12 inches) in marked contrast with adjacent 
beds __ ___________ _ . _______ .. __ . ____ .. ___ ..... _____________ .. . _ .. ___ ___ _ .... ______ __________ ____ ____ .. _____ 12 

1. Limestone, bluish gray, medium to fine-grained, very massive, weath-
ers to rounded surfaces __ .... __ .. _________ .. ...... ______________ .. __ .. _____ _ .. _____ ..... _______ 58 

Total thickness of Marble Falls_ .. __ _________ __ .. .. .. __________________ .. _____ . 221 

The upper _part of the Marble Falls limestone and the contact with the 
Smithwick shale are best studied in the vicinity of Bend on Colorado 
River and Cherokee Creek. A section measured from a point about one 
mile west of the town of Bend from Colorado River south to a high bluff 
on Cherokee Creek shows the Smithwick shale in its typical development 
and the upper part of the Marble Falls limestone. 
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Section o'f Smithwick shale and upper Marble Falls limestone from Colorado River 

to point one mile south on Cherokee Creek 

SMITHWICK SHALE-
10. Shale, olive to greenish gray, clayey to sandy, thin-bedded, weathers 

Thickness 
Feet 

readily __ ___ ___ ___________ __ ___ ______ ____ :_ _ _______ _____ __ ____ _ _ ________________ ____ __ ____ _ _ _ ___ ____ ___ _ _ 100 

9. Shale, black, fissile, bituminous, lower part contains thin beds of 
black limestone_______ ________________________________________________ __ ____ _________ _______ _______ __ 115 

MARBLE FALLS LIMESTONE-
8. Limestone, black to bluish black, thin-bedded, h ard, sub conchoidal 

fractul'e, fossilif erous_ _ __ _ __ _ _ _ _ __ __ __ ___ ____ _ __ ____ _ ____ _ _ _ __ __ _ __ ___ _ _ ____ _______ _ ____ _ ___ _____ 10 

7. Limestone, dark bluish gray 01' dove-colored, sub crystalline, hard, beds 
6 to 12 inches thick______ __ __ ______ ____ ______ ______ ______________ ________ ________ __ ______ ____ ____ 2 

6. Limestone, light yellowish gray, dolomitic, fossil fragments and molds 2 
5. Limestone, dark bluish gray, medium-grained, subcrystalline, very 

m a ssive, contains chert nodules and fossil fragments________________________ 4 
4. Limestone, light gray, nodular, uneven stratification, weathers into 

grayish-green thinner beds__________________________________________________________________ 9 

3. Limestone, yellowish gray, thin-bedded to shaly, lower part covered 14 
2. Limestone, dark bluish drab to mottled, thin-bedded, hard, dense 

su bconchoidal fracture ___ ________________ _______________ _________ __ ___ ____ .___ _______ ____ _ ____ 38 

1. Limestone, gray, medium-grained, very massive, weathers in flakes 
oblique to the bedding, gives smooth surfaces _____________ . ____ __ ______ ______ __ 

The section of the Marble Falls limestone accompanying the geologic 
map (Plate I) is a generalized section made by combining the sections 
measured on upper Cherokee Creek and lower Cherokee Creek and Rough 
Creek. This gives as typical a section for the whole formation as it i~ 
possible to obtain in eastern San Saba County. 

The following section measured along the San Saba-Llano road two 
miles south of San Saba gives details of the lower part of the section con­
taining gray and black shale layers that were not well developed in the 
sections previously presented. 

Section of Marble Falls limestone two miles south of San Saha 

(Top of hill) 

Thickness 
Feet 

5. Limestone, gray, soft, chalky, decomposed__________ _______ ____ ______ ___ ______________ ____ 8 
4. Limestone , dark blue, dense, hard, fine-textured ______________________________ .. _ .... _ 1 % 
3. Limestone, dark blue gray, h ard, thin-bedded_ .. _________ ... ________ .. __ .. _ .. ______ .. ____ 1 
2. Clay, yellowish gray, soft, contains many small high-spired gastropods 20 
1. Limestone, dark blue, dense and hard ___ .. ___ .. ~ _______ .... ...... ___ .. __ .. ______ .. _________ 5 

The Marble Falls Limestone in the Oil Fields.-The series of strati­
graphic sections shown in Plate V, made from well records along a line 
extending from south to north across the Pennsylvanian area, presents 
the characteristics of the Bend group as revealed by drilling. All the logs 
shown in this section have been made from samples collected and care­
fully studied, and all the data are regarded as trustworthy. 
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At the outcrop the Marble Falls limestone formation along the outcrop 
contains no important sandy layers, sandy shales, or coarse clastic sedi­
ments of any kind. In many of the wells drilled in the Desdemona, 
Ranger, and Breckenridge oil fields, however, sands and sandy layers are 
recorded by drillers, and many petroleum geologists have attempted to 
correlate and to trace the extent of these so-called sands with various 
results. A generalized section of the Bend group as recorded by drillers' 
logs in the Ranger field is shown in Figure 5 and a section made up from 
a microscopically studied series of samples is as follows: 

Generalized Section of the Bend Group from Samples of Well Cuttings in the 
Ranger Field 

SMITHWICK SHALE-

Average 
thickness 

Feet 

14. Slate, black, brittle.................................................................................... 180 
13. Limestone, black, alternating with thin layers of calcareous shale and 

slate (limestone E) .................... " .................................... ....................... 100 
12. Shale and slate, thin bedded, fissile ................................. .... ........... .... ...... 200 

MARBLE FALLS LIMESTON.E-
11. Limestone, hard, black, grading downward into ... .... ........................ .... . 
10. Limestone, soft, gray, in places porous, and containing oil (limestone 

D) .......................................................................................................... 30 
9. Limestone, black ...... ................................................. :............... ................. 60 
8. Shale, black and gray....... ..... ........................................................... ........ . 100 
7. Limestone, hard, dense, black, (limestone C) ..................... ...... ............. 20 
6. Limestone, soft, porous, cavernous, often logged as sandy lime or oil 

sand ........ ........................................... ...... ..... ........................................ 30 
5. Shales, black to gray, thick, contain thin dark colored limestones.... 60 
4. Limestone, gray or white, thick-bedded (limest one B) ..... ............... ...... 80 
3. Shale, dark, black, and brown, contains few dark limestone layers.... 110 
2. Limestone, dense, massive, uniformly gray (limestone A) ........ : .... ~.. .. 60 

Total average thickness.... ...... ...... ............... ................................. 550 
BARNETT SHALE-

1. Shale, black or brown, bituminous........ ................... .... .............. ............ ... 130 

Though the individual layers vary in thickness, hardness, and porosity 
in different wells, the measured intervals between the limestones E and D 
and between limestones D and C are remarkably constant in trustworthy 
logs, a valuable feature that is used for. purposes of correlation and in 
determining structural relationships. It is a question whether the top of 
the Marble Falls formation should be drawn at the top of limestone D 
or limestone E. However, as the Smithwick shale can be traced con­
tinuously in a great many wells south of Ranger across Eastland and 
Comanche counties in log sections in which the top of the Marble Falls 
limestone corresponds to . the position marked limestone D, and as many 
wells drilled northeast of Ranger show continuous sections of shale above 
the top of limestone D, it is thought that the interpretation given in the 
section, Figure 5, is the more probable. 
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The section of the Marble Falls formation as known from the well 
cuttings in the Desdemona field is shown in Figure 6. * Section A is drawn 
from the log of Rushing No.1 of the Humble and Lone Star companies 
and is quite similar to the Ranger section. Section B is drawn from the 

. log of Spalting No.1 of the Magdalene Oil Company. In this well the 
,Warble Falls formation is thinner and lies directly upon the Ellenburger 
which evidently protrudes into the Bend group as a pre-Pennsylvanian 
hill. The uneven surface of the Ordovician in the Desdemona-Gorman 
district is noteworthy. The porous oil-bearing layers occur nearer the 
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top of the Marble Falls formation than at Ranger, although a few porous 
spots have been found containing oil at vario.us depths, and the oil 
horizon is not so uniform as at Ranger. 

*Missing fl'om MSS. 
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The subsurface section of the Marble Falls formation in the Breck­
enridge field and the northern part of Stephens County is VJ~ry similar 
to that at Ranger except that the limestone is probably somewhat thicker' 
and the intervening shales thinner. The generalized Section 2 in Figure 5 , 
is typical. The total thickness of the Smithwick, Marble Falls, and the 
Barnett shales averages 1185 feet at Breckenridge, about 100 feet thicker 
than at Ranger. Nearly all deep wells show about 200 feet of shale, 
40 to 50 feet of porous gray limestone containing oil, then 150 to 200 
feet of nearly solid limestone comprising the upper one-lourth of the 
Marble FallFl formation. It should be noted that according to this inter­
pretation the Smithwick shale is much thinner than normal and that the 
upper half of the Marble Falls contains thicker limestone members. It 
is a much argued question among north Texas geologists whether the 
gray and black limestones in the upper part of the Bend group at Breck­
enridge should be correlated with limestone E of the Ranger section and 
belong in the Smithwick, or correspond to limestone D at Ranger and 
represent the top of the Marble Falls formation. It is difficult to trace 
limestone E of the Ranger section northward across Stephens County. 
Most of the limestones of the Smithwick formation are 'lentils, and be­
cause of the lack of any paleontologic evidence, the question of this corre­
lation can not be settled. It is probable that the gray limestone I at 
Breckenridge should be , regarded as the top of the Marble Falls, for the 
following reasons. H can be traced in well logs with a fair degree of 
certainty from Breckenridge northward to the Young County line, and 
eastward to Caddo where it is assuredly a part of the Marble Falls. 
Examination with the microscope of samples collected from the lime­
stone E horizon at Ranger shows it to be a brittle, shaly limestone con­
taining much fewer fossil fragments such as spicules and spines than the 
typical Marble Falls strata. The gray portion of limestone I at Breck­
enridge is soft, porous, pure and not in the least shaly. The black portion 
of limestone I is quite fossiliferous and very typical of the Marble Falls. 
In Palo Pinto and in most plac~s in Shackelford and Young counties, 
Bed I is overlain by the Smithwick shale in its normal or more than normal 
thickness, and is underlain by a still greater thickness of Marble Falls 
limestone and shales. The Bend group thickens northward and east­
ward either by the coming in of older strata at the base and a thickening 
of the Smithwick shale at the top, or by a thickening of the entire Bend 
group. Possibly in the northern area the basal strata are Mississippian, 
and the older beds are progressively overlapped by younger strata toward 
the south and west. Certainly the basal beds in Young and northern 
Stephens counties are older than the basal beds of the outcrop. 

Oil in the Ma1"ble Falls F01'mation.-The Marble Falls formation has 
yielded nearly all the large oil wells of the north Texas fields. 

In Ranger, as well as in other fields, the oil evidently originates in the 
petrolifero us black shales in the Marble Falls and Smithwick formations 
and accumulates wherever in the section these shales come in contact with 
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porous beds. The most prolific oil-bearing beds in the Ranger field are 
two especially porous layers in the Marble Falls: (1) a gray limestone 
at the top of the formation which is more or less porous and yields con­
siderable production after being loosened up by a shot of nitroglycerine; 
(2) the cavernous portion of the black limestone, known by the drillers 
as the "Ranger" oil sand 190 to 200 feet below the top, which has yielded 
the big Ranger gushers. At Breckenridge the oil occurs in the gray 
limestone at. the top of the Marble Falls formation, and the cavernous 
limestone of the lower horizon of the Ranger field is absent or much less 
developed. At Desdemona the most prolific porous area lies 60 to 120 feet 
below the top of the Marble Falls, a little higher in the section than at 
Ranger. 

An examination of a large number of samples of the so-called sand from 
the lower horizon at Ranger and Desdemona shows it to be an unusual 
sedimentary deposit. A washed sample examined megascopically has the 
appearance of a beautifully white, pure, quartz sand. When this ma­
terial is examined with the miscroscope, each individual grain is seen to 
have one or more crystal faces, and in an ordinary sample several perfect 
quartz crystals can be found. The sides of the grain not showing crystal 
faces are generally rough and appear to have been freshly broken, though 
some grains show rounded edges. Thin sections of these grains under a 
high-power petrographic microscope appear perfectly clear and give no 
evidence of secondary growth around a smaller grain. 

From several wells in the Ranger and Desdemona fields large chunks 
of limestone from two to three inches in diameter have been thrown out 
by the shot with nitroglycerine. Examination of some of these shows 
quartz veins, cavities, and vugs a fraction of an inch in diameter lined 
with perfect quartz crystals, which after being broken out are identical 
with the "sand" grains washed out of the well cutting. From these ob­
servations it seems reasonable to conclude that the quartz "sand" of the 
Ranger and Desdemona fields is largely secondary quartz formed by the 
crystallization of the silica dissolved out of the cherty or sponge spicule 
beds in the Marble Falls formation and crystallized in veins or cavities 
at certain porous horizons at some time previous to the migration of the oil. 

This type of sand has been termed "secondary" sand. Samples of it 
ha ve been collected not only from the wells in the Ranger and Desdemona 
fields but from tests on the Gray Ranch in Coleman County, from the 
Parrick wells 13 miles northeast of Cisco, from wells in Stephens County 
south of Caddo, and from wells near South Bend in Young County. In 
most places in a given area this "sand" is generally found at a definite 
horizon below the top of the Bend series and associated with limestone 
that is filled with sponge spicules and cherty layers. In the section meas­
ured on the eolorado River and on Cherokee Creek in San Saba County 
continuous cherty layers were found near the middle of the Marble Falls 
formation. The presence of persistent cherty or silica-bearing beds in the 
Marble Falls probably explains the apparent continuity of the porous sec­
ondary sand layers in the oil field districts. 
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Paleontology,-Parts of the Marble Falls limestone are abundantly fos­
siliferous, but in many exposures very few fossils of any sort appear, Of 
the localities visited during the course of the work upon which this report 
is based, the outcrops along the Colorado River near the town of Bend, and 
on the Benel-Chappel road, representing the upper part of the formation; 
along Rough Creek near the crossing of the Bend-San Saba road, and on a 
small tributary of Wallace Creek about 12 miles southwest of San Saba, 
belonging to the middle part; and on upper Cherokee Creek southwest of 
Bend, representing the basal part, were most fossiliferous. Large areas 
in which the Marble Falls limestone appears at the surface are but spar­
ingly fossiliferous. The type locality of the formation at Marble Falls, 
in Burnet County, on the southeast side of the Llano Uplift, contains, un­
fortunately, few fossil remains. The small collections made in this area 
during the course of work by the U. S. Geological Survey gave little basis 
for satisfactory determination of the true faunal character or the correla­
tion of these beds. 

Although the collections which have been made from the Marble Falls 
limestone in San Saba County -contain much material of very interesting 
character which is as yet undescribed, the results of the studies which 
have been based upon it will not be presented at this time, since a complete 
report on the fossils of the Bend is in contemplation. A brief statement 
without prejudice to other studies of the essential facts which have been 
observed, will be made here. 

On the upper Cherokee Creek (locality 151.6), southwest of Bend, black, 
fissile, bituminous shale which certainly represents the Barnett division 
is overlain by a dark bluish-drab, dense, hard, fine-grained limestone which 
is extraordinarily fossiliferous. Since this limestone is lithologically sim­
ilar to the continuous section of limestone which extends approximately 
160 feet above it in the cliff exposure, it seems to represent with little 
doubt the base of the Marble Falls limestone. Though the fossils in this 
basal bed are extraordinarily abundant, the fauna which is represented 
is not large, Its most interesting feature is the content of species which, 
as represented by the collections which have been made from the Barnett 
shale, have been regarded as diagnostic of that basal part of the Bend 
series. The composition of this lowermost limestone fauna is as follows: 

Fauna of limestone at the base of the Marble Falls limestone on upper Cherokee creek, 

San Saba County, Texas. 

Crinoid stems 
Lingula albapinensis Walcott? 
01'biculoidea eaneyana Girty? 
Chonetes sp, 
P1'oductus eolo1'adoensis Girty? 
Produetus e01'U D'Orbigny 
Lei01'hynehus -earbonifel"um Girty 
Leio1'hynchus carbonife1'Um polypleu1'um Girty 
A1nboeoelia planoeonvexa (Shumard) 
Composita subquadmta (Hall)? 
A vicuZopeeten sp. 
Pleu1'otomaria sp. 
Glyphioeems n, sp. 
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BEND FOSSILS 

Figure 1. P?'odnctus cont, ventral view of a deformed, somewhat flattened shell, from 
middle portion of Marble Falls limestone on Rough Creek, southeast of San 
Saba (15l.1a). 

Figures 2, 3. Leio1"hynchns carbonijenm~, brachial and ventral views, respectively, 
of typical examples of this species from the base of the Marble Falls limestone 
on upper Cherokee Creek (151.6). This is one of the index fossils of the lower 
part of the Bend group. 

Figure 4. P1'oductns mO?Towensis, pedicle valve of an average specimen from Marble 
Falls limestone west of Wallace Creek (152.2). 

Figures 5, 6. Pustula sp. Two small spinose productid brachiopods from the upper 
part of the Marble Falls limestone, Roug'h Creek (151.1c). 

Figure 7. Spi1'ijer n. sp. Pedicle valve of a shell which is related to but appar­
ently quite distinct from the common Pennsylvanian species Spirifm' cameratns. 
It is very abundant in some parts of the Marble Falls limestone. Rough Creek 
(151.1b). ' 

Figure 8. Sl;irijer rockymontanus, brachial view. This species is distinguished by 
its rounded, simple plications and relatively small avelage size. Rough Creek 
(15l.1a) . 

Figures 9, 10, 11. Pugnax cf. P. rockY1nontanus, brachial and anterior views of two 
specimens from the Marble Falls limestone west of Wallace Creek (152.2). 

Figures 12, 13, 14. Spi1'ijm-ina lcentuckiensis, brachial, ventral and side views of 
typical specimens from the middle part of the Marble Falls limestone, on Rough 
Creek (151.a). 

Figure 15. CromyoC?'inus n: sp., two small crinoids with arms and stems in place 
on a slab of Marble Falls limestone from Rough Creek (151.1a). Nearly a dozen 
specin~ens of this species were found. 

Figure 16. Chonetes choteauensis, a small brachiopod most abundant in the upper 
part of the Marble Falls limestone. Pedicle valve of a specimen from outcrop 
of Marble Falls limestone on the road from Bend to Chappel (151.2). 

Figure 17. Composita subtilita ? a small shell, common in parts of the Marble Falls 
limestone (151.1a). 

Figure 18. Tabnlipora heteropora, a massive bryozoan which is found in the middle 
part of the Marble Falls limestone (151.1a). 

Figures 19, 20, Hustedia ?/tiseri, pedicle and brachial valves, respectively, from the 
Marble Falls limestone (151.1a). 

Figure 21. P1'oductus 11W1'1'owensis, a typical specimen showing well the character­
istic features of the species, from the Marble Falls limestone west of Wallace 
Creek (152.2). 

Figure 22. P1'oductus cora, a specimen from the Marble Falls limestone west of 
Wallace Creek (152.2). 
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BEND FOSSILS 

Figures 1, 5, oa, 6, 6a. Lecla bellistriata, specimens with enlargements, from the Bar­
nett shale southeast of San Saba (151.8) . 

Figure 2. Michelinia n. sp., a peculiar colonial coral found in the upper part of the 
Marble Falls limestone. On road between Chappel and Bend (151.2). 

Figure 3. Had1'ophyllum aplatwYn, the flattened, coin-like coral common in parts of 
the Smithwick shale. From point where Bend-Chappel road leaves Bend-San 
Saba road (151.4). 

Figure 4. Squam.ul(J!ria perplexa, a very. abundant brachiopod fossil in some beds of 
the Millsap formation. From limestone just east of Rayville, southwest Parker 
County (76.2). 

FigUl'e 7. Naticopsis n. sp. , a large gastropod from the middle portion of the Marble 
Falls limestone, west of Wallace Creek (152.2). 

Figures 8, 8a. B embexia nodomarginata, a small pleurotomaroid gastropod from the 
Smithwick shale, at junction of the Bend-San Saba and Bend-Chappel roads . 
(151.4) . 

Figures 9, 10. Euomphalus n. sp., a common, flat coiled gastr opod of the Smithwick 
shale. at junction of Bend-San Saba and Bend-Chappel roads (151.4). 

Figure 11 . Tm'bo n. sp., a flattened shell from the Smithwick shale, at junction of 
Bend-San Saba and Bend-Chappel roads (151.4) . 

Figure 12. Glyphiocen£s n. sp. , a rotund cephalopod which is very abundant in the 
basal bed of the Marble Falls limestone on upper Cherokee Creek (151.6) . 

Figure 13. Belle1'ophon n. sp., one of the most common fossils of the Smithwick shale, 
at junction of Bend..:San Saba and Bend-Chappel roads (151.4). . 
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The most abundant forms are Lei01'hy,nchus caTboni/eTum and a new 
species of Glyphiocems. All are very well preserved. No specimens of 
Glyphioceras cumminsi or G. incisum which are very common in some of 
the collections from the Barnett were found in this limestone, but otherwise 
the fauna suggests this basal part of the Bend much more strongly than 
the higher part of the Marble Falls limestone. Since there was no ob­
served indication of a stratigraphic break above the limestone, and since 
a striking and very sharp lithologic change appears below the limestone, 
the writer concludes that the bed under discussion should be regarded 
as an integral part of the Marble Falls formation. If this interpretation 
is correct, it is evident that there is not a sharp faunal break between 
the Barnett shale and the Marble Falls limestone. 

At another locality, on the Bend-San Saba road five miles east of San 
Saba, another collection has been made by Mr. Plummer from a marly 
limestone which represents, he believes, the base of the Marble Falls lime­
stone. The typical Barnett shale immediately underlies it, the exposure 
being not far from the type locality of the shale. It is possible that these 
transition beds should rather be included with the Barnett. The fauna 
contains the following species: 

Fauna of the basal part of the Marble Falls limestone five miles east of San Saba 

Fusulina sp. 
Crinoid stems 
Lingula albctpinensis (Walcott) 
L eiorhynchus ca1'boniferum Girty 
L eio1'hynchus ca1'bonifm-um polypleu1'um Girty 
Dielasma sp. 
Ambocoelia planoconvexa (Shumard) 
Composita sp. 
Cliothyridina sp. 
Z aplwentis sp. 
Liopteria ? sp. 
Pleuroto11ta1'ia afr. perhume1'osa 
01·thoce1·as sp. 1, 2 
Glyphioceras c'U1nminsi (Hyatt) 
Glyphioceras n. sp. 
Glyphiocems sp. 

'Fhe occurrence of F~tsulina, Lei01'hynchus caTboni/eTU'm and Glyphioce-
1·a.S c11mminsi together in this collection is of special interest. While, so 
far as the dda at hand indicate, it is possible that the fossils here reported 
might properly be referred to the uppermost part of the Barnett shale, 
the occurrence of an undoubted species of the common Pennsylvanian 
Fnsulina at this horizon seems significant. 

The middle portion of the Marble Falls limestone contains a large va­
riety of invertebrate fossils which are for the most part beautifully pre­
served. The largest collections were obtained at the exposures on Rough 
Creek near the point where the Bend-San Saba road crosses the stream 
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(Locality 151.1). The collections from this locality, representing the mid­
dle portion of the Marble Falls division, include the following species. 
Many of the same forms were found at the locality on Wallace Creek, 
southwest of San Saba, which appears to represent approximately the same 
portion of the Marble Falls formation, The following list shows the 
species which have been identified. 

Fauna of the middle portion of the Marble Falls limestone, San Saba County, Texas 

Coelenterata 
Zaph?'entis sp. 
Amplexus CO?'?'ugatus Mather 
Lophophylhwn profundmn (Edwards and Haime) 
CCL1npophylium t01'quiu?n (Owen) 
Campophyllu1n sp. 
Axophyllu?n 1"I~de (White and St. John) 
Michelinia eugeneae White? 
Michelinia n. sp. 
Chaetetes rniUeporaceus Edwards and Haime 

Vermes 
Tubicola. ? sp. 

Echinodermata 
Cromyoc?'inus n. sp. 
Eu,pcwhYC?'inus sp. 1, 2 
Crinoid stems 
A ?·cheocida.ris ?'Iwc?'onaius Meek and Worthen 
A 1'cheocicla1'is norwoocli Hall? 
A1'cheocida1'is sp. 1, 2 

Bryozoa 
Fistulipo?'C& ccwbona?'ia Ulrich 
Fistulipora n . sp. 
Tabuli1JO?'Ct hete1'op01'a (Conrad) n. sp. 1, 2 
Tabulipora sp. 
Frmestellct CO'lnp1'eSsa Ulrich 
F enestella modesta Ulrich 
F enestellct sp. cf. 1nultispinosa Ulrich 
F eneste lla sp. 1, 2, 3, 4. 
Polypo?'a sp, 1, 2 
S eptopo1'a bise1'ialis (Swallow) 
Septopora sp. 
Pinnatopo?'a sp, 
Rhombopo1'a attenuatct Ulrich 
Rhombopo?'a lepidodend1'oidea Meek 

Brachiopoda 
Lingula cdbapinensis (Walcott) 
01'biculoidea batesvillensis Weller? 
Rhi1Jidomelia pecosi (Marcou) 
Ol'thotichia schuchm·tensis (Girty) 
Schellwienellx ? sp. 
01,thotetes ? lwslwskiensis (McChesney) 
Chonetes choteauensis Mather 
Chonetes mesolobus N, and P. 
Chonetes n. sp, 1 
P?'oductlls colO?'adoens is Girty ? 
P1'oduc tus C01'a D'Orbigny 
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P'I'oductus in/latus McChesney 
Proeluctu8 rnor'l'owensis Mather 
p)'oeluctllS nanus M. and W. ? 
p)'oducins IJa)'vus M. and W. 
P)'oductns sp. 
Pust1.!la bullata Mather 
Pustul,t globosa Mather 
Pustula moo)·efielda.na Inlsilla (Girty) 
Pustula nebmskensis (Owen ) 
Pustula punctata (Martin) 
Pustula sublineata Mather? 
A 'Vonia ? a?'lccmsanc£ rnultilirata (Girty) 
Ma1'gini/em ingmta Girty ? 
Margini/eTa s1Jlenclens N. and P. ? 
MnTginije1'a sp. 
Lltict)'g'inijem ? sp. 
Pugnax osagensis (Marcou) 
Dielasl1w bovidens (Morton) 
Die lasma sp. 
S piriter inc?'cbescens Hall ? 
S pi1'i fer marcoui 
Spiri/e?' r ockyrnontanus Marcou 
Spiroi/C1' n. sp . 
S pi1'iferina kentuckiensis (Shumard) 
S1Ji1'i/e?'inc£ spinosa (N. and P.)? 
Spiriterina tmnsve1'Sa (McChesney) 
Hustedia miseri Mather 
Squarnulct?'ia perplexct (McChesney) 
A thY'I'is sp. 
C01npo~-it(t subquad1'ata (Hall)? 
Composita wasatchensis (White) 
Cornposita sp. 
Cl.iothy?'idina hirsuta (Hall)? 

Pelecypoda 
Solenomya n. sp. 
Sanr}u inolites sp. 
N 1!Cula· 1'ectangula McChesney 
L edet bellistricaa (Stevens) 
Leda bdlist1'iata attenuata (Meek)? 
L ecla net 8U tc£ Hall? 
Pa?'allelodon sp. 
Pa?'ctllelodon ? sp. 
L eptodemna speTgenense 1'o busturn Girty ? 
Pinna sp. 
Conocanliu1n n. sp. 
L eiopte1'ia n. sp. 
Leiopteria sp. n. val'. 
Schizodus de1J?'e8sus Worthen 
A ca.nthopecten n. sp. 
Sh'cbloptm'ia he1·tzeri (Meek) 
Ccmeye lla n. sp. 
M ocliollls n. sp. 
ConocC!nliu1n ob liqumn M. and W. 
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Gastropoda 
Belle?'ophon sp. 
Pleu?'otonwric~ sp. (1), (2, 3). 
W o?·thl3niu ? sp. 
Mu?'Ch-isoniu sp. 
Spha e?'odomu ? sp. 
Holopella sp. 

Cephalopoda 
Gast?'iocems kingi (Hall and Whitefield)? 
Pa?'ulegoceTas n . sp. 

Trilobita 

Pisces 

G?'ifj'ithides scitulus M. and W. 
G?',ijJi thides ? sp. 
PhillilJsia missotwiensis Shumard ? 

H elodus ? sp. 
Fish tooth 

In addition to the species reported in the foregoing list, the occurrence 
of a representative of the coral genus Paleacis in the middle portion of the 
Marble Falls limestone is reported by Girty.11 The appearance of this 
form is of special interest as it has not previously been known from a 
horizon younger than the Mississippian. 

The upper portion of the Marble Falls limestone is locally fossiliferous 
but so far as observed by the writers the fossils are not so abundant as in 
the middle portion of the formation nor are they so well preserved. It 
was found very difficult at the localities where the collections from the 
upper horizons were obtained to secure good, satisfaCtorily identifiable 
material. The fauna of the upper Marble Falls is without doubt more 
varied than is indicated by the species which have been identified, but 
there was not opportunity in the course of field work to make an extended 
study of these beds. The localities from which the following species were 
taken are on the Chappel-Bend road, about two miles east of Chappel and 
along the Colorado River at the bend about three-quarters of a mile west 
of the bridge at Bend. Both of these exposures belong to the uppermost 
part of the Marble Falls. On the Colorado River th,e transition from the 
limestone to the lower beds of the Smithwick shale may be seen clearly, 
beds of very dark limestone being interbedded with the lower part of the 
shale. The Smithwick is without question entirely conformable with the 
Marble Falls limestone. 

Fauna of the upper portion of the Marble Falls limestone in eastern San Saba 

County, Texas 

Coelenterata 
Lopliophyllmn lJ?'ofundmn (Edwards and Haime) 
Camp01Jhyllwn to?'quimn (Owen) 
Michelinia n. sp. 
Chaetetes millepo?'cweus Edwards and Haime 

/ 
HGirty, G. H., loco cit. 
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Echinodermata 
Crinoid stems 
A1'cheocidaris ?n1LCTonatus Meek and Worthen 

Bryozoa 
Fenestella sp, 1, 2, 3 
Cystodictya n, sp, 

Brachiopoda 
01'bkuloidea sp, 
Rhipiclo11wlla pecosi (Marcou) 
Chonetes chotecmensis Mather 
P?'oductus cOTa D'Orbigny . 
PToductus in/latus McChesney 
P1'oductus sp. 
Pustula neb?'askensis (Owen) 
Pustula moo?'efieldancL pusilla (Girty)? 
Avonia cwkctnsana (Girty) 
A vonia, n, sp. 
Spi?'i!e?' ?'oc!cYllwntanus Marcou 
Spi?'i/er n, sp, 
Spi?'i!e?'ina spinoscL (Norwood and Pratten)? 
SpiTi/e?'ina tmnsvcrsa (McChesney) 
Squct?1mlco'ia IJe?'plexcL (McChesney) 
Squa?n1t!n?'ia t?'a?1SVe?'sa Mather ? 

Pelecypoda 
A vimdopecten n. sp, 
Acanthcpecten cM'boni/erus (Stevens)? 
Accmthopecten n, sp. 

Gastropoda 
B elle~'op}lOn wewo!canus Girty 
Belle?'o1Jhon n. sp, 
Euphernus ca?'bonal'ius (Cox) 
Schizosto?)W catilloides (Conrad) 
MeekoS1,i?'a IJCmC1aa (Meek and Worthen) 
Platycems pa?'vum (Swallow) 

Cephalopoda 
O?,thoceras sp, 1, 2, 3 
Metacocems 7Valcotti Hyatt 
Nautilus sp, 1, 2 
Cy?'tocc?'as sp. 
Gast?'ioce?'as comp?'essu?n Hyatt 

Trilobita 
G'l'ifj'ithides scitulus 11ULjO?' Meek and Worthen 

A critical study of the fauna of the Marble Falls limestone makes evi­
dent its transitional position between the typical faunas of the Mississip­
pian and those most characteristic of the Pennsylvanian. The fauna as a 
whole is different in many respects from the faunas of approximately the 
same stratigraphic horizon which have previously been described, for 
there is in the Marble Falls formation a considerable number of unde­
scribed species. The number of forms which are common to other for­
mations of known geologic age is sufficient, however, to permit no ques­
tion as to the correlation of the Marble Falls limestone. It is noteworthy 
that some types which have previously been reported only from forma­
tions regarded as Mississippian in age are here found in the typical Marble 
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Falls limestone. Even if the basal part of the formation, as defined in this 
report, should be referred to the Mississippian, the occurrence of such a 
form as Paleacis high in the formation and of numerous species which, 
while less certainly identifiable, are yet closely related to typical Missis­
sippian species, is to be observed. In the fauna of the Marble Falls lime­
stone, however, the fossils of Pennsylvanian aspect are much the most 
important element. Among the representatives of this period are some 
of the most common and characteristic forms. Since the newer or younger 
elements in a fauna are much the most significant in the determination 
of the geologic age of the containing beds, the Pennsylvanian fossils in the 
Marble Falls indicate clearly that the formation is a deposit of this period. 
It appears both from the composition of the Pennsylvanian element of the 
fauna and the presence of the Mississippian types which have been noted 
that the formation is to be regarded as belonging to a very early part of 
the Pennsylvanian, certainly within the lower Pottsville. The residual 
elements of the Marble Falls limestone fauna and the incoming or proemial 
element of the Pennsylvanian are shown to a greater or less degree in 
each of the classes of invertebrates. The following lists indicate the re­
lationships of the Marble Falls fauna. 

Comparison of the Mississippian and Pennsylvanian elements in the Marble Falls fauna 

Residual Mississippian element 

Protozoa 

Coelenterata 
ACe1·vu.lcwia sp.* 
Paleacis sp.* 

Echinodermata 

Crom.yocr'inus sp, 

Bryozoa 
Rhombopo'l'a attenuata 
Rhombopon~ peTsimilis 
Rhornbopo1'U tab~~lata? 
Cystoclictya lineata? 
Pr'ismopor'a n. sp, 
Glyptopora n. sp, 

Brachiopoda 
OTbiculoiclea caneyana 
Or'thotetes ? kas1caski(msis 
Pr'oductus in/latus 
Pr'oductus par'vus 
Pust~da m.oor'efieldana pusilla ? 
SpiTi/er'ina spinosa 
Spir'i/cr'iru£ t1'anSVCTsa 
Cornposita subquadr'ata? 
CliothYl'idina hirsuta? 

Proemial Pennsylvanian element 

Fusulina sp. 

Zaph1'cntis gibsoni* 
Lophophyllurn l)1'o/undurn 
Campophyllurn tor'quiwn 
Ch(~etetes rnillepo1'C~ceus 

Eupachycrinus sp. 

Fistulipora ca-I'boncwia 
Fenestella moclcsta 
S eptopor'a biseri(~lis 

Rhornbopora lepiclodendr'oidea 

Rhipidornella pecosi 
Orthotichia schucher·tensis 
Chonetes mesolobus 
Pustula nebr'askensis 
Pustula punctata 
Aulosteges n, sp,* 
Dielasmc~ b ovidens ? 
Spiri/e1' ca.rlW1'atus* 
Spir'iler' n, sp, 
Spir'i/er r'ockyrno1t"tanus 
Squamula1'ia [Jer'plexa 
Ambocoelia p/cGnoconvexa, 
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Pelecypoda 
Schizodus depresBtLs 
Caneyelln sp. 

Gastropoda 

Cephalopoda 
Gnst1'ioceras kingi? 
GlyphiocC1'as cumminsi 

Trilobita 

Pisces 

Pseudomonotis sp. 
Acanthopecten n. sp. 

Belle1'ophon wewokanus 
Euphemus carboncwius 
Bucanopsis meekiana 
Schizos toma catilloides 
!If eekespi?'a pm'ncuta 
Plntyce?'as 1)a?'v~tm 

JliJetacocer((,s 'walcotti 
Pm'ctlegoce1'Cts n , sp, 

Griffithicles scitulus 

Edestus mino?' 

Two small collections of fossils and fossil fragments have been obtained 
from the cuttings of the Goode No.1 well, located two miles south of South 
Bend, Young County. The first collection came from a depth of 3958 feet 
and the second at 4009 feet (steel line measurements). As the top of the 
Smithwick occurred at 3335 feet and the top of the Marble Falls at 3649 
feet these shells are of much interest in the bearing they might have on the 
age of the Bend in Young County. The specimens from 3958 feet are pyri­
tized casts of small forms 1 to 2 mm. in length and it was impossible to 
determine them specifically. The genera represented are as follows: 

Plem'otomaria sp. 
B ellm'ophon sp, 
Worthenia sp. 
Leda sp, cf. L. coslyona 
Yoldia sp. 

The fossils from 4009 feet are also minute forms out of black shale frag­
ments. Although they are slightly better preserved, the species are either 
new or indeterminate so that only the genera can be given, which are as 
follows: 

Chonetes sp, 
Belle1'ophon n, sp. 
Crinoid stems 
Coral 

The specimens are indistinguishable, many of them from very common 
material collected from the Marble Falls limestone in San Saba County 
and there can be little doubt that they belong to the Marble Falls fauna 
of the Pennsylvanian. 

COT1'elation,-Even casual study of the fossils of the Marble Falls lime­
stone calls attention to the similarity in composition of the fauna to that 
of the Morrow group of Arkansas and Oklahoma which has recently been 
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described by Mather.!e Not only is there a similar intermingling of res­
idual Mississippian and incoming Pennsylvanian forms observed in the 
latter fauna but very many of the species, including a number which have 
to the present time been reported only from the Morrow, are common to 
the two. Some examples of distinctive Morrow species which are found 
in the Marble Falls limestone, as P1'od'uctus 11w1'1'owensis, Chonetes cho­
teanensis, are numerous and typical. Some of the characteristic Missis­
sippian genera which were reported from the Morrow fauna such as the 
blastoid Pent?'emites and the peculiar bryozoan, Archimedes, however, 
have not been found in the Marble Falls. Nevertheless, careful compari­
son of the two faunas leaves no question concerning the equivalence of the 
Marble Falls limestone to at least a portion of the Morrow group. The 
position of the Morrow beds with reference to a fossil flora of known age 
(early Pottsville), the Pennsylvanian elements in its invertebrate fauna, 
and the occurrence of an important unconformity beneath it, make clear 
the early PE;nnsylvanian age of the group in spite of the fossils of Missis­
sippian appearance which it contains. 

Recent study of the Wapanucka limestone of southern Oklahoma has 
shown the presence in that formation of many characteristic fossils of the 
Morrow group, and according to Mather'13 the Wapanucka is without ques­
tion equivalent in age to the Morrow. Many of the species are likewise 
common to the Marble Falls limestone of Texas, and though the latter is 
not known to contain Pentre1nites and A1'chimedes which are reported 
from the Wapanucka, the Marble Falls limestone may also be correlated 
with the Wapanucka limestone. 

Recent collections made by Moore from outcrops of the Glenn for­
mation north of Ardmore, Oklahoma, also contain typical Morrow or Bend 
species. The lower portion of the Glenn, it appears, is approximately 
equivalent to the Marble Falls limestone in Texas, to the Wapanucka lime­
stone northeast of the Arbuckles and to the Morrow group in northeastern 
Oklahoma and northwestern Arkansas. 

The Marble Falls limestone is certainly older than any of the Pennsyl­
vanian divisions which have been described in the northern Mid-Continent 
region, as indicated by a comparison with the faunal horizons described 
from Kansas in the papers of Beede and Rogers. The fauna of the Cher­
okee shale, the basal Pennsylvanian formation in the Kansas region, con­
tains none of the residual Mississippian elements which are so prominent 
a feature both of the Bend limestone and the Morrow, 

It is possible that deposits essentially contemporaneous with the Marble 
Falls limestone may be found in the Rocky Mountain region of New Mexico 
and Colorado but studies in the latter areas have not been sufficiently de­
tailed to permit satisfactory comparison of the invertebrate faunas. How-

'12Mather, Kirtley F., The fauna of the Morrow group of Arkansas a rid Oklahoma, 
Denison Univ. Sci. Bull ., vol. 18, pp. 59-284, 1915. 

'J :' Mather, Kirtley F., Pottsville formations and faunas of Arkansas and Oklahoma, 
Am. Jour. Sci.,vo\. 43, pp. 133-139, 1917. 
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ever, it may be observed that the lower beds of the northern New Mexico 
Pennsylvanian and the Hermosa formation in southwestern Colorado 
contain lower Pennsylvanian fossils some of which also occur in the Bend. 

SMITHWICK SHALE 

Na.me and Stmtigmphic Position.-The Smithwick shale was named by 
Sidney Paige41 from the town of Smithwick located southeast of Marble 
Falls, It is defined as a layer of black slaty shales from 200 to 400 feet 
thick below the sandstones of the Strawn group and overlying conform­
ably the Marble Falls limestone. 

Ea~tent.-As shown on the map it occurs all along the outcrop around 
Llano Mountains, and recently an outlier was found in a synclinal area nine 
miles south of the Marble Falls-Smithwick contact due south of Richland 
Springs. It also occurs above the Marble Falls limestone throughout a 
very large area, north, east and west of the Uano region, for it is reported 
in practically every well which has been drilled to the propel' horizon. 
It may be conceived to underlie all of the north-central Texas area. 

Noteworthy Exposu1'es.-Besides the type exposure at Smithwick excel­
lent outcrops of the shale are to be seen on the south side of the Colorado 
River at Bend in San Saba County, along a small creek valley one-half mile 
south of the railroad station at Algerita, and on the sides of a prominent 
conglomerate-capped hill on the north side of Walnut Springs two miles 
west of Harkeyville, San Saba County. 

Lithologic Characte1',-As exposed the Smithwick shale is typically a 
hard, dense, black, finely laminated, brittle, fissile shale containing fragile 
calcareous concretions, ferruginous seams, and small ferruginous concre­
tions. Two phases are recognizable lithologically: a lower black, fissile, 
carbonacecus, thinly bedded, slaty shale interbedded with dense, black, 
thin limestone layers, the whole being about 120 to 200 feet thick; and 
above, a dark-colored to yellow-green or brown, somewhat sandy shale free 
from calcareous layers, this series being from 100 to 150 feet thick. The 
upper phase is more like the shales of the Strawn beds, and in well logs 
it is difficult to differentiate it from the overlying Strawn. 

Everywhere well samples from this formation are characterized by 
dense, black, splintery shale fragments that are usually distinguished from 
the overlying Strawn shales by their darker color, greater hardness, and 
their lesser tendency to disintegrate into mud when washed from the bail­
ings in a well or triturated with water in a beaker. Its content of organic 
remains is less and the number of foraminifera fewer than that of the 
Strawn shales. Also the percentage of calcium carbonate and sandy ma­
terial is less in the Smithwick shale than in the other formations, 

A typical section of the Smithwick as measured by Moore near the Colo­
rado River west of Bend is as follows: 

HPaige, Sidney, Geology of the Llano and Burnet quadrangles: U. S. Geol. Surv. 
Folio 183, p. 57, 1912. 
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Section of Smithwick formation west of Bend 

Thickness 
Feet 

SMITHWICK SHALE-
2. Shale, olive to greenish gray, clayey to sandy, thin bedded, weathers 

easily ______________________________________________________ ____ 100 

1. Shale, black, fissile, carbonaceous, lower part contains thin beds of 
limestone ___ _____ ____________________________ __________________ 115 

The average thickness of the Smithwick shale in well sections is about 
450 feet, although owing to the erosion of the upper part of the soft shales 
on the outcrop it is rare that a complete section showing this thickness is 
found. 

Regional VClTiations.-The recorded thickness of the shale as reported 
by geologists varies greatly from one field to another, and in some areas 
the thickness changes markedly in short distances. The variation is due 
in part to a thinning or thickening of the formation and in part to failure 
of the geologists always to distinguish the upper lighter phase of the 
Smithwick from the overlying Strawn or to a mistake in identifying some 
of the limestone layers at the base of the Smithwick as the top of the 
Marble Fall~ limestone. The studies of well sections checked by samples 
show, however, that the shales . have an average thickness of 300 feet in 
central Brown County, 450 feet in Eastland County, 400 feet in Stephens 
County, and 500 to 600 feet in Young County, but marked deviations from 
these averages are common. East of the oil fields in Palo Pinto and Jack 
counties the thickness of the brittle black shale referred to the Smithwick 
is much greater. The Edmondson well located nine miles south of Mineral 
Wells, of which a careful log and samples of cuttings were kept by the 
geologists of the Empire Oil and Gas Company, shows 700 feet of shale 
containing sandy layers, above the limestone of the Marble Falls forma­
tion. The log of the Dye No. 1 test drilled by Roxana Petroleum Company 
east of Graford, from which samples also have been collected and checked 
against the driller's record, shows 600 feet of this black shale. 

It is not known whether this greater thickness is due wholly to a thick­
ening of the Smithwick or to a playing out eastward of the upper limestone 
layers of the> Marble Falls formation, so that the shale includes the upper 
part of the older formation. However, the top of the Marble Falls lime­
stone and the top of the Ellenburger limestone dip eastward from Breck­
enridge and Caddo aCross Palo Pinto County, and by projecting the top of 
the Marble Falls limestone from Caddo it comes at about the depth where 
limestones are encountered in the holes 700 feet below the top of the black 
shales (Plate IX). Therefore, it is concluded that the greater thickness 
(\f the shales in the deep tests all belongs to the. Smithwick shale forma­
tion. 

In tests drilled in the Caddo and Breckenridge fields the Smithwick 
shale is undoubtedly abnormally thin (Plate V and section of the Breck-
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enridge field, Plate IX). This thinness is due either to an uplift that 
gave rise to the Caddo and Breckenridge domes following the Marble Falls 
epoch, so that the full thickness of the Smithwick was never deposited, 
or more probably to removal of a portion of the shale on top of the domes 
in the pre-Strawn epoch, the same as the Smithwick in places on the Llano 
uplift was removed so that the Strawn lies in direct cuntact with the 
Marble Fall!:' limestone. This last conclusion is given added weight by the 
fact that the Davis No.1 well drilled by the Gulf Production Company 
in the Breckenridge field at a location near the top of the subsurface dome 
(on the west side of the Breckenridge-Cisco road four miles south of Breck­
enl'idge, T. E. & L. Survey, No. 3386) had less than 100 feet of shale that 
can be referred to the Smithwick in its section. Samples of the cuttings 
from this well were carefully saved and have been studied by E. G. Allen 
who furnishes the following section: 

Section of lower part of Davis No. 1 well, four miles south of Breckenridge 

Description Thit::kness 
STRAWN GROUP-

Blue shale and sand................ ... .................. ...... ............. .. 18 
Dark blue shale.................................................................. 40 
Blue sandy shale.............................................................. 10 
Blue shale......... ...................... ........................................ .. 50 

BEND GROUP-
Smithwick shale 

Dark slaty shale................................................................ 10 
Limestone .......................................... .... .... .................... .... 6 
Gray shale and sand, water-bearing............................ .... 8 
Dark grey shale and slate................................................ 86 

Marble Falls limestone 
Gray, porous limestone .................... ...... .......................... · 111 

Depths 

2906-2924 
2924-2964 
2964-2974 
2974-3024 

3024-3034 
3034-3040 
3040-3048 
3048-3134 

3134-3245 

Paleontology.-The uppermost formation of the Bend group is found 
to contain fossils at certain horizons. The collections of the writers were 
made chiefly along the excellent exposures near the junction of the Bend­
San Saba road and the Bend-Cherokee road, about a mile west of the town 
of Bend. The lower black, fissile shale is not fossiliferous but in the lower 
part of the upper olive gray shale numerous fossils are found. This hori­
zon is in the middle portion 'of the Smithwick division. Although some 
hundreds of spec~mens in all were secured, the number of species repre­
sented is not large. In the main, they are different from those which were 
found in the subjacent limestone. It is probable, however, that the dif­
ferences in composition are the natural result of the marked change in 
sediments which characterized the latter part of the Bend time.. The 
change was somewhat gradual, as evidenced by the interbedded black lime­
stone and black, bituminous shale at the top of the Marble Falls limestone, 
and it is clear that there was no break in deposition of sediments befOl'e 
the Smithwick shale. 

The fauna of the Smithwick shale, as represented by the collections near 
Bend, is as follows: 
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F:auna of the Smithwick shale, eastern San Saba County 

Coelenterata 
HadT01JhyllutIL aplatum Cummins 

Echinodermata 
Crinoid stems 

Bryozoa 
Cystodictya lineata Ulrich? 

Brachiopoda 
Lingula sp. 
OTbicu lo idecL sp. 
Chonetes laevis Keyes 
Chonetes sp. 
11 thYTis ? sp. 
CUothY'l'iclina subla?Jl.elloscL (Hall)? 

Pelecypod a 
L eda bellistt"iata (Stevens) 
L eda bellist?-iata attenuata (Meek)? 
Conocat'dimn sp. 
M1Jalina subquadmta Shumard ? 

Gastropoda 
B ellet'ophon wewo1canus Girty 
Bellet'oJjhon n. sp. 
Bucanopsis meek-iana (Swallow) 
Phanet'ott'enw n. sp. 
B embexia nodomaTginata (McChesney) 
EU01n1Jhalus n. sp. 
TW'bo n. sp. 1, 2 
S1Jhae1'odoma ? sp. 
iltIee1cospit'a pet'acu ta (Meek and Worthen) 
Bulimm'pha ? sp. 

Cephalopoda 

Pisces 

Ot·thoce'm s sp. 1, 2 
Gastt'iOceTas compTessmn Hyatt 
Gastt'ioceras sp. 
Pat'alegocet·us n. sp. 
Pat'alegoceTus sp. 

Edestus minor'" Newberry 

This fauna is very dominantly molluscan, both in number of different 
species and the number of individuals. The species Bellerophon sp. and 
Gastriocer(/'s compressum are much the most common forms present. Both 
are apparently restricted to the Bend group, although the latter is found 
in the upper part of the Marble Falls limestone as well as in the Smithwick 
shale. Most of the specimens of this cephalopod found in the shale are , 
crushed flat, a condition which indicates a very thin, fragile shell. 

COTTelation.-Of the species composing the fauna of the Smithwick 
shale a very important element is apparently confined, so far as known at 
present, to this formation. Most of the common shells are either un­
described forms or types which have previously been descri,bed from the 
Smithwick alone. Such are HaclTophyllum aplatum, a very curious coin­
shaped coral (see Plate VII) described by Cummins, a highly ornamented 
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Conoca~'dium, new species of BelleTophon, Phane1"'otr emct, Euomphalus, 
and Turbo, Pa,ralegoce1'as, and Gast1'ioce1'Cts compTessum. The coral com­
monly weathers to a pure white color which contrasts strikingly with 
the dark color of the shale. The remaining species in the fauna are nu­
merically not important, but they indicate relationships which, with the 
generic character of the forms which are . restricted to the Smithwick, 
show clearly the approximate geologic age of the forination. All of th~ 
associations of the Smithwick fauna appear to be with the Pennsylvanian, 
although the occurrence of such a form as Bembexia nodomarginata, else­
where reported from the Moorefield shale, is an interesting remnant of 
Mississippian aspect. 

It is apparent that the Smithwick, like the Marble Falls limestone which 
it conformably succeeds, is a deposit of the early Pennsylvanian Pottsville 
division and equivalent in age to a portion of the Morrow group of Okla­
homa and Arkansas. It is probably also contemporaneous with some 
portion of the clastic sediments of the Atoka and succeeding strata which 
overlie the Wapanucka limestone northeast of the Arbuckle Mountains 
in southern Oklahoma, and to a portion of the Glenn formation on the 
south side of the Arbuckles. 

STRA WN GROUP 

GENERAL DISCUSSION 

De/inition.-The Strawn group as here defineg includes all the strata 
from the top of the Smithwick shales to the base of the Palo Pinto lime­
stone as mapped in the Brazos River Valley or its stratigraphic equivalent 
in the Colorado River Valley. The Palo Pinto limestone is now known 
to be represented in the. Brownwood district by beds 200 feet below the' 
thick Adams Branch limestone. Therefore the upper contact of the Strawn 
in the southern district is marked in some places by the Rochelle con­
glomerate and in other places by the top of the first coarse sandstone that 
lies approximately 200 feet below the Adams Branch limestone at the base 
of the "CampophyIlum" bed of Drake. 

The heavy layers of sarllis and gravels of the Strawn group were the 
first to be deposited after the great regional uplift and epoch of erosion 
that followed the deposition of the Smithwick shale. The series stands 
out in striking contrast to the carbonaceous muds and calcareous oozes 
of the preceding group. The uplift consisted of an elevation with arching 
and local folding of the sediments in north-central Texas along a line 
through Eastland, Stephens, and Young counties accompanied by a de­
pression in the eastern part of Erath, eastern part of Palo Pinto, and 
Jack counties, and an elevation in the Llano Mountains. 

The Strawn sea advanced over a low, mud-covered country probably 
much like the Texas Gulf Coast of today, except that the land consisted 
of broad ridges and shallow depressions and sloped northward and east­
ward. The water first advanced into an embayment formed by the down­
warping in eastern Jack and Palo Pinto counties. The bay was fairly 
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deep, and a land mass lay to the northeast in eastern Texas and south­
eastern Oklahoma. During the first half of the epoch limestone and fine 
dark-colored clays were laid down in the Mineral Wells embayment. In 
the latter part of the epoch the sea advanced westward and southward 
reaching the Colorado River Valley area where the sea was shallow and the 
sediments were mostly coarse clastics. All the sediments were deposited 
as if along a broad subaqueous outwash plain with a gentle depositional 
dip to the west. Subsequent tilting has accentuated the west dip and tilted 
the northern beds toward the north so that the normal dip of the group 
is west and northwest, and the best sections are now to be seen along 
the east exposures. 

Stmt'i,qmphic Relationships.-The relationships of the Strawn to the 
Smithwick shale are everywhere unconformable. On the north side of the 
Llano Mountains where the lower contact is exposed, the Strawn sands 
are deposited on the eroded surface of the Smithwick and Marble Falls 
formations and overlap in one or two places on the Ellenburger limestone. 
In the Brazos River, Colorado River, and Trinity River sections the basal 
beds of the Strawn pinch out westward so that the younger beds pro­
gressively overlap the older strata, and wells drilled along an east-west 
line in the west side of the area reach the Smithwick shales at pro­
gressively shorter distances through the Strawn as shown in Plate III. 
This condition suggests that relative uplift of the land mass continued 
during the Strawn epoch so that each younger bed was carried out and 
deposited farther down· dip and farther off shore than the preceding. 
In the Brazos River section the contact of the Strawn and Bend is known 
only from well logs. Nearly all records show a light-colored quartz sand 
near the base of the Strawn. In places the sand lies directly on black 
Smithwick shale, and in other places it is separated from the black 
shale by blue clays and thin limestone layers (Plate IX). This sand is 
known to the drillers in the Desdemona field as the "hurry up" sand and 
by others as the "pepper and salt" sand. In many sections it contains 
salt water. Under the microscope samples are found to contain grains 
of black shale and black chert that resemble very closely the shales and 
cherts of the Bend group. It is thought that this sand phase in well 
sections at the base of the Strawn represents the line of unconformity 
between the Strawn and the Bend, and it has been employed constantly 
in determining the subsurface stratigraphy of the oil fields. 

The Strawn is overlain unconformably on the east side of its outcrop 
by Cretaceous deposits and conformably on the west side by the beds of 
the Canyon group. However, in the Colorado River district close to the 
Llano Mountains some evidence of local unconformity at the base of the 
Canyon has been found, which will be discussed in the consideration of 
the stratigraphic relationship of that group. 

A1'eal Distribution.-The outcrops of the Strawn group form two large 
triangular areas located in the Colora(io River Valley, and Brazos River 
Valley, as shown on the sketch map, Figure 7. There are also narrow 
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strips along the tributaries of De Leon River in Comanche County and 
possibly in the West Fork of the Trinity River in Wise County. 

The Colorado River outcrop is a wedge-shaped area with its broad side 
extending from a point near the San Saba-McCulloch county line west 
of Hall to a place about four miles northeast of Brownwood, and the 
point of the wedge extends down the Colorado River Valley as far as Nix 
postoffice in Lampasas County. The south side of the outcrop is bor­
dered by the alluvial flats of the San Saba River from Algerita to the 
Colorado River and the north side by the stream-indented escarpment of 
Cretaceous gravel and limestone extending across the west side of Mills 
County. 

The Brazos River Valley outcrop extends from a west border line drawn 
from Salesville in Palo Pinto County down the Brazos River Valley as far 
as Dennis in Parker County, an area covering about 1000 square miles. 
The outcrop is bordered on the northeast and south by Cretaceous sands 
and on the west by the massive Palo Pinto limestone of the overlying 
Canyon group. 

Three small outliers in the midst of the Cretaceous belt are located, one 
in the valley of Sabanna River south of Gorman, another along Copperas 
Creek in the central part of Comanche County seven miles south of DeLeon, 
and the third on Hog Creek two miles south of Desdemona (Figure 7). 

STRAWN GROUP IN THE COLORADO RIVER VALLEY 

Geneml Statement.-As the strata in t4e Brazos and Trinity river val­
leys present marked differences in type of sediments and lithology and 
contain faunas not yet discovered in the Colorado River Valley, and as the 
areas are separated by so broad a stretch of Cretaceous deposits, it has 
been impossible to correlate definitely any layers of the Brazos River Val­
ley with any in the Colorado River Valley. Therefore, it seems preferable 
to discuss the two areas separately, and until definite correlations can be 
made, to use different names for the subdivisions of the group in the sepa­
rate districts. 

Dm7ce's Classification.-In the Colorado River Valley the Strawn has 
been mapped and described by DrakeY The columnar section on Figure 
11 shows graphically the character of his subdivisions as plotted from his 
published descriptions. The group in this area consists of sandstones 
alternating with clay layers of about equal thickness. Each continuous 
clay bed and each series of sandstones received separated names as follows: 

20. Ricker bed 
19. Antelope Creek bed 
18. Indian Creek bed 
17. Comanche Creek bed 
16. Wilbarger bed 
15. Buffa lo Creek bed 

'Jr, Drake, N . F., Report ' on the Colorado coal field of Texas ; Geo!. Surv. Texas, 4th 
Ann. Rept., p. 374, 1892. 
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14. Rough Creek bed 
13. Hanna Valley bed 
12. Cottonwood Creek bed 
11. Spring Creek bed 
10. Brown Creek bed 

9. Big Valley bed 
8. Bull Creek bed 
7. Horse Creek bed 
6. Foxford bed 
5. Bed No.8 
4. Shadrick Mill bed 
3. Elliott Creek bed 
2. Burnt Branch bed 
1. Lynch Creek bed 

As each bed has been carefully described by Drake,16 and as the sand­
stones and shales of a given bed closely resemble those of any other in the 
group, it is unnecessary to describe again each layer individually. There­
fore, the Strawn group will be discussed briefly as a whole and only such 
new sections and detailed descriptions given as will supplement the de­
scriptions of Drake. 

Notew01'th1J Exposu1'es.-The best exposures of the Strawn in contact 
with the Smithwick shale are along Lynch Creek ¥,rest of Nix postoffice 
in Lampasas County. The lower sandstones and shale beds are best studied 
on the east side of the Colorado River near Shadrick Mill. The middle 
beds including the Cottonwood Creek series of sandstones are excellently 
exposed along a prominent escarpment which extends from a point north 
of Richland Springs northeastward to Regency on the Colorado River. 
The upper beds outcrop typically along the Brownwood-Regency road five 
miles south of Brownwood. 

Thiclcness.-The drill shows the greatest thickness of the Strawn south 
of Brownwood to be not over 1200 feet. Because of the abrupt pinching 
out of the lower beds by overlap this thickness is very much less than 
the combined thickness of the individual beds measured along the outcrop. 
The measurements on the outcrop by Drake, and more recently, in the 
course of the Roxana work, by Wells and McLeod, give a total thickness 
for the bed~, of more than 3800 feet. As the St.rawn passes beneath the 
younger beds of the Pennsylvanian and Permian divisions, it continues 
to decrease in thickness, both by the playing out of the lowermost beds 
and by the thinning of the sandstone members which are replaced lat­
erally by thin limestone lentils and shales, a change that indicates a farther 
off-shore phase. This change in sediments is illustrated in the well log 
section, Figu~e 8. Two miies east of Brownwood where the Capps wells 
were drilled the Strawn is 1100 feet thick; five miles west of Brownwood 
the Coyle well of the Lucky Six Oil Company located on top of the Brown­
wood fold shows the Strawn to be 700 feet thick; the Davis well drilled by 
the Carter Oil Company seven miles south of Bangs shows 800 feet of 

46Idem, pp. 375-389. 
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Strawn; and the Morris well drilled by the Magnolia Oil Company nine 
miles north of Coleman shows only 500 feet of the Strawn group. North 
and northwestward from Brownwood the group thickens, and the top of 
the Smithwick is found at progressively greater depths in the wells located 
northwestward along the strike of the surface strata. 
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n .... ",..O ...... rcTeo 
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G\~"""""' ~I)' 

H & QAVI:) NO I 
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f[ .",:. C"'~'r.II:N OllCo 
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Figure 8 . . Section across Brown and Coleman counties showing thinning of the 
Strawn group toward the west 

Lithologic Chamcte1'.-In the Colorado River Valley the Strawn series 
consists of beds of calcareous blue and gray shales, sandy shales, and shales 
interbedded with thin sandy layers alternating with massive sandstone beds 
most of which are coarse-grained and reddish-brown and contain thin 
layers of shale and lentils of conglomerate. In many places the sandstone 
contl:1,ins fragments of coal plants, and thinner fiaggy layers, which in 
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places show ripple marks along the bedding planes. Most of the individ­
ual sandy layers have been deposited irregularly and, though a given series 
such as the Cottonwood beds may be traced for miles, any individual' layer 
is found to grade laterally into beds of shale and a new lentil of sand 
may appear just above or just below the first position in the section. The 
upper 400 or 500 feet of the Strawn contains a greater proportion of 
shale and less sand than the middle and lower portions. 

Detailed Sections.-The columnar section from Drake's descriptions 
shown in Figure 2, the columnar Section No. 1 on Plate II and the de­
scribed sections by L. E. Wells and Angus McLeod, given on page 67 
are accurate representations of the stratigraphy of the Strawn series as a 
whole. The lowermost beds of the Strawn near the contact with the 
Smithwick shale are well illustrated by the following section measured 
along Lynch Creek two and one-half miles northwest of Nix postoffice 
at A, Figure 7. 

Section of Lynch Creek two a~d one-half miles northw ... st of Nix 

Thicknes! 
Feet 

STRA WNGROUP-
Lynch Creek Bed 

5. Sandstone, brown, ferruginous ____ _____ ____ __ __ ____ __ ____ _____ ___ _________ _____ __ ._ __ _____ __ _ 20 
4. Sandstone, reddish-gray, interbedded with shale layer s__ _______ ___________ __ 30 
3. Shale, bluish, sandy_ __ __ __ _____ __ _________________________________________ ______________ ______ __ ___ 10 
2. Shale, bluish, sandy______________ ___ ____ ____ ______ _________ _____ ________ _______ _______ _____ ___ _____ 10 
2. Shale bluish_ __ ________ __ _____ ____ __ ________ _______ ______ ___ ______ ___ __ ___ __ __ __ __ ___ ____ __ __________ _____ 40 
1. Shale, black and bluish green __ _____ __ _______ ____ ___ ,,_ ____ _____ _____ _______ _____ ______________ 20 

The basal shales closely resemble the layers of the Smithwick formation 
and probably represent redeposited material from the Bend group. An 
apparent upward gradation from the black Smithwick shales into bluish 
shales followed by thick layers of sandstone is typical of the sections ex­
hibited by many well logs. For example, a study of the cuttings from the 
Capps well two miles east of Brownwood, at B in Figure 7, gives the fol­
lowing section: 

Section of portion of the Capps well two miles east of Bi·ownwood 

Thickness Depth 
STRA WN GROUP-

6. Sand, gray and white _____________ ___ , __________________ ____ ______ _______ _ _ 60 990-1056 
5. Shale, sandy, grayish-blue ___ __ _____ ________ __ ___________ _____ ___ ____ _ 35 1050-1085 
4_ Limestone, gray, sandy ________________ _________ __ ___ __ _ • ____ __________ _ _ 5 1085-1090 

BEND GROUP-
Smithwick Shale 

3. Shale, dark bluish-black ___ ___ ____ ____ _______ _____________ _____ _____ __ _ 110 1090-1 200 
2. Shale, blue, sandy a t top _____ ____ _______ ____ ___ ___ ______ ____________ _ _ 40 1200-1230 
1. Shale, black, brittle ____ __ __ ____ __ ______ ______ ___ __ ____________ ___________ _ _ 210 1230-1450 



66 University of Texas Bulletin 

About 30 miles northeast of the Capps well in the Desdemona field the 
basal formation is well known from a large number of samples collected 
from the cuttings and studied in the laboratory. The following section 
taken from the Herrington No.1 well of the Plains Oil and Gas Company, 
located at C in Figure 7, as interpreted from samples collected by Ray 
Austin, is as follows: 

Section of basal Strawn beds in the Desdemona field 

(C in fig. 7) 

STRAWN GROUP-
Thickness 

Feet 
.5. Sandstone, gray, hard, water-bearing, contains bit of 

black shale and black chert derived possibly from 
the Marble Falls limestone:....... ................. ... ... .... ..... 100 

4. Shale, blue-gray, sofL.. ............. ... ................. ............... 140 
3. Shale, grey, calcareous .. ... ................ . :........... ...... .......... 30 

BEND GROUP­
Smithwick shale 

2. Shale, black, soft.. ......... ................. ......... ....... ................ 250 
1. Shale, black, brittle, caving·.......... ................................ 230 

Depth 
Feet 

1900-2000 
2000-2140 
2140-2170 

2170-2420 
2420-2650 

In some other sections, as in the Rudd well three miles southwest of 
Gorman, the sandstone lies in direct contact with the Smithwick shales 
(columnar Section 8, Plate V) . 

The middle portion of the Strawn contains more sandstone and.con­
glomerate layers, and the shale content is less. The shales are mostly 
blue in color, in fresh cuts, weathering to gray or yellow where exposed 
for a long time. Most of the shale layers are more or less discontinuous 
and grade laterally into sandstones. The sandstones are gray, changing 
to red or brown when weathered; everywhere they are soft and disinte­
grate readily into loose sand obscuring the outcrop in those places where 
erosion is not sufficiently vigorous to remove the debris. At various hori­
zons in the sandstone beds there are thin layers of conglomerate which 
consist largely of angular fragments of small siliceous pebbles less than 
one-half inch in diameter. The gravel grades from coarse to fine in short 
distances. The following section of ihe Cottonwood beds as measured 
by L. E. Wells is typical of the middle portion of the Strawn. 
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Section of upper part of Cottonwood Creek beds from mouth of Cottonwood Creek 

west to San Saba-Brownwood road 

(D in fig. 7) 
Thickness 

STRA WN GROUP- Feet 
Cottonwood Cr eek Bed 

8. Sandstone, gray, friable, massive at top, thin-bedded and shaly at 
bottom, weathers brown, breaks into large blocks ___ .. ___ ... ________ .... __ _ .. 5 

7. Sandstone, blue, weathers gray, sandy toward bottom ....... _____ __ ....... _.. 10 
6. Sandstone, gray, friable, massive .... _ ...... . _. ___ ._ ... _._ ... _____ .......... ___ ._ .... ... __ . 55 
5. Shale, sandy shale, and sandstone .. ______ _ ...... _____ ..... _ ... __ ........ .... ___ ........ .. 13 
4. Sandstone. gray, thin-bedded, with thin bed of coarse conglomerate 

made up of siliceous pebbles % inch in ' diameter and smaller........ 1 
3. Shale, blue gray ......... __ .. .. ... ..... _ ......... _._._. _ .. __ . ______ ._ .. ...... ...... .. ___ ............ __ 4 
2. Sandstone, gray, friabl e, massive ..... ____ .... __ .. ___ ... _ ........ _ ...... .. __ _ .... ........ __ 33 
1. Sandstone, thin-bedded, changes laterally into massive sandstone .. _. 29 

Total thickness measured ...... __ .... __ ..... _ .... . _. __ . __ .. .... _ .. _._ .... _.... ..... 141 

The upper third of. the Strawn section contains shales and sandstones 
in about equal proportions, and its characteristics are best illustrated by 
the following section: 

Section of Strawn group, along north side of Colorado River, Mills County, Texas. 

By Angus McLeod. (E. in fig. 7) 

Feet 
STRAWN GROUP-

Antelope Creek Sandstone? ' 
Shale ___ ._ ..... _ ... _._ ....... ....... ____ ... ..... __ .... _ ..... .. ___ . __ .. _ ... ___ . __ .... _ .. _ .... _ .... .. __ ........... ... 6 
Sandstone ... ... _ ...... _ ....... ______ ... _ ....... _. __ ... ..... . ____ ..... _ .. _____ ..... _ .. _ ... . _._ .. _. __ ._ ........ __ 4 
Shale .. _._ ......... _ ......... __ ..... ____ ......... _ .... .... .... . __ ._._ .. _ .. _. __ .. .. _ ... .... _ ...... .. __ ........ .. .. __ 8 
Sandstone ...... _ ...... .... _._._. ____ .............. _ ....... ___ . __ ._ ..... _._. ___ .. ......... ....... . __ ....... ... __ 12 
Shale ___ .. _ ........ _ .. _ ... _ .. . _ .. .. ____ ... .. ... . _ .. ____ ........ ...... ... _ .. ____ ._ ...... __ . __ .... .... ____ _ ._.. ... ... 6 
Sandstone, forming prominent escarpment __ .. ____ .. __ .... ..... ___ ...... .. _._ .. __ ...... . __ 16 

Comanche Creek Shale? 
Shale ... ___ ..... __ .......... _._ ........... .. _ ..... ___ ......... ______ ._ ... _. __ .... _ ......... .. __ .... __ .... _..... .... 86 
Sandstone ............. _._. ___ .. _ ..... .. ....... _. ___ .... ... _._._ ... .. ............. __ . ___ ........ __ .. _ ......... _. 2 
Shale . _____ ..... _ ..... ... ___ . __ __ ... _ ........... ______ _ ....... ___ .. _ ... _._ .. _ ..... .. _._ .. ........ .. __ . ___ ..... .. ... 42 
Sandstone .... .... .. ... ____ ._ ....... _ .... .. _ .... _ ........ ... .. __ ._ .. ____ ._ ......... _____ ... ....... _____ ....... __ 6 
Shale __ . ___ ._ .. ........... ......... ___ ....... .. ... ___ ._ .... ... ___ .. ___ .. __ . __ ....... __ . ____ .. _ ... c._ . __ ... ....... __ 34 
Sandstone ...... _ .... _. _____ ... _ ........ ... ..... __ ......... ___ ........ _ .. _ ... .... ____ ___ .. _ ..... ..... _ .. ...... _. 2 
Shale . __ . __ ...... ..... .... _ .. ... .. ....... ....... _ ............. __ . __ ..... __ . __ ....... _______ ..... ... ____ ... ...... . _. 30 
Sandstone .......... ... _. __ ..... _ ...... .. .... .. _._ .. ......... _ ..... _______ ....... _______ .. ........ . _ ..... ..... __ 6 
Shale ._ .. _ .. ........... .... ___ .... _ ..... _ ............. _ ... .... ____ ._ .. _. __ . __ ....... _______ ........ .. _ ........... __ 92 

Wilbarger Sandstone? . 
Sandstone, gray, massive, weathers to large blocks .... . ________ .... .. . __ ... __ .... ..... 4 
Shale, yellow ..... _ ... __ .. __ . __ ._ .. __ ....... ..... __ ........ __ .. _ ....... ... ...... _______ ..... .. . ________ ...... .. 8 
Sandstone, dark gray, gritty in places, conglomeratic ... _. _____ . __ .... .. _ .. ___ _ .. ... _.. 8 
Shale, yellow, sandy._ ..... ______ ......... ___ .. ..... .. _ ...... .. ............ _____ ..... .. .. . __ ____ .......... 8 
Sandstone, gray-brown, medium-grained. ___ . __ _ .. .. __ ._ .. _ ...... ___ ____ ..... ... _____ ......... 10 
Shale, yellow, sandy .... .. __ . ___ .. .. _ .. ______ .... ..... ___ . ___ ._._._ .... __ ... _______ ....... __ _____ .... ..... 16 
Sandstone, gray to red or brown, massive-b edded, medium to coarse-

grained, contains fragments of coal plants __ ___ ......... __ ._. ___ . __ ..... _ .... _.......... 6 
Shale, gray_ ....................... _ .. .... _ ...... _. __ ... _ ... ~ __ . ___ ._ ._ ... _ ...... __ ..... _. _ ..... ... _ .. _ ......... _ 10 
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Sandstone, gray, weathering buff and reddish-brown.................................. 6 
Shale, gray. .. ................. ............ ...... ................ ......... ..... .... ............................ 12 
Sandstone, gray, to red or brown, massively bedded, medium to coarse-

grained, some beds contain coal plimts ......... ..... ....................... ,.·. ............ 22 
Shale, yellow ........................................................ ............. --·· ... ----- ...... -.. -....... 6 
Sandstone, gray, massive to flaggy .. _ ...... __ ........ ___ .. ....... _ .. _ ........ __ ................ · 28 
Shale, gray ... ... _ ...... __ .......... _ ............ . _ .......... ___ ......... __ ·· ...... -- .. ..... -.................... 16 

Buffalo Creek-Hanna Valley Beds? 
Shale, yellowish-gray to white, containing layers of ferruginous and 

calcareous concretions. _____ ........... __ .... .. ...................... _ .. _ .. ....... _ ........ ----..... -- 92 
Sandstone, gray to yellowish-gray, medium-grained .......... .......... ...... -...... - 24 
Shale, gray, sandy, containing thin layers of sandstone ........ ____ ...... .... __ ...... 28 
Sandstone, dark gray, massive, hard, fine-grained .. ....... .... ...... ........... -.. -...... 26 
Shale, gray-blue ...... __ ........... ______ . __ __ . __ .. __ . __ __ ... ____ ... ___ .................... -... -- .. ---- ..... -- 18 

Cottonwood Sandstone? 
Sandstone, gray, weathering reddish-brown .... ___ ........... _ ........ _ ........ _____ ...... 6 
Shale, bluish-gray ............ ----............ ......... ............. ........ --- .. -........ _ ....... __ ........ 10 
Sandstone, grayish-brown ... _ ...... _ ........ _...................... .... ................................ 12 
Shale, bluish-gray, sandy_ .. _ .............. _ ............. __ ... ___ ........ ___ ........................... 8 
Sandstone, gray or reddish-brown, massive, conglomeratic in places........ 28 
Shale, blue-gray ...... __ ....... ___ ._ ..... __ .... _ ... ....... _ ......... ____ ................ _ ...... .... .. . _.... .. . 12 
Sandstone, yellow-gray, ferruginous ........ __ .. ...... .. _ .......... __ .......... ...... ____ ....... 16 
Shale, blue, weathering to yelIow ______ .......... _ ........ ____ .......................... _.......... 16 
Sandstone, ferruginous, coarse in places, conglomeratic ........ __ ................. _ 2 
Shale, blue, weathering to yeUow ........ ...... ................ __ ........ ________ .......... __ .. __ .. 10 
Sandstone, gray, with coarse conglomerate at top ...... . __ .... __ ... ____ ........ ______ .... 6 

Spring Creek Shale? 
Shale, blue .. ___ __ .. .... ......... ........ ...... _ .. .. ...... ... __ ......... ___ ......... __ ... .... ___ ............ __ ... 54 
Sandstone, gray ........ ____ .... __ ....... __ . ___ ........... _ .. ____ ... _ ... __ .... _ ....... ____ ... __ ... ____ . __ .... . 2 
Shale, blue-gray ..... ____ ..... _ .... __ .. . _____ ............ __ ........ ___ ...... __ . ___ ..... .... _ .... . _ .. __ ...... 12 
Sandstone, gray ........ _ ........ ___ ... .. ________ ____ __ _________ . __ .. ___ ................... _ ........ __ ........ 6 
Shale ...................... _ .. _ ...... _____ ....... _ ............ _____ .. .... ... __ .... . _ .... ....... _ .. _ ..... __ ......... 11 
Sandstone ... ........... _ .... ...... __ ....... __ ._ ...... ..... _ .. _ ....... _ ......... _ ........ .... __ ...... ___ ........ 8 
Shale ................... ___ _ ._ .... .... ......... __ ..... .. .......... __ .......... .................. __ ................ _ 8 
Sandstone, gray, massively-bedded, few layers more resistan.t than others 

form benches, base concealed by loose sand ........ _ ...... ___ .. ........ _ ...... _.......... 36 
Shale .. __ ......... _ ..... ... _ .. __ .... . _ .. __ ..... _ .......... . ~ ... ___ ....... _ .... ...... _ .. _ .... ... _._.. .. ............. 18 
Sandstone .................. _ ..... __ ...... .................. _ ......... _ ............ __ .. ............. __ .... ..... _ 6 
Shale .. _ .. _ ..... _ ... _ ....... _ .. _ .... .. ____ ... ... ____ ........... __ ........ ___ ... .... .. __ ... __ .. .. __ ...... ____ ...... _ 18 
Sandstone ..... .......... __ .... ............ ..... _ ........... ...... ... __ .. _ ...... .. __ .. __ ............ _____ .... __ . 2 
Shale ... _._ ..... __ ._ ................. __ .. _ ........ __ ....... ..... ___ .. ... __ .... ... .. _ ................... ____ ... ... _ 12 
Sandstone .... _ ................... _ ........... _ ... , .. .. ______ ......... ___ ._ .. .. ......... ... ___ ..... __ __ ......... 8 
Shale _____ ....... ... __ .... ____ .. __ .... ____ ............ ........ ___ ... ...... ..... ........... .... ....... ... ... __ ... ... 6 
Sandstone .... ___ ...... ............... _ ... . __ .. _ ... ....... _____ ....... _ .... __ ... _____ ......... _ ......... _.. .. ... 6 
Shale .. _ ............ __ ........... .......... __ . __ .. _ .. ... .. ___ . __ ._ .. ..... .... ...... ___ .. __ .. ___ ... __ ...... ___ ...... 30 
Sandstone .. ____ ___ __ ... ... _____ ....... __ .. .... _ .. ......... _ .. _ ... .... ___ ........ _ .. __ ..... _ ... _ ..... _ ..... .. .. _ 2 
Shale ............... _ .......... _ .. .............. _ ........ _____ .. __ ... .... _ ...... ... ____ .......... _ ...... ___ ........ 12 
Sandstone, gray to brown, in places shaly, medium hard .. ... __ ~ ........ __ .. ...... 5 
Shale .. ___ ......... _ .. .. ...... _ ... ...... _ ....... ___ ._ ..... __ .... _ .. _ ............ ........ _ ...... _._ ................ _ 13 
Sandstone .... . ___ ....... _ ........ _ ..... ....... _ ........ _ .......... ... _ .................... .. __ ........ ......... 4 
Shale .... __ ....... ___ ........... ..... _ .. __ .... ...... _ .... ____ ............. __ .... .... _ ......... ____ ........ _........ 20 
SandstonE', gray, red and brown, calcareous ...... .. __ ...... ____ .. ........ __ ....... __ ....... 6 
Shale ... __ ................. ___ ..... .. _____ ..... __ ... _ ...... __ .. __ ... .. ... ...... ...... _ .. _ ..... . _ ........ __ ........ _ 42 
Sandstone ....... __ .. ... ..... .. ...... __ .. .... ___ ....... _ ........ .... ... ___ .... ... _..... . ........ .. .............. 10 
Shah~ ............... ......... _ ......... _ ............ _ ................. ..... ...... ........... ,.... ..... ............. 10 
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STRAWN GROUP IN THE BRAZOS RIVER VALLEY 

Geneml Statem,ent.-The series of Strawn beds in the Brazos River 
Valley has not been systematically studied as a whole, and it is regretted 
that a map showing the prominent sandstone members can not be pre­
sented. However, detailed work has been done on the lower beds in the 
vicinity of Dennis and Kickapoo Falls, and on the upper beds in the vicinity 
of Mineral Wells and Gordon, and therefore the Strawn section as a whole 
in this area is quite \VeIl known. 

The Strawn group in the Brazos River Valley has been divided into two 
formations: 

2. Mineral Wells 
1. Millsap 

The best exposures of the lower beds are to be seen in the southwest 
corner of Parker County, especially at Dennis on the Brazos River, 11 miles 
south of Weatherford, and at Kickapoo Falls and Rayville, two miles south 
of Dennis (Plate X). The middle portion of the Strawn group is excel­
lently exposed in the vicinity of Millsap where the clays may be seen at a 
beautiful section near the Acme Brick Company plant along the Texas 
and Pacific Railroad tracks two miles west of the town. The sandstones 
and conglomerates can be seen along the escarpment crossed by the Min­
eral Wells~ Waco road three miles northwest of Millsap. Another vantage 
point from which to observe the massive Strawn sandstones is along the 
300-foot cliff overlooking the great curve in the Brazos River at Inspira­
tion Point eight miles due south of Mineral Wells. The upper strata 
of the group may be seen in typical section on the sides of East Mountain 
in Mineral Wells and along the Mineral Wells-Palo Pinto road. 

MILLSAP FORMATION 

Definition and Stmtigraphic Relationships.-The name Millsap, given 
to the basp.I beds in the Brazos Valley by Cummins in 1890 and later 
abandoned by the State Survey, has been retained here for the same series 
of strata; namely, all the beds in the Brazos River Valley below Coal Seam 
No.1 and above the black shales of the Smithwick formation. The basal 
beds of the Millsap formation are now very well known from the drill 
records, as a great many holes have been put down in the vicinity of 
Millsap, Mineral Wells, Gordon, and Thurber. The fauna is very different 
from that of the overlying Mineral Wells formation, and the lithology is 
sufficiently distinctive to make this formation easily recognizable as a . 
separate unit of the Strawn group. 

Extent.-The outcrop of the Millsap beds is confined to small areas in 
stream valleys where the overlying Cretaceous beds have been removed. 
The largest outcrop is located in the Brazos River Valley and includes 
the southwest corner of Parker County and the north edge of Erath County. 
Two other areas have recently been discovered in the midst of the Creta­
ceous sands of Comanche County: one in the valley of Hog Creek two miles 
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south of Desdemona, and the other in the valley of Copperas Creek six 
miles south of DeLeon. The location of these outcrops is shown in Fig­
ure 7 and on the geologic map, Plate I. 

Lithologic Chamcte1'.-The Millsap formation consists mostly of dark 
blue and black clays with a series of limestones and several thin, light­
colored, friable sandstones. At the outcrop of the oldest exposed strata of 
the formation at Kickapoo Falls and Rayville in Parker County, 10 miles 
south of Weatherford, are some massive, dark-colored blue limestones, 
fine-grained light sandstones, and dark blue shales. The limestones are 
lenticular, unevenly bedded and can not be traced ~ontinuously' on the 
outcrop or by drill records. 

Detailed Section.-A section of the basal portion of the outcrop meas­
ured on the Weatherford-Stephenville road near Rayville is as follows: 

Section of Millsap Station beds one-half mile northeast of Rayville 

(F in fig. 7) 
STRAWN GROUP-

Millsap Formation Thickness 
Ft. In. 

23. Sandstone, conglomeratic, contains predominance of limy frag-
ments ____________________________________________________________________________________________ 3 

22. Sandstone, white, soft, laminated__ __ __ _________ ___ ____ ______________ ________________ 3 
21. Covered _______ ____________ ___ __ ___ ______ __________ _________ __ ___ ___ _______________ _________________ 14 

20. Shale, yellow, sandy_______________ ___________________________________________________________ 2 
19. Limestone, gray, weathers yellow, hard, fossiliferous _____________ _______ - 4 
18. Shale, yellow, sandy________ __ ____ __ ___ _____ _______ _________________________________________ 2 
17. Limestone, brown, dolomitic _______ ___ ____________________________________ __ ___ _________ 2 8 
16. Sandstone, white, soft, thin-bedded_______ _______________ ____ __ __________________ 2 
15 . Shale, yellow, sandy, fragments of chert at base_ __________ _________________ 2 
14. . Limestone, brown, dolomitic, hard _______________________________ .. ________________ _ 1 6 
13; Limestone, yellow-brown, thin-bedded __________________ . _________________ ._____ 1 6 
12. Shale, yellow, sandy__________________ ____ ___ ____ ____________ ___ ____________ _________________ _ 1 
11. Limestone, brown, dolomitic, hard, massive_ __ _____________ ________________ ____ 2 6 
10. Shale, yellow, sandy______________ __________ __________________________________________________ 1 

9. Limestone, brown, dolomitic, hard, massive_ ___ _____ _________________________ __ 2 6 
8. Sandstone, white, ·massive, rather hard when fresh, weathers to 

soft, shaly below ________ ____ _____ _____ ______ ____________ __ __ _______________ ___ ____________ 22 

7. Limestone, brown, dolomitic, massive____ __ ___ _____________________________________ 1 
6. Shale and limestone, yellowish, thin-bedded_ __ _____ _______________ _____ __ ____ 5 
5. Limestone, bluish gray, hard _______________ ___ _____ _______ ____________ .. __________ ____ 1 

4. Shale, yellowish, sandy_ _______________________ ________________________ ____________________ 4 
3. Limestone, brown, dolomitic. _____ _______________ ______ ___ . ___ _______ ._________ _________ 2 

2. Shale (partly covered) _______________ ___________ ___ _________________________________________ 15 

1. Sandstone, reddish to brown, shaly________ ______ ___ __ ___ _____ __________ ____ __ ___ ____ 6 
(Thickness in lower part estimated) 

Along the southeastward-flowing stream at Rayville is the easternmost 
exposure of the peculiar dense blue limestone that is so typically and well . 
exposed at Kickapoo Falls. The blue limestone is not so thick here as at 
the falls but shows all the essential characteristics. The section is as 
follows: 
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A. Kickapoo Falls limestone of the Millsap formation at Kickapoo Falls, 13 miles 
south of Weatherford, Parker County. 

B. Limestone in the Millsap formation at Dennis on the Brazos River, 10 miles south 
of Weatherford, Parker County. 
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Section of Millsap beds along stream east of Rayville, Parker County 

STRAWN GROUP 
Millsap Formation 

Thickness 
Feet 

5. Limestone, blue to drab, dense, hard, sub crystallin e, rather mas-
sively bedded......................... ............................................................... 6 

4. Limestone, brown, hard, dolomitic. ... ....................... .................. ... .......... 3 
3. Shale, yellow, sandy.............................................................................. 2 
2. Limestone, brown............................................. ........ .. ........................ ... .. 1 
1. Sandstone, light yellow .......................................................................... . 

At Kickapoo Falls the limestone is thicker, harder, and darker blue in 
color and resembles so closely the Marble Falls limestone that when this 
exposure was first discovered it was thought it might belong to that for­
mation. The limestone at this location has been called the Kickapoo Falls 
limestone. A section including exposures a short distance down stream 
east of the falls is as follows: 

Section along stream east of Kickapoo Falls 

(G in fig. 7) 
STRAWN GROUP-

Millsap Formation 
Kickapoo Falls Limestone 

Thickness 
Feet 

3. Limestone, blue to drab, dense, very hard, sub crystalline, rather 
massiveIy bedded, some fossils...................................................... 3 

2. Limestone, light blue or bluish-gray, thinner bedded than the 
above, more evenly bedded, fossiliferous............................... ..... 7 

1. Limestone, brown, dolomitic, with thin intercalated beds of yellow 
sandy shale...................................................................................... 15 

At Powell's Ferry on the Brazos River, located southeast of Millsap, 
Cummins·11 measured the following section: 

Section of Millsap Station beds at Powell's Ferry 
(H in fig. 7) 

'. 
STRA WN GROUP-

Millsap Formation 

Thickness 
Feet 

5. Limestone, fossiliferous.......................................................................... 4 
4. Clay, blue.... ... .................. ....................................... ..... ....... ... ................. 20 
3. Limestone, yellow....... .... .................................... ..................................... 1% 
2. Sandstone ............................................... ................................................. 3 
1. Limestone, thin bedded, fossiliferous........ .................... ........................ 4 

Subsurfa.ce Aspect of Millsap Formation.-Holes that have been drilled ' 
to the Smithwick shale in the vicinity of Millsap, Mineral Wells, and the 

47Cummins, W. F., Report of the geology of nOl'thwestel'n Texas: Geol. Surv. Texas, 
2nd Ann. Rept., p. 381, 1890. 
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Brazos show the Millsap formation to have a thickness ranging from 1800 
to 3000 feet. The upper portion of the division has about the same char­
acteristics to the west beneath the surface as exhibited along the outcrop. 
The basal portion contains 400 to 500 feet of dark blue or black petrolifer­
ous shales and lentils of dark blue impure and calcareous sand in contact 
with petroliferous shales; in many places the formation contains gas or 
light oil in small quantities. In the Strawn field the oil sand lies about 
500 feet below the top of the Millsap formation, the gas at Mineral Wells 
about 900 feet down in the formation, and the light oil at Millsap 1800 
feet below its upper limit. The character of the Millsap beds beneath the 
surface is shown in the section drawn from well logs, Plate IX. West 
of the Palo Pinto County line the formation thins abruptly; at Brad in 
Palo Pinto County it is 2200 feet thick; at Caddo 1600 feet; and at Breck­
enridge 800 feet. 

Paleontology.-The paleontologic character of the Millsap formation, 
so far as determined by the work of the writers, is indicated by collections 
made chiefly from the limestone beds in the lower part of that portion 
of the formation which appears at the surface. As previously indicated 
these outcrops are located in southeastern Parker County and the horizon 
belongs in the upper part of the Millsap formation as a whole, the lower 
parts being nowhere exposed. The fossil collections were obtained from 
three limestones at different but stratigraphically distantly separated hori­
zons. 

The lowermost appears on the south side of the Brazos River at Dennis, 
southwest of Weatherford. The limestone is thick and weathers in very 
massive blocks, but it is rather thin and very irregularly bedded. It is 
specially characterized by an abundance of Fusulina. Other fossils are 
not very numerous, nor are they very well preserved. The collection from 
this exposure includes the species which are listed in the following table 
from locality 76.1. This is evidently the locality and the horizon visited 
by Cummins and reported by him'ls in his paper on the Geology of North­
western Texas. 

The second horizon is represented by exposures of thin beds of hard, 
dark colored limestone interbedded with shale and sandstone which appear 
on a small tributary of KickapooCreek a short distance east of Rayville, 
a point on the Weatherford-Stephenville road not far southwest of Den­
nis. This outcrop is a short but undetermined distance above the lime­
stone at Dennis. The limestone is very different in lithologic character 
and thickness and the absence of Fusulina is at once observed. . Fossils, 
except SquGrn.,ularia perplexa, are not common but there are numerous 
well preserved specimens of this form. The fauna collected from this 
horizon at two points (localities 76.2 and 76.3) near Rayville is shown 
in the faunal table of the Millsap formation below. 

The upper limestone of the three horizons mentioned is found at the 
falls of Kickapoo Creek where the Weatherford-Stephenville road crosses 

1sCummins; W. F., loco cit., p. 381, 1891. 
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the stream. This exposure is a large one and shows the massive, hard, 
blue limestone beds which form the falls for some distance along the creek 
in the vicinity of the falls . The fossils collected from two localities (76.4 
and 76.5) are shown in the table below. 

Fauna of the Millsap formation in southeast Parker County, Texas 

LOCALITIE S ~I~I~ 76.4 I~ 

~;~~J§S~r~~~~~~,L·.· •• ·· ••••••••••• · •••••••••••••••••••••••••••. ...• ~ .... I •••• X.· •• I ••• •• ••• ·.I·· ··~·· · · I •••• ~ •••• 
Crinoid stem ..... ....... .......... ......... ...................... .. .... ..... x 1 x ·····.·· ·-1 x x 

i~g;~f~a ;~I:;~~o~~", ? •••••••••••••••••••••••••••••••••••••••••... ; ....••••. ~ •••• I .•.. ~ •.. ·I •••••••••• 1 •••••••••• 
. Productus morrowensis ...... ... .................. .............. ..... ... ...... . .......... ....... ... x x 
Marginifera hayden sis ? ................ ...... ...................... .... ...... ........ .. .......... x x 
Marginifera muricata .. ......... ......................... ....... ... .. .......... x ·.·· .. .. ·-1-· .... ···· ....... .. . 
Dielasma bovidens ? ..... .. .. ...................................... ........................ . 1... ....... x I' .... . . . . . . 

Spirifer cameratus .. .......... ....... .. .... ... ............... ....... .... 1 x x I x x x 
Spiriferina. kentuckiensis ....... ... .................... ..... ......... / .......... / x I .... ................ 1 ... .. .... . 

Squamulana perplexa ... ,...... ............... ....... ........ ........ X ' x I x x x 

~~~:~~~: :til'?: .... ~ .. .. I X. ': I •• •• ': < .. . 
Aviculopect en sp. ..... .............. ................. ...... ...... ......... .... ... ... x ....... ..... ................. . 
Allorisma sp ...... .. ..... ................. ; .......... .................... " " x ........ .. .............. ...... .... ..... . 
Pleurotomaria sp . ..... ............................ ................ .. .... . x ........ .. .......... x 
Porcellia sp. .. ..... ........................................ ........ ......... x ... ....... ..... ... ......... ... .... ... . .. 
Murchisonia sp. . ...... .............. ..... ...... ... ........ : ..... ......... 1 x x ..... .... .... ... , ........... .. 
Schizostoma catilloides ................. ...... ....... ..... .... ....... 1.......... x ..... ......... ... ....... .... . . 

~::::::::'~to~;n" ~~'~~~~~~ : I •••• ~.· •• I ••••••• ·•• .......... : . ···I ... X 
. •. 

~g~t~f;:~I;;,J; r ~ 11 
Con·elation.-Most of the species which are found in the Millsap beds 

are long ranging Pennsylvanian types which have relatively little signifi­
cance as precise markers of a definite horizon within the Pennsylvanian. 
However, the collections are not large and it is probable that more detailed 
study ·of the Millsap formation than was possible during the course of 
the writers' work would show the presence of fossils which would permit 
independent determination of the relationships of these beds from a pal­
eontological standpoint. It is of course evident that the Millsap is older 
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than the Mineral Wells formation which appears conformably to succeed 
it and the fossils which have been found in the lower beds do not include 
many of the common types of the upper Strawn. It was thought in ad­
vance of the field study of the limestones in southwest Parker County 
that these possibly represented some portion of the Bend group, perhaps 
equivalent to the Marble Falls limestone, for in the southern area of the 
Strawn outcrop the first limestones beneath the very clastic Strawn are 
in the Bend. However, the limestones of Parker County in no way re­
semble the Marble Falls either in lithologic character or fauna and it is 
clear that the former are considerably higher in stratigraphic position. As 
shown by borings in the vicinity of Millsap, Mineral Wells, and elsewhere 
in the Brazos Valley the Bend lies at least 1500 to 2500 feet beneath these 
limestones in the Millsap formation. While some of the fossils which are 
reported in the foregoing table, as P1'oductus m01'1'owensis, are most sug­
gestive of the Marble Falls fauna, this element in the Millsap fauna is 
small. The presence of abundant F~tsulina, which while not reported defi­
nitely in the Marble Falls limestone is found in a collection made by 
Plummer from the Barnett shale, is indicative of the higher rather than 
the lower portions of the Pennsylvanian. It is noted in the Kansas Penn­
sylvanian section'tO that Fusulina is exceedingly rare in the rocks of the 
Des Moines group, that is below the horizon of the lola limestone. How­
ever, the rocks of the Millsap formation are believed to be older than any 
of the Pennsylvanian in the Kansas section. 

If the more abundantly fossiliferous Mineral Wells formation is corre­
lated with some portion of the Pennsylvanian series between the Hart­
~horne sandstone and the Wewoka formation of southern Oklahoma, as 
suggested in the discussion of that formation, it is probable that the Mill­
sap includes time equivalents of the lower part of the Oklahoma rock 
series which succeeds the Wapanucka limestone, that is the Atoka or a 
portion of it. Although the Strawn' is unconformable upon the Bend .in 
the Llano region, it is not necessarily true that there was a break in sedi­
mentation in the Brazos River Valley. As indicated by some considera­
tions, however, it is probable that there was at least a temporary with­
drawal of the sea in this region and in southern Oklahoma evidence has 
recently50 been advanced to show that there was an erosion break near the 
top of the Wapanucka horizon. . 

MINERAL WELLS FORMATION 

Definition cmd Stmtigmphic Position.-The Mineral Wells formation is 
named for the town of Mineral Wells in Palo Pinto County where its 
middle portion is typically exposed in the escarpment at the edge of town. -
It was at this locality that Cummins described a section and collected 

10Beede, J. W., and Rogers, A. F ., Coal Measures Faunal Studies, Univ, Geol. Surv. 
Kan., vol. 9, p. 334, 1908. 

50WaIlis, B F., Geology and economic value of the Wapanucka limestone of Okla­
homa, Okla. Geol. Surv., Bull. 23, 1915. 
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fossils which established beyond all doubt the Pennsylvanian age of the 
Strawn sandstones. The Mineral Wells formation includes all the strata 
from the base of Coal Seam No.1, as exposed along Rock Creek five miles 
southeast of Mineral Wells, to the base of the Palo Pinto limestone which 
outcrops at Palo Pinto. The coal can be traced southwest to Thurber and 
northeast to the Cretaceous overlap and makes a very definite line for the 
base of the formation. Thus defined the Mineral Wells formation lies con­
formably upon the Millsap beds and is overlain with ap'parent conformity 
by the basal massive limestone of the Canyon group. 

E xtent.-The Mineral Wells formation outcrops in a belt 10 to 15 miles 
wide from Salesville in Palo Pinto County to the Cretaceous area four 
miles south of Thurber in Erath County. Excellent exposures are to ,be 
seen at Mineral Wells and at almost any point along Brazos River south- . 
west of the town. . 

Lithologic Characte1".-In its type locality this formation consists of 
three thick beds of coarse sandstones separated by beds of clay, sandy 
clay, and marl, and two or three thin layers of limestones. The forma­
tion is of marine origin and the shales in many places contain an abund­
ance of fossils. The sandstones are dark reddish brown, coarse-grained, 
markedly cross-bedded in places, lenticular, and unevenly bedded. These 
coarse sandstone layers commonly grade downward into fine-textured 
calcareous sands and upward into conglomerate. The conglomerate con­
sists of light-colored, sharply angular pebbles averaging from one-quarter 
to one-half an inch in diameter. Most of the pebbles are of resistant 
material such as chert and quartz, and are well assorted but appear to have 
been rapidly deposited by streams into shallow quiet waters for they show 
little effect of wave action. The shales are a dark blue gray in color and 
are calcareous, grading locally into sandy shales or sands. In most ex­
posures the shales are fossiliferous. The limestones are very hard and 
brittle and break with a conchoidal fracture. They are persistent and can 
be traced for long distances and show considerable uniformity. As the 
three sandstone layers are very thick and resist weathering better than 
the other portions of this formation, they produce escarpments and give 
rise to rugged topography and form the scenic features of the Mineral 
Wells district. The total thickness of the Mineral Wells formation as 
measured in the central part of Palo Pinto County is 750 feet, at Strawn 
it is somewhat thinner, and where penetrated by wells in the Strawn field 
it is 650 feet thick. 

Subdivisions.:-The subdivisions, or members, of the Mineral Wells for­
mation which have been recognized ,are as follows: 

Subdivisions of the Mineral Wells formation 

8. Keechi Creek sandstone and shale 
7. Turkey Creek sandstone 
6. Salesville shale / ; 
5. Lake Pinto sandstone 
4. East Mountain shale 
3. Brazos River sandstone and conglomerate 
2. Mingus shale 
1. Thurber coal 
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Thurbe?" Coal.-The coal bed, designated by Cummins as Coal Bed No.1, 
which is mined at Thurber and Strawn, apparently marks a change from 
the more typically marine sediments of the Millsap formation to the dom­
inantly clastic, very shallow water, littoral deposits of the Mineral Wells 
formation. Since it is a stratigraphic horizon which is readily traced 
in the north Texas area, it may be employed in the same manner as sug­
gested in Cummins' early work, as the line of division between the two 
major portions of the Strawn group in the Brazos River region. 

Mingus Shale.-The Thurber coal is overlain by 250 to 300 feet -of gray, 
sandy shale which is here named the Mingus shale, from the small mining 
town south of Mineral Wells. The shale is nowhere well exposed in com­
plete section but is observed in the coal mine shafts and in well borings. 

Bmzos River Sandstone and Conglomemte.-The lowest of the thick 
sandstones, which are much the most prominent feature of the Mineral 
Wells formation, occurs about 300 feet above the base of the formation. 
It is a very prominent ledge of thick, massive sandstone and produces a 
striking escarpment. From widely distributed exposures along the Brazos 
River, but especially the high cliff at Inspiration Point, eight miles due 
south of Mineral Wells, the sandstone is designated the Brazos River 
member. Typical outcrops are observed near the town of Garner, eight 
miles east of Mineral Wells along the Mineral Wells-Fort Worth road, 
and on the big hill seven miles southeast of Mineral Wells on the road to 
Millsap (Plate XI). Its prominent escarpment may be seen for miles 
north of the Texas and Pacific Railway between Gordon and Santo. It 
forms the cap rock of imposing mesa-like hills near Gordon. 

The thickness of the Brazos River sandstone member is 25 to 50 feet. 
It is very massive, coarse-grained, and in places contains lenticular masses 
of conglomerate. A typical section of the lower portion of the Mineral 
Wells formation showing t he Brazos River member is exposed two and 
one-half miles northwest of Millsap. 

Section of the lower portion of the Mineral Wells formation on road 2* miles 

northwest of Millsap 

(L in fig . 7) 

STRAWN GROUP-
Mineral VI ells Formation 

Brazos River Sandstone Thickness 

6. Conglomerate, gray to brown, massive sandstone anCl, conglomerate 
composed of medium-sized, angular pebbles, lh to 1 inch in 

Feet 

diameter, in matrix of coarse sandstone _____________ ____ ___ . __ ___ : __ _____ __ __ 35 

Mingus Shale 
5. Shale, gray, sandy ________ __ _________ ________ ; ______ ____ __ _ . ____ ___ ___ _____ ______ ___ __________ .__ _ 10 
4. Sandstone, purplish-gray, coarse _______ . ____ __ ___ . ___________ ._ _ ____ ________ _________ _ 4 
3. Shale, gray, sandy ____ _____ _____ ______ ___ . ___ _______ ___ ______ . _____ _____ _______ ___ . . _______ ___ 50 

2. Sandstone, brownish-gray, medium-grained, grading into shale __ __ 15 
1. Shale, forming base of slope __ ___ ___________ _____ _____ __ . ___ -. . ________ _____ __ ____ ._______ 100± 

Total thickness __ ____ ____ _________ ___ ________________ ____ ____ ___ ___ . ___ . __ .... _. __ ... __ .__ 214 
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A. Massive Brazos River sandstone in the Mineral Wells formation three miles west 
of Millsap. 

B. Conglomerate lense in the Brazos River sandstone three miles west of Millsap. 
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A. Typical exposure of Lake Pinto sandstone of Mineral Wells formation on East 
Mountain at Mineral Wells. 

B. East Mountain clay bed one-half mile east of Mineral Wells. 
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Since the horizon of the Thurber coal is everywhere covered by debris 
fl'om the weathering of the overlying sandstone and shale, the boundary 
of the Mineral Wells formation was determined in the field by reference 
to the position of the Brazos River sandstone. 

East Mountain Shale.':"'-Succeeding the lower massive sandstone of the 
Mineral Wells formation just described is an interval consisting chiefly 
of dark bluish gray shale which is named from exposures in the high 
escarpment east of the town of Mineral Wells, the East Mountain shale. 
The total thickness of this shale member is about 300 feet. It contains 
near its top a lentil of fossiliferous limestone and near its base a bed of 
massive sandstone. The shale contains a prolific fauna which is very 
similar to that of the Wewoka fauna of southern Oklahoma and apparently 
quite dissimilar to that found in the Millsap beds below. Most of the 
fossil collections made in the vicinity of Mineral Wells are from this 
member. 

Lake Pinto Sandstone.-The next continuous sandstone above the Brazos 
River bed is the massive sandstone which caps the escarpments about the 
town of Mineral Wells. It is named the Lake Pinto sandstone from the 
lake one-half mile west of Mineral Wells, which lies in a valley almost 
surrounded by an outcrop of this bed. The exposures in the hills east 
and west of the town contain lenses of fine to moderately coarse conglom­
erate locally · (Plate XII). A section of the Lake Pinto bed measured on 
the escarpment east of Mineral Wells is as follows: 

Section of Lake Pinto sandstone and E .. st Mountain shale east of Mineral Wells 

STRAWN GROUP­
Mineral Wells Formation 

Lake PintQ Sandstone 
7. Sandstone and conglomerate, loosely cemented, contains angular 

pebbles 14 to 1h inch in diameter.... ...................... ... .... .... ............. .. 12 
6. Sandstone, brown, coarse-grained, cross-bedded...... .. ...................... 10 

East Mountain shale 
5. Clay, blue, calcareous, weathers yellow, dark colored at base........ 10 
4. Limestone, yellow, fossiliferous .. .......... ~.... . . ... ............. .. .. ............. .. .. 1 % 
3. Sandstone, fossiliferous, in places solidly cemented with lime 

carbonate ....... .. ................ ...... ............. ........ .................................... 3 
2. Shale, dark, sandy.. ........................................ ...... ...... .. ............. ...... ... 20 
1. Clay, dark blue, fossiliferous ................. ............... ,........ ................ ... 80 

Total thickness measured.. .......... .... ..... ...... ............ .... ......... ... . 136 % 

Salesville Shale.-A shale member, named from the small town of Sales­
ville, north of Mineral Wells, overlies the Lake Pinto sandstone. It is 
about 150 feet thick and consists of sandy clays with a few lentils of sand­
stone and near the base a thin layer of limestone. It is well exposed in a 
number of the smaller streams north and west of Mineral Wells: 

Turkey C1'eek Sandstone.-The thick, very massive sandstone which 
forms the first prominent escarpment east of the outcrop of the Palo Pinto 
limestone has been named the Turkey Creek sandstone, from the creek 
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of that name northwest of Mineral Wells. It is 10 to 15 feet in thickness 
and forms a prominent topographic feature. The following section, meas­
ured on Turkey Creek at the type locality, shows in detail the character 
of this member and of the associated beds above.and below. 

Section of upper part of Mineral Wells formation from a point on Turkey Creek road 

2~4 miles northwest of Mineral Wells, northwest to the Palo Pinto limestone 

Measured by J. G. Burtt. (J in fig. 7) 

STRAWN GROUP-Palo Pinto Limestone 
Mineral Wells Formation 

Keechi Creek Sandstone and Shale 
12. Shale, gray, sandy ............... .................... ............................ ............ . 
11. Sandstone, brownish r ed , coarse-grained, lenticular, in places 

cross-bedded, contains lenses of conglomerate ............. ............ . 
Turkey Creek Sandstone 

10. Conglomerate, dark reddish brown, massive, consists of small 
angular pebbles of quartz and quartzite in a matrix of coarse 
sand ........ .. ................................................... .................. ...... ........ . 

Salesville Shale 
9. Shale, gray, calcareous ...................... .................. .......... ............. ...... . 
8. Sandstone, reddish brown, coarse ................................................. . 
7. Shale, gray, soft, sandy ... .............. ..... ...... ......... ........ .. .................... . 
6. Sandstone, brown, coarse-grained ................................................. .. . 
5. Shale, gray, sandy ................ ....................................... .... ... ... _ ......... . 
4. Sandstone, purplish gray, lower part buff, ripple-marked ............ . . 
3 . Shale, gray, soft, partly covered ....................................................... . 
2. Limestone, light gray, weathers to buff, hard, fossiliferous ..... ... . . 
1. Shale, calcareous ............... ........................... .......... .. ............ ......... : .. 

Lake Pinto Sandstone 

Thickness 
Feet 

15- 40 

75-100 

10 

18 
8 

22 
6 

13 
5 

54 
4 

20 

Total thickness............. .. .... .............................. ........................... 275 

Keechi Creek Sandstone and Shale.-In the escarpment below the mas­
sive Palo Pinto limestone is a series of light gray, cross-bedded, calcareous 
sandstones and light gray sandy shales which are here called the Keechi 
Creek beds. They are typically exposed along Keechi Creek west of Min­
eraI Wells and the Brazos River below the bridge on the Palo Pinto-Graford 
road. They may be seen at almost any point along the escarpment of the 
Palo Pinto limestone where not covered by talus. As indicated in the 
preceding section they have a total thickness of about 100 to 150 feet. 

Regional Variations.-Taken as a whole the Mineral Wells formation 
presents about the same aspects all along its outcrop, but individual layers 
are quite variable. The section as measured near Strawn is shown in 
columnar section 5, Plate II. The upper sandstones of the Turkey Creek 
beds have thinned and more shales and marly clays are seen in the section 
than in the vicinity of Mineral Wells. The Lake Pinto and Brazos River 
sandstones, though present, are thinner and contain less conglomerate; 
the thickness of the section is also less. To the northeast in the vicinity 
of Bridgeport the Mineral Wells beds are poorly exposed because of the 
overlap of the Cretaceous formations and have not been studied by the 
writers. 
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MINERAL WELLS FOSSILS 

Fossils from the East Mountain shale, Mineral Wells formation, one-half mile east 
of Mineral Wells, Locality 68.1, Collectors Frederick B. Plummer, Raymond C. Moore.· 

Figure 1. Hyd?"<3ionoC1'inus sp., a spine-bearing- crinoid plate. 
Figures 2, 5. Hyd?'eionoc?'inus ?nuerospinus, spine-bearing crinoid plates. 
Figure 3. Uloc?'inus oceidentalis, an unusually large crinoid plate. 
Figure 4. Hud?'eionoerinus sp., circlet of basal plates of the calyx showing impression 

of the top segment of the stem. 
Figures 6, 7. Deloc?'inus hemisphe't'icus ?, side and top view of two radial plates. 
Figures 8, 9. Chonetes mesolobus euampyyus, a small concavo-convex brachiopod with 

a sharply defined double furrow extending downward from the beak. Figure 8 
shows the concave brachial 01' dorsal valve and cardinal area; Figure 9 is a view 
of the pedicle or ventral valve. 

Figures 10, 11, 11a. Chonetes ve?"?l-euilianus, another small concavo-convex brachiopod 
which has a single deeply marked furrow extending from the beak. Figure 10 
shows the brachial or dorsal valve; Figure 11 is a view of the pedicle 01' ventral 
valve of another specimen, of which Figure 11a is an enlargement. 

Figure 12, 13. Spirife?'ina kentuckiensis, a small, coarsely plica ted brachiopod shell 
with very fine concentric cross markings. Figure 12 shows a brachial valve, 
Figure 13 a pedicle valve. 

Figure 14. Lophophyllum profundU?n, on€ of the commonest Pennsylvanian fossil 
corals, side view showing broken septa and projecting central axis or columella. 

Figures 15, 16, 17. A mboeoelia planoconvexct, a small brachiopod with prominent beak 
which is extremely abundant in the East Mountain shale; brachial, side and 
pedicle views, respectively. 

Figure 18. Pu~tula nebraskensis, a small, rather non-typical shell which is referred 
to this species. 

Figures 19, 20. Chonetes gmnu.lifer, small shells suggestive of C. flemingi rather 
than the large typical C. granulife?' which occurs at higher horizons. Interior and 
exterior, respectively, of a pedicle valve. 

Figures 21, 30. Squamula?-ia. pM'plexa, brachial view of a typical specimen, and 
pedicle valve of an imperfect specimen. 

Figure 22. Ma?'yinife?'a splendens, a small, nearly smooth productid,. pedicle valve. 
Figure 23. Linmda sp., 
Figure 24. P?'oductus inflatus eolo?'adoensis, pedicle valve. 
Figures 25, 28, 29. P?'oduetus pertenuis, pedicle valves. 
Figures 26, 27. Cliothyridinct o?'bicularis, pedicle and brachial views, respectively, of 

a typical specimen showing broken edges of spinose concentric lamellae. 
Figure 31. Spirifer came?'atus, with a large, typical shell of Roeme?'ella lJatula at­

tached. 
Figures 32, 33, 44. Yoldia glab?'a, cardinal view and left valve, also left valve of 

another specimen showing fine concentric striations. 
Figure 34. L eda bellist?'iata, a small but characteristic specimen. 
Figures 35, 43. Nueula anodontoides ?, left and right valves, respectively. 
Figures 36,37. Anthraeoneilo ta/liana, cardinal view and left valve of two specimens. 
Figures 38, 38a, 40. Asta?'tella coneentTica, right and left valves of two very small 

shells which belong apparently to this species. 
Figure 39. PolYPo?'a sp. 
Figures 41, 42. Nueulopsis vent?'icosa, left 'valve and cardinal view of two 1;mall 

but typical specimens, 
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MINERAL WELLS FOSSILS 

Fossils from the East Mountain shale, Mineral Wells formation, one-half mile east 
of Mineral Wells, Locality 68.1, Collectors Frederick B. Plummer, Raymond C. Moore. 

Figure 1. Pharkidonotus percarinatus, a rather small, non-typical shell. 
Figures 2, 2a. Zygopleura rugosa, a small, ornamented, high-spired gastropod. 
Figures 3, 3a. Meekospir'a peracuta choctawensis. 
Figures 4, 4a, 6, 6a. M~£r'chisonia sp., two specimens. 
Figures 5, 5a. Bulimor'pha inornata ?, a partly crushed example. 
Figures 7, 7a. Loxonema· ? sp. 
Figures 8, 9. Schizosto1na catilloides, upper sides of two small but characteristic 

specimens of this species as seen at this horizon. 
Figures 10, lOa. Zygopleura rrmlticostata, a finely ornamented, high-spired shell. 
Figures 11, 12. Plagioglypta meekiana, side view of two specimens referred to this 

species. 
Figures 13, 14. Leda bellistriatrJ!, left valve and cardinal view of two robust, char­

acteristic examples of this species. 
Figures 15, 16. Sphaer'odoma primigenia, two small shells which are referred to this 

species. 
Figure 17. PseudoTthocer'as lcnoxense. 
Figllres 18, 19, 19a. PhaneTotr'ema gr'ayvillense, top and side views of two specimens. 
Figure 20. Griffithides sp. 
Figure 21. TTepospir'a depress a, top view of a small specimen. 
Figures 22, 22a. Platyceras parvum, side view of characteristic specimen. 
Figure 23. Euphemus carbonM·ius. 
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Paleontology.-Some portions of the Mineral Wells formation contain 
numerous well preserved fossils, and the fauna as a whole is a large and 
varied one. The most prolific fossil horizon which has been observed 
is a portion of the East Mountain shale member not far beneath the prom­
inent Lake Pinto sandstone which forms the escarpment about the town 
of Mineral Wells. The fossiliferous portion of the shale is about 25 feet 
thick and occurs approximately 60 feet below the sandstone. Exposures 
in the vicinity of Mineral Wells are good and wherever the shale horizon 
outcrops, some of the fossils may be found. The localities from which the 
collections of the writerschiefty were obtained is shown in Figure 9. 
J'he largest collections were obtained at Locality 68.1, a shale pit on the 
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Figure 9. Map showing fossil localities in the vicinity of Mineral Wells 

north side of the Mineral Wells-Fort Worth road at the east edge of town. 
The fossils here are very well preserved and maybe collected very easily 
where they have weatherd out of the shale. At some other points, as 
west of Mineral Wells, the shells are found to be covered with a coating 
of lime carbonate which conceals all the surface markings and smaller 
structural features. 

The fauna of the shale is shown in the following list with which is given 
for comparison mention of identical or closely related species from the 
Wewoka formation of southern Oklahoma. The Wewoka fauna, as de­
scribed and figured by Girty5 1 shows many striking resemblances to the 
Mineral Wells fauna. 

5tGirty, G. H., Fauna of the Wewoka f ormation of Oklahoma, U. S. Geol. Surv., 
~1111. 544, 1915. 
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Fauna of the East Mountain shale member, Mineral Wells formation, near Mineral 
Wells, Texas, with related species from the Wewoka formation of Oklahoma 

Mineral Wells formation 

Coelenterata 
Lophophyllum In'ofundum 
LO]Jhophyllu?n profundmn 1'adicosu?n 
Michelinia sp, 

Echinodermata 
Delocrinus hemisphe1'icus ? 
Hydreionocrinus ?nucrospinus 
Hyd1'eionoc1'inus sp, 
Ulocrinus occidentalis 

Bryozoa 
Fist~dipom sp, 
Rhombo]J01'a le]Jidodendroidec~ ? 
PolYPo1'a sp, 

Brachiopoda 
Lingula sp, 
Roemerella patulc~ 
Roemerella ? sp, 
Derbya C1'assa 
Chonetes granulifej' 
Chonetes m esolobus decipiens 
Chonetes mesolobus euampygus 
Chonetes ve1'neuilianus 
P1'ocluctwi colo1'adoensis 
P1'oductus C01'a 
pj'ocluctus pe1'tenuis 
Pustula nebraskensis 
Ma1'ginifera splendens 

Ma1'ginifem las allen sis 
Spiri/erina kentuckiensis 
Spirije?' ca?neratus 
Squamulaj'ia perplexa 
A mbocoelia planoconvexa 
CO?nposita subtilitc~ 

CliothY1'idina 01'bicula1'is 
Hustedia l1wrmoni 

Pelecypoda 
Nucula anodontoides ? 
A nthmconeilo taffiana 
Nuculopsis vent1'icosa 
Leda bellistriata 
Ledc~ bellisf1'iata attenuata 
Yoldia glabra 
Schizodus a/finis ? 
Schizodus n, sp, 
Myalinn j'ecm'vij'ost1'is ? 
Myalinn s1uallovi 
Myalina sp, 
Asta1'telln concent1'ica 

Wewoka formation 

Lophophyllu?n p1'ofundu?n 
Lophophyllu?n p1'ofundu?n mdicosum 
Michelinia eugeneae 

Deloc7'inus he?nisphe1'icllS 
Hydreionoc1'inus patulus 

FistulipQ1'a ca1'bona1'ia 
Rhombopo1'CL lepidodend1'oidea ? 

Lingula ca1'bona1'ia ? 
Roemerella patula 

Derbya C1'assa 
Chonetes g1'anulife1' 
Chonetes mesolobus decipiens 
Chonetes mesolobus eua?npygus 

Productus col01'adoensis 
Productus C01'C~ 

P,'oductus pertenuis 
Pustula nebraskensis 
Marginife?'a splendens 
Marginifera lasallensis 
Spi1'ijerina lcent~lckiensis 
Spi1'ifer came1'atus 
Squa?n1lla1'ia ]Je'/'plexa 
Ambocoelia planoconvexa 
CO?nposita subtilita 
Cliothyridina o1'bimila1'is 
Hustecl·ia monnoni 

Nucula anodontoides ? 
A nthmconeilo tafficma 
Nuculopsis v entj"icosa 
Leda bellist1'iata 
Leda bellis t1"iata attenuata 
Yoldia glabm 
Schizodus affinis ? 
Schizodus alpinus 

Asta1'tella concentrica 
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Gastropoda 
Plagioglypta meekiana 
Phanerotrema g1'ayvillense 
Trepospi1'a dep1'essa 
Bellerophon C1'assus w ewolcanus 
Pharkidonotus perca1'inatus 
Btwan01Jsis meelciana 
Patellostium 1nontjo?,tianum 
Euphemus carbona1'ius 
Schizostoma catilloides 

ZygopZeum multicostata 
Zygopleura plebia ? 
Zygopleu?'a n, sp, 
Hemizyga n, sp, 
Sphaerodoma brevis 
Sphae1'odoma g1'(wilis 
Sphae1'odoma paludinij O1'mis 
Sphae1'od01rw p?'imigenia 
Meekospira pe1'acuta choctawensis 
Goniospim lasallensis 
Muchisonia sp, 
Loxonema ? sp, 
Buli1n01'pha inornata ? 
Conula?'ia crustula 
01,thoce1'as sp, 
Pseudorthoce1'as knoxense 
Protocycloce?'as ? rushense ? 
Dim01'phoce1'as texanum 
Gonioloboceras welle1'i 
Metacoceras pe1'elegans 
Metacoce1'as sp, 
G?'iffithides scitulus ? 
Griffithides sp, 

Plagioglypta meeldana 
Phanerotrema grayvillense 
TTepospiTC~ dep1'essa 
Bellerophon crasstts wewokanus 
PhaTkidonot1tS perwTinatus 
Bucanopsis 111,eelciana 
Patellostium 1I/.ontjortianU1n 
Euphemus carbona?'ius 
Schizostoma catilloides 
Zygopleu1'a rugosa 
ZlIgopleura 1nulticostata ? 
Zygople1"U(t lJlebeia ? 

Sphae?'odoma bTevis 
Sphae1'odo11la gnwilis 
Sphae?"odoma paluclinijo1"lnis 
Sphae1'odoma lJ1'imigenia 
MeelcospiTa pe1'acl(.ta choctawensis 

Bulimorpha inornata ? 
Conularia crustula 
O?,thocems sp, 
Pseudorthoceras knoxense 
P?'otocycloceras ? rushense ?, 
Dim01'lJhoce?'as lenticula?' 
Gonioloboceras weller'i g?'acile 
Metacoce1"as pe?'elegcms 
M etctcoceras C01'n1ttum 
Griffithicles parvulus 

A sandy limestone or limy sandstone which occurs just above the fos­
siliferous horizon in the East Mountain shale is locally very fossiliferous, 
Its most striking fossils are numerous well preserved, large gastropods 
which probably belong to the species PleU1'otomaria b1'oadheadi, a form 
described from the Pennsylvanian of Missouri. This shell has not been 
observed in other formations of the Texas Pennsylvanian, The sandstone 
is distinguished also from the subjacent shale by an abundance of crin­
oidal remains which includes a great variety of plates, spines and stems 
belonging to a number of undetermined species, The ubiquitous brach­
iopod Composita subtilita is also very common. 

From a locality about one mile northeast of Mineral Wells on the south 
side of the sandstone escarpment which extends eastward from the town, 
an interesting collection of very robust corals belonging to the genus 
Campophyllum was made. Numerous very well preserved specimens were 
obtained, and it seems clear that they belong to a species distinct from 
the very common and widespread C. torq~li·um. The horizon from which 
these corals were collected is slightly higher than the two fossiliferous 
zones which have been described. 
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The only fossils obtained from beds of Mineral Wells age in the Strawn 
of the Colorado River Valley which have come under the observation of 
the writers in the course of the recent field work is a collection made by 
Angus McLeod in the vicinity of Mercury, McCulloch County, from a 
shale about 200 feet below the Adams Branch limestone. This contains 
the following species: 

Fauna from shale in upper Strawn, about 200 feet below Adams Branch limestone, 

McCulloch County 

Somphospongia sp. abundant 
P?·odu,ctus colO?·adoensis Girty 
Pustula neb?·askensis (Owen) 
Pustuln lJUnctata (Martin) 
Rhi1)idomella pecosi (Marcou) 
Composit(£ subtilita (Hall) 
A llol'ismn subcuneatum ? 
Mynlina, swallovi 
N uculopsis ? sp. 
Bucanopsis meekiana (Swallow) 
Naticopsis sp. 

The fauna as represented in this collection is not as large as that ob-, 
tained in the East Mountain shale of the Mineral Wells formation in the 
Brazos River Valley and it does not have so obviously the typical char­
acter of the Wewoka fauna. However, most of the species occur in this 
fauna and it is possible that careful study of fossil bearing horizons in the 
Colorado River region would show a larger number of the species observed 
in the north. 

Drake reports fossils from only one division in his Colorado River sec­
tion of the Strawn group, the Elliott Creek bed, which lies several hundred 
feet below the top of the group. The fauna recorded by him, with identifi­
cations revised so far as possible, is shown in, the faunal table for the Colo­
rado River region after Drake (Plate XXVII). 

Correlation.-Of the 55 species which have been identified with some 
certainty in the collections from the Mineral Wells formation in the vi- ' 
cinity of Mineral Wells, it may be observed that all but three or four are 
represented by species identical or closely related in the fauna of the 
Wewoka formation of Oklahoma. Including new species and forms which 
are id~mtified with question the similarity is even more striking, for, with 
the ·exception of a very few forms such as Chonetes ve1·neuilianus, Goniolo­
boce'ras welleri and Dimorphocems texanum, there is hardly a shell known 
in the Mineral Wells formation which does not have a closely related or 
identical equivalent in the Wewoka. However, it may be noted that not 

. all the Oklahoma species are observed in the Mineral Wells formation in 
Texas. It has appeared from the paleontological study of the Texas Car­
boniferous beds that some of the species described in the , Wewoka and 
common to the Mineral Wells do not occur at a higher horizon. Examples 
are Chonetes mesolobus, which is very widely distributed in the early 
Pennsylvanian rocks of the Mid-Continent and West, and species of 
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Zygopleum. On the other hand a number of the common fossils of the 
Wewoka which appear at horizons in Texas considerably higher than 
the Mineral Wells formation, are not found in the latter. From this it 
would appear that perhaps some of the species of the Wewoka and higher 
Texas horizcns may be found by more careful search in the Mineral Wells 
beds, or as seems probable, that there is present in the upper Strawn a 
fauna which, while containing a large proportion of typical Wewoka spe­
cies, yet represents only one phase of this rather distinctive assemblage 
of invertebrates which lived in the Texas seas from mid-Strawn to early 
Cisco time and which was widespread in southern Oklahoma in Wewoka 
time. . 

The absence from the Mineral Wells fauna of some of the Wewoka 
fossils which appear higher in the Texas section suggests rather strongly 
that the Mineral Wells formation is somewhat older than the Wewoka. 
The absence from the fauna of some of the common early Pennsylvanian 
types which appeared abundantly in the Bend and Millsap divisions, such 
as Spi1'ijeT rock?Jmontanus, Pl'oductus m01"rowensis and Chonetes choteau­
ensis, suggests also that the Mineral Wells formation contains a distinctly 
younger fauna than the earliest Pennsylvanian. It appears that the in­
vertebrate assemblage which from its typical development, excellent pres­
ervation and detailed description in the Wewoka area may well be desig­
nated as the Wewoka fauna, was introduced first into the waters of 
north-centi'al Texas in middle Strawn time, advnncing eastward and 
northward from the southwest. The aspect- of<.the fauna which is seen 
in the Mineral Wells formation shows a typical near shore development of 
the fauna during the early part of its occupancy of the Texas region. 
The fauna spread northward into the shallow waters which at that 
time covered the Arbuckle and adjoining l'egion in southern Oklahoma, 
and is found in the ~cAlester shale/'" Savanna sandstone and in very 
typical development in the Wewoka formation. In north-central Texas 
the waters became clear and open in Canyon time and the fauna here be­
came somewhat modified, ma::nly by the disappearance temporarily of the 
abundant molluscan elements which characterize the fossils of both the 
Mineral Wells and the Wewoka formations. With the recurrence of shal­
low water muddy and sandy conditions in the Graham formation, there is 
a widespread development of the typical Wewoka fauna in the Texas area. 
It is conceived therefore that this fauna was introduced into Texas some­
what earlier than the ' time of deposition of the Wewoka format jon in 
Oklahoma. The Wewoka formation may be correlated approximately 
with the Canyon group. 

So far as comparison may be made with the distant section in the upper 
Mississippi Valley the Mineral Wells formation may be regarded as ap­
proximately equivalent to the clastic beds at the very base of the Penn­
sylvanian in northeastern Oklahoma and southeastern Kansas. The We-

n2Girty, Geo. II., Preliminary report on Paleozoic Invertebrate Fossils from the 
region of the McAlester Coal Field, 1. T., 19th Ann. Rcpt., U. S. Geol. Surv., Pt. 3, 
p. 539ff., 1898. 
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woka has tentatively been correlated with the Fort Scott limestone in the 
Kansas section,53 which is the lowermost member of the Marmaton for­
mation and directly overlies the Cherokee shale. Recent studies by Ohern 54 

and others in Oklahoma in which the Fort Scott horizon has been traced 
southward from the Kansas line indicate that the Fort Scott is equivalent 
in position to the Calvin sandstone which is about 100 feet below the 
Wewoka. The Wewoka formation agrees in stratigraphic and general 
faunal character with the Marmaton formation of Kansas and may, it 
appears to the writers, be correlated approximately with this unit. It is 
of course not possible to affirm that the limits of the Marmaton are pre­
cisely equivalent to any of the stratigraI?hic units which have been differ­
entiated in southern Oklahoma. 

UNDIFFERENTIATED LOWER PENNSYLVANIAN 

Lower Pennsylvanian strata exposed in the valley of the West Fork 
of the Trinity River southeast of Bridgeport, Wise County, have been 
described recently by Emil Bose.55 The section reported here is shown 
graphically in Figure 7, and the following detailed description shows the 
character of the beds: 

Section of Lower Pennsylvanian near Martins Lake south of West F:ork of 

Trinity River, Wise County 

19. 
18. 
17. 

16. 
15. 

14. 
13. 
12. 
11. 
10. 

9. 

8. 
7. 
6. 

(I in fig. 7) 

Bridgeport coal (coal No. 1) ....................................................................... . 
Clay, gray, plastic, interstratified with sand in lower part ... ... .......... ......... . 
Sand, yellowish brown, dark brown, and reddish, intercalated with clay 

in upper part ... ........... .................. ............................... ..... ~ ...... ......... ....... .. . 
Limestone, yellow and gray .. ... ............ .... .......... ...................... .................... . 
Sandstone, brown and reddish, coarse-grained, grading upward into 

thin-bedded bI'own sandstone and gray shale ................... ................... .. 
Limestone, yellow, Inarly .................................... ... , .............. "' ........ .......... .. 
Li1nestone, gray, marly ............................................................................... . 
Sandstone, brown ............................ ........... ........................................ .......... . 
Limestone, gray, rough .... ................ ..... .............. ........... ........ ....................... . 
Sandstone, light, soft ................... ...................... .. ...... .... : ............................. . 
Shale, gray, marly, contains layers of rusty and reddish-brown con-

cretions, very fossiliferous .......................... · ...... ........ ............................... . 
Limeston e, gray, and yellowish brown ...................................... ................ . . 
Sandstone, thin, brown, non-fossiliferous, contains gray marly shale ....... . 
Limestone, yellowish-gray, contains large crinoids ... ..................... ......... . 

Thickness 
Feet 

11!z 
20 

100 
1 

80 
15 

2 
11 

1 
15 

65 
6 

10 
4 

53Girty, Geo. H., Fauna of the Wewoka formation, Oklahoma, U. S. Geo!. Surv., 
Bull. ' 544, p. 14, 1915. 

5'!Ohern, D. W., Contributions to the stratigraphy of northeastern Oklahoma, Bull. 
Okla. Univ., 4, 1910. 

5nBose, Emil, Geological conditions near Bridgeport and Chico, Wise County: Bur. 
Econ, Geo!. Univ. Texas, Bull. 1758, p. 8, 1917. 
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5. Limestone, gray, marly, non-fossiliferous.. ..... .................. ...... ....... ...... ........ 15 
4. Limestone, yellowish brown, fossiliferous.............. .................... .... ..... ..... .. 3 
3. Marls, gray, intercalated with yellowish-brown sandstones.............. .. .. .... 20 
2. Sandstone, brown, calcar eous, contains sandy limestone................... ......... 2 
1. Sandstone, light colored, thinly laminated ...... ... .... ........ .... ..... ........ ........... . 

Total thickness measured .. .... .. ..... .... "............... .. ..... ................... .... .. . 371 % 

It is an unsettled question as to whether the coal seam at Bridgeport 
is the same as the coal seam at Thurher, as was thought by Cummins, or 
whether it belongs higher in the section and is to be correlated with beds 
in the Canyon group. Unfortunately the Bridgeport area has not been 
mapped as yet, but judging from the strike of the limestones in eastern 
Jack County, unless there is a pronounced uplift in Wise County, the 
Bridgeport coal should belong to the Canyon group. A study of the fossils 
collected in Wise County by Dr. Bose shows that the fauna in the shales 
above the coal is similar to collections from the Graford formation and 
also appears to indicate that the strata are younger than those of the 
Mineral Wells formation. 

CANYON GROUP 

GENERAL DISCUSSION 

The Canyon group of beds represents an epoch following the deposition 
of sandstones, conglomerates, and coal beds of the Strawn group during 
which time the bordering land to the eas·t had been worn down and fur­
nished mainly fine calcareous sediments, so that the conditions were · fa­
vorable for the formation of a series of thick limestones and fine calca­
reous clays, with only a few lenses of sandstone. 

D e/inition.-The name Canyon was given to this group of strata by 
Cummins56 for the town of Canyon on the Texas and Pacific Railway four 
miles west of Strawn. It is an appropriate name as the division forms 
the most rugged and picturesque topography in north Texas. Along the 
outcrop are high, steep escarpments and cedar-covered slopes into which 
streams have cut many deep canyons. The Canyon group has been made 
to include the same strata originally assigned to it by Cummins in his 
section made from the Brazos River near Millsap to Fort Belknap in 
Young County. In this section he included all the strata from the base of 
the massive limestone outcropping on East Fork of Keechi Creek northeast 
of Salesville. now named the Palo Pinto limestone, to the top of the mas­
sive limestone outcropping near Finis on the Jack-Young county line, 
which has been found to be equivalent to the Home Creek limestone of 
Drake and now called the Home Creek limestone in this northern area. 

56Cummins, W. F., Report on the Geology of Northwestern Texas, Geol. Surv. Texas, 
2nd Ann. Rept., p. 374, 1890. 
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The original sketch map showing the divisions as made by Cummins is re­
produced in Figure 11. The Home Creek limestone has been mapped con­
tinuously, except where covered by Cretaceous sands, across the Brazos 
River Valley and Colorado River Valley, making a definite upper limit 
for the Canyon group as defined by Cummins. The Palo Pinto lime­
stone at the base is continuous across the Brazos River area but thins out 
and changes to sandy shales 10 miles south of Strawn and does not appear 
in the southern area. Therefore, the base of the Canyon group in the 

I 

h 

Figure 11. Map showing divisions of the Pennsylvanian according to Cummins 

Colorado River Valley is placed at the top of the Ricker bed, the upper­
most bed in the Strawn group in this region. In places a "coral" lime­
stone bed and in other places a coarse conglomerate, occupy a position in 
the section similar to that of the Palo Pinto limestone at the base of the 
Canyon group. These irregular beds show that there were shallow water 
and near shore conditions in this area of the Colorado River Valley at the 
beginning of the Canyon epoch. Thh; was possibly due to a slight uplift 
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of the Llano area at the end of the Strawn epoch which prevented the 
deposition of the Palo Pinto limestone in this area. 

Stratigraphic Relations.-The Canyon limestones and shales lie con­
formably upon the Strawn beds in most places. South of Brownwood in 
the vicinity of the Llano Mountains the Strawn strata dip northwest at 
slightly steeper angles than those of the Canyon group, and these two 
series of beds are here separated by a deposit of gravel and limestone 
conglomerate that suggests a local unconformity in the mountain district. 
Also there ai'e fragmentary evidences of crustal movements in the Strawn 
not observable in the upper groups; for example, anticlines mapped near 
Locker and Regency in the Colorado River Valley and south of Strawn 
in the Brazos River Valley, all located within the Strawn outcrop, are 
much more steeply folded and faulted than the gently plunging folds 
mapped on the Canyon outcrops a few miles farther west. On the whole 
the change between the Strawn and the Canyon seems to have been gradual 
rather than abrupt, and only in the area immediately adjacent to the 
mountains and in a few neighboring places were the movements suffi­
ciently great to cause a slight discordance between the two groups of 
strata. 

Areal Dist1'ibut-ion.-The outcrop of the Canyon group occupies a belt 
of territory 30 miles wide in the northern counties but only 10 miles wide . 
or less in the area south of Brownwood. This belt extends northeast­
southwest from central Wise County across the center of Palo Pinto and 
Eastland counties to the border of the Cretaceous overlap; and reappear­
ing at Brownwood it extends southward across the central part of Brown 
County and east side of McCulloch County to the Llano Mountains. The 
extent of the outcroI.> in the Brazos and Colorado valleys is shown on the 
map, Figure 12. It is also interesting to note that a small inlier of this 
formation has been discovered in the central part of Menard County on 
the Mason-Menard road 10 miles east of Menard. 

Divisions.-The Canyon group consists of four division beds of mas­
sive, hard, thick, blue limestone 10 to 100 feet thick separated by layers 
of gray and blue marls 250 to 300 feet thick which contain thin limestone 
layers and in places lentils of sandstone and conglomerate. Below the 
thick limestone layers are more or less continuous beds of sandstone. 
The group is characterized chiefly by the greater thickness and predom­
inance of its limestone strata. The following formations are recognized 
in the Canyon- group: 

4. Caddo Creek formation 
3. Brad fOl'mation 
2. Graford formation 
1. Palo Pinto limestone 
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9 If' "i.e ~o Miles 

Figure 12. Map showing the area of outcrop of the Canyon group 
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PALO PINTO LIMESTONE 

Name (~nd Stmtigr-aphic Position.-At the base of the Canyon group in 
the Brazos River Valley and lying with apparent conformity upon the 
shales and l'andstones of the Strawn is a bed of massive limestone which 
varies in thickness from 50 to 100 feet. This is named the Palo Pinto 
limestone from the town of Palo Pinto located on its outcrop. It may be 
recognized easily elsewhere in well logs and in the field because it is the 
lowermost thick limestone in the section above the Strawn sands. 

&etent.-The outcrop of the Palo Pinto limestorie extends from the town 
of Whit in Parker County to the Strawn oil field in Palo Pinto County, 
and thence across Allen Ranch to the Cretaceous sand area. 

In most places this limestone bed forms steep cliffs and has good ex­
posures almost anywhere along its outcrop. It has been studied along 
Keechi Creek two miles southwest of Graford, along the Brazos River 
at the Graford-Palo P into bridge six miles northeast of Palo Pinto, on 
the Mineral Wells-Palo Pinto road 10 miles west of Palo Pinto, and along 
the Strawn-Ranger road three miles west of Strawn. 

Lithologic Chamcter.-The Palo Pinto limestone is a thick, crystalline, 
dark-gray limestone weathering white or grayish yellow. In many places 
the lower portion is made up of many thin beds from two to six' inches 
thick, separated by partings of gray marl so that in weathering the rock 
shelves off into great piles of slabs, chips, and chunks. The upper layers 
are thicker, dark gray, fine-grained, even-textured, more fossiliferous, 
and purer than the lower beds. Upon weathering these beds break into 
large blocks and irregular chunks. 

Detailed Sections.-The following section measured on Keechi Creek 
two miles southegst of Graford (A in Figure 12) shows the characteristics 
Of the northern outcrop of this limestone. (See also Plates XV and XVI.) 

Section of Palo Pinto Limestone on Keechi Creek, 2 miles east of Graford, 

Palo Pinto County 

CANYON GROUP­
Graford Formation 

(A in fig. 12) 

Thickness 
F eet 

Limestone, blue-gray, hard, fossiliferous....... ....... ........................................ 4 
Shale, yellow, soft, calcareous..... .. ... ...... .... .................. ... ............. ...... .......... 20 

Palo Pinto Limestone 
Limestone, gray, massive, irregularly bedded... ............. .... .............. ..... .... ... 25 
Shale, light gray-blue, calcareous........... .. .... .. .................. ..................... .... .... 20 
Limestone, massive, fin e-textured. ........ .... .............. ..... ............................. ... 8 
Shale, blue-gray.. .. ........... ............ ..................... .......... ............. ................ ....... 25 
Limestone, blue, base of exposure.. .............. ....... ............................ .......... ... 4 

Tota l. .......................... ................ .......... .......... ........ ......... ............. .... ... 82 

The sections measured at Wolf Mountain and at Strawn are typical for 
the strata across Palo Pinto County. 
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S.ectioll of Palo Pinto limestone at north end of Wolf Mountain 

Measured by John Burtt. (B, fig. 12) 

Palo Pinto Limestone 

5. 
4. 
3. 
2. 
1. 

Limestone, gray, coarse, crystalline __ __ ........ __ .. _ ....... _ ... ____ .... _ ........ ... ____ .. . 
Marl, light gray ....... __ .. __ ........ ____ .... ____ _ .... _ .... ... .. ... __ ... _ ........ __ .... _ .. _ ...... ... . . 
Limestone, dark gray, iron stained, weathers into irregular blocks .. .. 
Shale, limy, covered in part.. ........... .............. .. __ .. .... _ ... ............ _ .......... .. 
Limestone, massive, pool"ly bedded ............ .. : .. __ .. ........ .. .... .. _ .. _ .... ....... .. 

Thickness 
F eet 

4 
6 
7 

21 
20 

Total thickness_ .. ... .... .... _____ ..... .. .. .... .... ... .... _. _ ....... __ ............. ..... _.. 58 

Section of Palo Pinto limestone in Strawn oil field 

Measured by H. H. Robinson.75 (C in fig. 12) 

Palo Pinto Limestone Thickness 

2. Limestone, very arenaceous. This member forms the top of the 
main ridge of the field . Light gray weathering darker, fin e 
grained, fairly well cemented, weather ed surface smooth a7Jd hard. 
This member contains a resistant ledge just above the fossil ho­
rizon that is used as the key rock for the structure map (PI. 3, 

Feet 

U. S. Geol. Survey Bull. 629) ................................... .......... _......... ... .. 10 
1. Limestone, light gray, beds rather thin averaging one or two inchts; 

highly fossiliferous, abundance of crinoid stems, P?'oductt~s (?), 
and bryozoa; breaks with irregular fracture .... .. ............... _ .... _......... 12 

The section measured by S. W. Wells on the Allen Ranch shows the 
Palo Pinto near the southern end of its outcrop, and the beds associated 
with it above and below. 

Section of strata at Allen Ranch, 10 miles south of Strawn in northeastern part of 

Eastland County 

Measured by S. W. Wells 

CANYON GROUP-
Graford Formation (Lower Portion) 

Thickness 
Feet 

10. Limestone, light gray, weathering buff .. ..... .... ... .... .............. _ .... _..... ..... 2 
9. Shale, grayish blue, sandy ..... _.......... .......... .................. .............. ....... ... 28 
8. Sandstone, reddish brown, coarse-grained, irregularly bedded, cal-

careous .. .... .. ............ ..... ... ....................... ....................... ........... ......... 36 
7. Shale, gray .. ........... _ ...... .. ...... · ............... .. ... ........ : .... ..................... _ .... __ ... 9 
6. Limestone, gray, sandy, changes to calcareous sandstone .. _ .. __ .... __ ... 1 
5. Shale, gray, caIcareous .. .................... ... . __ .. ...... .......... ... ... ...... _........ ..... 14 

Palo Pinto Limestone 
4. Limestone, gray, irregularly bedded, sha ly, 15 to 20 feet thick in 

north end of ranch, breaks up toward middle of area into thin 
platy, sandy beds and is replaced by sandy shales at south end 00 .. 0-20 

57 Shaw, E. W., Gas in the area north and west of Fort Worth: U. S. Geol. Surv., 
Bull. 629, p. 44, 1916. 
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STRAWN GROUP-
Mineral Wells Formation 

3. Shale, gray, sandy..................................................................... ............. 12 
2. Sandstone, buff and reddish brown. ..................................................... 20 
1. Shale, blue gray, sandy..................................................... .. ........ .. ....... .. 123 

Equivalent Beds in the Colorado River Valley.-In th~ area of the pres­
ent Colorado River Valley the sea was apparently absent at the beginning 
of the Canyon epoch or at least was too shallow and disturbed to be favor­
able for deposition of the Palo Pinto limestone. No equivalent of this 
limestone of the northern area is to be found south of Gorman in Comanche 
County, and the lowest formation of the Canyon group contains argil­
laceous wave-worked sands, brecciated limestones containing pebbles of 
black limestone, chert, reef corals, and conglomerates, deposits which in­
dicate nearness to an old shoreline. (See B, Plate XV.) 

Paleontology.-The faunal character of the Palo Pinto limestone has 
not been indicated satisfactorily in the course of the field work on the 
Texas Pennsylvanian. The collections are rather meager and for the 
most part contain only the more common, long-ranging Pennsylvanian 
types. The limestone is not on the whole very fossiliferous and there 
has not been opportunity for special paleontological investigation of this 
horizon. So far as observed the fossils are contained chiefly in the upper 
portion of the limestone above the parting of yellow shale which divides 
the formation into two main ledges. 

Perhaps the chief characteristic of the Palo Pinto fossils is their robust 
appearance. Species which at other stratigraphic horizons have only 
moderate size, appear here as very large individuals which in some cases 
are almost twice the normal size. Most of the specimens, also, are very 
perfectly formed and well preserved. Although the composition of the 
fauna, at least the portion of it which has been determined, is not, ap­
parently, diagnostic of a definite horizon in the Pennsylvanian, the un­
usual development of size is a distinguishing feature which assists in 
recognizing this portion of the Canyon limestones. Of course the litho­
logic character and stratigraphic position have been the most important 
characters in the mapping of the limestone. 

A collection of fossils from the Palo Pinto limestone about four miles 
west of the town of Palo Pinto, one mile north of the point where the 
Gordon road branches from the road to Caddo, contains very robust speci­
mens belonging to the following species: 

Fauna of the Palo Pinto limestone four miles west of Palo Pinto 

P?'oductus CO?'a 
P?'Od1wtuS insinuatus ? 
P?'oductu:s se?ni?'eticulatus hermosrmus ? 
Product1{S sp. 
Pust1tia nebraskensis 
Pustula punctata 
Spi?'i!e?' cameratus 
Composita subtilita 
Edmondia sp. 
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A. Palo Pinto limestone 10 miles west of Mineral Wells. 

B. Palo Pinto limestone showing characteristic weathering 10 miles west of Mineral 
Wells. 
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A. Outcrop of Palo Pinto limestone in Brazos River at bridge southeast of Palo 
Pinto. A typical view of the Canyon group. 

B. Rochelle conglomerate at base of Canyon group east of Rochelle, McCulloch 
County. 
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As is true of most of the limestone faunas in the Texas Pennsylvanian, 
the preponderance of the molluscoid element in this fauna may be observed. 

GRAFORD FORMATION 

Name and Definition.-The Graford formation is named from the town 
of Graford in Palo Pinto County where it is typically developed and where 
the upper members form a very prominent escarpment just west and north 
of the town. This is one of the most persistent, uniform, and easily recog­
nized formations of north Texas: It may be recognized readily by the fact 
that it forms the highest and most continuous escarpment in the Pennsyl­
vanian section and by a thin but very persistent limestone, containing 
myriads of small emaciated Fusulina, which occurs everywhere about 60 
feet below the top of the escarpment. 

In the Brazos River Valley the formation consists of all the strata from 
the top of the Palo Pinto limestone to the top of the Adams Branch lime­
stone. In the Colorado River Valley where the Palo Pinto is absent the 
formation extends from the top of the uppermost heavy sandstone of the 
Strawn, known as the Ricker bed, to the top of the Adams Branch lime­
stone. The Ricker bed occurs just below the "Coral" limestone bed and 
is found at Brownwood at a depth of about 240 feet below the top of the 
Adams Branch limestone. 

Stratigmphic Position.-In the Brazos River Valley the Graford for­
mation overlies the Palo Pinto limestone conformably. In the southern 
district across the Colorado River Valley where the Palo Pinto limestone 
is absent the relationship of the Strawn and Graford formations is prob­
ably.unconformable. This last statement, however, is made with reserva­
tion since it is based more on inference than on observation, for con­
tinuous exposures of the contact are wanting. The only evidences of this 
unconformity are (1) conglomeratic limestones at the base of the Graford 
formation in the Brownwood district, (2) conglomerates in the Cowboy 
and Rochelle areas made up of coarse, polished, wave-worn pebbles which 
are rather strikingly different from the conglomerate lenses common in 
other formations, and (3) the abrupt change in the character of the sedi­
ments from the predominantly cross-bedded and non-marine beds of the 
upper Strawn group to the very fossiliferous marine Graford beds. These 
relations possibly indicate a slight uplift in the Llano Mountain area and 
a slight depression in the Brownwood area at the end of the Strawn epoch. 

E xtent.-The area of outcrop of the Graford formation is shown on the 
geologic map (Plate I). In the northern area the average width of the 
outcrop is 10 miles, but in the southern area it narrows to five miles or 
less. The belt of the outcrop may be traced from near the town of Joplin 
in Jack County, southwest to Graford, across the Brazos River at Fortune 
Bend, south of Metcalf Gap, and thence to a point southeast of Staff where 
it disappears beneath the Cretaceous. West of Gorman it reappears, and 
the upper beds may be traced to Sipe Springs where the formation again 
dips beneath the Cretaceous sands. South of this Cretaceous overlap it is 
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found at Owen in Brown County and may be readily followed southward 
through Brownwood and east of Mercury to the Llano Mountains. 

The thickness of the formation varies from 400 feet at Graford to 250 
feet and less south of Brownwood. 

Subdi'visions.-The Graford formation has been subdivided into the 
following members: 

Colorado River Valley 

3. Adams Branch limestone 
2. Brownwood shale 

Capps limestone lentil 
1. Rochelle conglomerate 

Brazos River Valley 

2. Adams Branch limestone 
1. Brownwood shale 

Oran sandstone lentil 

The Adams Branch limestone member has been identified and mapped 
throughout both the northern and the southern area of Pennsylvanian out­
crop in north Texas. It forms a prominent escarpment 100 to 150 feet 
high and may easily be recognized. The clay shale beds below the Adams 
Branch are known in both the Colorado River and the Brazos River val· 
leys as the Brownwood clay member. In the south it contains locally near 
its base a lentil of limestone named the Capps bed; in the north it contains 
a locally prominent sandstone which is known as the Oran sandstone lentil. 
At the base of the Graford formation near the town of Rochelle is a bed 
of conglomerate which is here distinguished as the Rochelle conglomerate 
member. These more resistant beds in the lower part of the Graford 
produce low hills and faint escarpments toward the eastern edge of the 
formation outcrop in Brown County and in Palo Pinto County. 

Rochelle Conglomemte.-The name Rochelle conglomerate was given by 
Tarr"" to a bed of coarse conglomerate found east of the town of Rochelle 
(E:ee Plate XVI). This conglomerate found at the base of the Graford for­

mation, just above the Ricker bed of the Strawn group, and is distributed 
in the area adjacent to the Llano Mountains southeast of Mercury. The 
best exposure of the Rochelle conglomerate is on the San Saba-Brady road, 
four miles east of Rochelle. A conglomerate very closely resembling the 
Rochelle bed and of about the same stratigraphic position is well exposed 
at a gravel pit near Pecan Bayou one-half mile north of Brownwood on 
the road to Blanket, and near the Capps well four miles. northeast of 
Brownwood. 

The Rochelle conglomerate is composed of well rounded, wave-worn 
pebbles of chert, flint and quartzite, with some scattered greenstone peb­
bles unlike any which have been observed in the other Pennsylvanian con­
glomerates farther north. This material was probably derived from old 
rocks which then outcropped' south or east of the present Llano Mountains. 
The pebbles are highly polished and of many colors. The matrix is a white 
quartz sand cemented with silica, and in places is of the same hardness as 
the included pebbles. In the sand are fragments of black shale and small 

"STarr, R. S., Preliminary report on the coal fields of the Colorado River Valley: 
Geol. $UrV. Texas, 1st Ann. Rept., p. 205, 1889. . 
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A. Escarpment formed by Adams Branch limestone halfway between Strawn and 
Caddo. 

B. Escarpment formed by Adams Branch limestone west of Graford, Palo Pinto 
County. Typical topography of the Pennsylvaniar;. area. 
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pebbles of black chert which closely resembles material from the Marble 
Falls formation. In the exposure near Brownwood there are several well 
preserved specimens of the coral Campophyllum torquium which areap­
parently not redeposited. The conglomerate reaches .its maximum. ob­
served thickness, about 25 feet, in the exposures farthest south. N orth­
ward it becomes thinner. The bed at Brownwood is from 6 to.10 feet 
thick. 

The Rochelle conglomerate was correlated by Drake59 with a deposit of 
gravel near Milburn, which he states occurs in the Brownwood beds above 
the "Coral" (Capps) limestone. Careful instrumental measurements show, 
however, that the conglomerate east of Rochelle lies 60 feet stratigraph­
ically farther below the top of the Adams Branch limestone than does the 
"Coral" limestone at Brownwood (columnar sections 1 and 2, Plate II), 
and 80 feet farther below the Adams Branch limestone than the Milburn 
gravel. The gravel at Milburn is an isolated deposit very close to the 
Colorado River on the south side and it can be traced only along the river 
terrace. The pebbles are not so well polished or so varied in lithologic 
character as those of the Rochelle conglomerate, and the formation is less 
indurated. It is believed that the Milburn gravel is the remnant of an old 
terrace of Pleistocene age and not a part of the Rochelle conglomerate. 
The true Rochelle conglomerate was deposited only near the mountains, 
probably slightly before but almost contemporaneously' with the Capps 
bed of the Brownwood area. 

B'rown1Vood Shale.-The name Brownwood shale was applied by Drake60 

to the shaly strata below the Adams Branch limestone and above the 
Rochelle conglomerate. This shaly portion of the Graford is observed 
in the north, in the Brazos River Valley, as well as in the south, and has 
been traced from Joplin, in Jack County, to Rochelle, in McCulloch 
County. North of the Cretaceous sand area, the Brownwood bed is de­
fined as including all the strata between the base of the Adams Branch 
and the top of the Palo Pinto limestone. 

The Brownwood shale consists of dark gray and blue clay shale, weath­
ering to light gray and yellow. It contains some lenses of sandstone, 
and a number of thin beds of limestone. The Capps limestone lentil is 
distinguished in the lower part of the Brownwood shale near Brownwood, 
and a fairly continuous sandstone lentil in Palo Pinto County is designated 
the Oran sandstone. At Brownwood the shale is about 180 feet · thfck, 
but northward it becomes thicker until at Graford, in Palo Pinto County, 
it is at least 400 feet thick. In many places the clays are very fossil­
iferous. 

The Capps limestone lentil, named from the· Capps farm, three miles east 
of Brownwood where it is well developed, occurs near the base of the 
Brownwood shale and is apparently the same as the "Coral" limestone 
of Drake, so named on account of its very abundant ·and characteristic 

59Drake, N. F ., Report on the Colorado coal field , GeoL Surv. Texas, 4th Ann. Rept., 
p. 388, 1892. 

60Drake, N. F., loco cit. 
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corals, chiefly Chaetetes. This limestone is not widely distributed and can 
be traced for only short distances in the areas on either side of Pecan 
Bayou. Northeast of Brownwood it extends from a point near the Capps 
well northward to a point beyond the Frisco railroad, a total distance of 
about three miles. Southeast of Brownwood a good exposure of the bed 
can be followed from a point near the Santa Fe tracks to the Cretaceous 
overlap east of Cedarton. The Capps limestone has not been recognized 
in any of the drilling in the Brownwood oil field, west of the area of its 
outcrop. A typical exposure of the Capps lentil, showing dense, dark 
gray-blue limestone filled with numerous Chaetetes, which on the weath­
ered surfaces give a knotted, gnarly appearance to the bed, is found west 
of the schoolhouse two and one-half miles southeast of Brownwood and 
two miles west of Pecan Bayou. A section measured here by Grady Kirby 
is as follows: 

Section lower part of Brownwood shale containing Capps limestone lentil, 2 * miles 

southeast of Brownwood 

Brownwood Shale 

4 . Limestone, blue, consists almost entirely of the coral Chaetetes 

Thickness 
Feet 

(Capps limestone lentil) ... .................... ... ..... ... .................................. 4 
3. Clay, yellow, sandy............. .......................... ........................ ....... ........... 15 
2. Sandstone, brown............. ....................................................................... 4 
1. Shale, brown... ...................... .. .. ............ .................................... ............. 20 

Total thickness...... ...................................... ..................... ...... ....... 43 

The Capps limestone is very irregular in lithologic character. In places 
it is made up of almost nothing but corals and in other places it is com­
posed of rounded limestone and chert pebbles cemented together by cal­
cium carbonate to form a solid limestone layer. The conglomerate phase 
is well exposed along the road to Blanket at a point four miles east of 
Brownwood where it appears to have been broken up by wave action, 
mixed with pebbles and beach gravel, and then recemented. Four miles 
east of Brownwood on the road to Zephyr is a striking exposure of a coral 
reef. The coral colonies are standing perpendicularly in a yellow clay, 
and are from one to three feet in length, from six to twelve inches in diam­
eter tapering slightly upward. 

The following section of the Brownwood shale and associated parts of 
the Graford formation at the type locality of the member west of Brown­
wood is as follows: 
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Section. of Graford formation west of Brownwood 

GRAFORD FORMATION­
Adams Branch Limestone 

(G in fig. 12) 
Thickness 

Feet 

11. Limestone, impure, yellow.............. ................... .... ........................... 16 
10. Limestone, blue, massive, contains calcite veins........ .................... 2 

Brownwood Shale 
9. Shale, yellow, sandy.. ................ ........................................... ............. 10 
8. Sandstone, yellow ........ .. ..... ......... ........ "...... ......... .. ...... ............. ........ 10 
7. Shale .................................................... ...... ..... .... ,.......... .......... .......... 25 
6. Limestone containing Fu,sulina........................ .. .......... .. ........ .......... 1 
5. Clay, yellow, fossiliferous......... .................. .... ...... .................. .. ......... 40 
4. Sandstone, even-textured ........ .................... ............. ............ ...... "... 10 
3. Shale, blue .. ......... " .. ............ " .................................. .................... ....... 20 
2. Clay, yellow....... ............. ................. ..... ..... ............. ....... ................... 30 

Rochelle Conglomerate ( ? ). 
1. Conglomerate, coarse, quartzitic............... ........... ............................ 4 

Total thickness measured .. ......... .................... ........................... 168 

Other stratigraphic sections which show the character of the members 
of the Graford formation at various points along the outcrop are given 
below. 

Section of Graford formation northwest of Graford 

GRAFORD FORMATION­
Adams Branch Limestone 

(D. in fig. 12) 
Thickness 

Feet 

10. Limestone, gray, unevenly bedded, weathers to small pieces......... ... 5 
9. Shale, light gray, caIcareous................................................................ 15 
8. Limestone, gray, massive, weathers to l~rge blocks with rough 

pitted surfaces .. ""'''' ............... .. ..................... " ....... ..... ...... ...... ........ 10 
7. Shale, yellowish-gray ................ " ................... .. .. "" .. " ............ ...... . """" 7 
6. Limestone, yellow, thin,very fossiliferous, characterized by small 

Fusulina and bryozoa ... .... .................................... ................ " .... :...... 2 
Brownwood Shale 

5. Shale, dark, fossiliferous .. .............................. ............................. .... ..... 33 
4. Sandstone, massive, cross-bedded, contains coal plants...................... 25 
3. Shale, light, contains lenses of sand........ ............................................ 230 
2. Limestone, dark blue, fossiliferous, at Graford changes to sand 

northward and southward forming the Oran lentiL..... ................. 10 
1. Shale, sandy, forms broad cultivated fields.. .. ............................ .. ...... 70 

Palo Pinto Limestone-

Total thickness measured ............. ~ ....................... ................... "".. 395 
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Section of Graford formation in escarpment due west of Strawn oil field 

Measured by H. H. Robinson. C. l (C in fig. 12) 

Thickness 
Feet 

GRAFORD FORMATION---: 
Adams Branch Limestone 

15. Limestone, weathers gray, fresh surfaces are blue, shows numer­
ous calcite veinlets, contains bed of conglomerate 1 foot thick, 
makes top of Lloyd Mountain ... ________ . __ .. _. ___ . ____________________ . ______________ . 45 

14. Shale, gray---.---------------- ..... -...... ----.-.-........ -._. _. ___ : _________ ...... __ .... ___________ .. 10 
13. Limestone, sandy, contains numerous crinoid stems and other fos-

sils, especially Fusulina .. _ .. _._ .... ___ ._._ . __ .. _ ... __________ __ ..... _._ .... _ ... _ .. ___ .. _ 5 
Brownwood Shale 

12. Clay, bluish~gray, numerous white streaks, and blotches __ .. _____ . ___ '. ___ . 5 
11. Shale, sandy.-........ ---------.-.... -... ----.... -.... --- -... __ ... ___ . ________ ... _ ... __ . _________ . ___ . 5 
10. Sandstone, buff, loosely cemented, irregularly bedded, cross-bedding 

common __ ._ .... _._. _____ . __ ............ _ .. _ ........... . _._ ......... _______ ............ _ .. _ .. _...... 15 
9. Shale and clay, bluish gray ...... --- .... ... -.... ..... ... ------.... .......... ..... _._ ... ___ ._. 15 
8.. Sandstone and sandy shale, sandstone is buff and on the whole is 

irregularly bedded, cross-bedding common ___ _ . ___ __ ... _ ... __ _ ... __ . _________ . 55 
7. ' Interval for most part grassed, presumably made up mostly of shale, 

some. sandy shale, and one or two limestones each about 1 foot 
thick . __ ........... , ...... _._ .. ....... .... . __ ... _ ........... _ ..... _ .... _ ................... ___ . _______ . 110 

6. Limestone, resistant, exposures poor, estimated thickness ............. _. . 2 
5. Shale and shaly sandstone, exposurespoor ... ... ___________ ....................... _. 20 
4. Sandstone, light brown, massive, thick-bedded, grains medium-size, 

fairly well rounded, weathers to dark rusty brown, massive ir­
regular blocks, in most places loosely cemented (Oran sandstone 
lentil) _ ............... ____ ......... ............. __ ................ __ ....... .... .................. :... . 3 

3. Sandstone, brown, massive, loosely cemented in some portions, other 
portions very friable, slightly closer grained than overlying mem­
ber, grains mostly quartz; pore space comparat.ively large in 
parts of the member; in places minute cross-beds less than an 
inch thick are evident ; olive-colored specks as large as a pea 
and imperfect cross-bedding are common in lower part, cross-
beds average 1 foot in thickness. (Oran sandstone) ... _ .. _ ....... __ .... 50 

2. Sandstone, very similar ·to that above but contains much more iron. 
Apparently because of the irregularity in distribution of cement­
ing material, the sandstone weathers into very irregular shapes. 
In lower portion of member are some light brown specks and 
streaks that are probably FeCOs.-----......... ..... ---.--... -.. ............. _______ .. 10 

1. Interval of grassy slope more gentle than the concealed interval, 
probably friable sandstone ..... _ ................... ... _____ . __ .......... .... .. ...... _____ . 12 

Total thickness measured .. _._ ............. __ .. _ .............. __ .......... _.... 362 

"lShaw, E. W., Gas in the area north and west of Fort Worth: U. S. Geol. Surv. 
Bull. 629, p. 44, 1916. 
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Section of Graf~rd formation, 1;4 miles northwest of Staff 

(F. in fig. 12) 

GRAFORD FORMATION­
Adams Branch Limestone 

Thickness 
Feet 

Limestone, brownish-buff at base, white at top; massive, in places cherty 17 
Brownwood Shale 

Sandstone, reddish-brown, iron-sta-ined, cross-bedded__________________________________ 22 
Shale, blue, sandy_______ ____ __ __________________ ____ _____________________ ___ __________________ ____ ____ _____ 13 
Sandstone, gray, thin-bedded, calcareous ___________________ ______ _______________________ :___ __ 2 
Shale, blue-gray_________ _________________________ ______ _____________________ ___ _________________ ______ _______ 3 
Limestone, brown, iron-stained___ ___ ________________________________________________________________ 3 
Shale, blue, soft, calcareous ____ , _______________________________________ __ _____ ~ ____ , -------- -------~--- 22 
Sandstone, brown, cross-bedded, calcareous_______________ _______ ___________________ __ _____ 5 
Limestone, brown, mottled, filled with Fusulina__ ___________ ___________________________ 5 
Shale, blue, soft, evenly bedded_____________ _____________________ ___ _________________ __ ___________ _ 20 

112 

Section of Brownwood shale along Salt Creek north of Brownwood, near Cisco­
Brownwood road.G2 (E. in fig. 12) 

GRAFORD FORMATION 
Adams Branch Limestone 
Brownwood Shale 

Thickness 
_Feet -

11. Shale, blue, argillaceous__ _________________________________________________ ____ ____ ______ ____ 20 
10. Sandstone, massive, forming escarpment _________________ __ _______________________ 15-25 

9. Shale, sandy _________ ____ ___ ______________ _________ . ________________________________ ,_________________ 25 

8. Sandstone, in places calcareous_________ ____________ __ ___ ______ ____ _______________ _________ 4- 5 
7. Shale, fossiliferous (Fusulina bed at top) ________________________________________ 40 
6. Sandstone, massive, cross-bedded, locally shaly________________________________ 4~ 6 
5. Shale, argillaceous, fossiliferous at top______ ______ __ ____ ___________ ________ __ ___ ____ 15 
4. Sandstone, calcareous in places _______________ ___ ___ _____ ____ ___ ____________ ___ ________ c_ - 4- '5 
3. Shale, blue, argillaceous______________________________________________________________________ 25 . ~ -

2. Sandstone, calcareous in places_____ _____ ____ __________ _______ __ _____________ __ __ _____ ___ 5, 6 -
1. Shale, blue, clayey, top part fossiliferous ____ __ ________ ___ , __ ___________________ ,__ 50 

Total average thickness__ _________________ __ _______ _____ _______________________ ________ 282 

Adams Branch Limestone.-The Adams Branch limestone was named 
by Drake from the creek of that name in Brown County west of Brown­
wood. In the preliminary paper on the Pennsylvanian formations in 
Texas by PlummerG3 this limestone in the northern area was called Graford 
limestone. Since it has been found that this limestone is identical with 
the Adams Branch limestone in the Brownwood district, and since it is 
undesirable to designate a subdivision of the Graford formation by the 
same name, Drake's name is here applied. 

62Drake, N. F., loco cit., p. 390. 
GSPlummer, F. B., Preliminary paper on the stratigraphy of north-central Texas, 

Bull. Am. Assn. Pet. Geol., vol. 3, pp. 132-150, 1919. 
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Everywhere, except where covered by the Cretaceous deposits and recent 
debris, the Adams Branch limestone caps a prominent escarpment that is 
easily traceable from the Llano Mountains in McCulloch County to north­
ern Jack County (Plate XVII). In Palo Pinto County the limestone is in 
most places made up of two layers separated by 10 or 15 feet of yellow 
clay. The upper layer is from four to five feet thick and the lower layer 
from 15 to 60 feet and in places 100 feet thick. In Brown County the 
thickness of the whole member is only 10 to 30 feet. The increased thick­
ness in certain places is due to the changing of the calcareous shales and 
sands, just ·below the lower limestone layer, to limestone. The variations 
across Palo Pinto County are well shown in the diagram, Plate XVIII 
made by J. G. Burtt. 

The limestone is light gray, in places iron-stained and quite fossiliferous. 
The shells are fragmentary and do not weather out in relief but give the 
limestone the appearance of being fretted with dark, thin,curved lines. 
The limestones show streaks and blotches of ferruginous matter, very com­
monly veins of calcite, and rarely small nodules of chert. The rock is mas­
sively bedded. The bedding and joint planes are so uneven that weath­
ering produces large irregularly shaped blocks and slabs six or more feet 
in thickness. The limestone is remarkably uniform throughout its long 
outcrop. In Brown County west of Brownwood it is composed of the same 
two members at about the same distance above the Fusulina bed of the 
Brownwood shales as in Palo Pinto County; and it has the same uneven 
texture and weathers into the same large rough blocks. 

Paleontology.-Both in the Brazos River Valley and in the Colorado 
River region the . Graford formation contains fossils which are an im­
pOl'tant aid to stratigraphic and structural work in the field. They com­
prise a fauna somewhat different as a whole from that of the more typical 
Wewoka group which is found in the upper Strawn or in the beds of the 
lower Cisco above. They differentiate somewhat broadly, therefore, this 
portion of the Canyon group from other Pennsylvanian divisions in 
Texas. 

The formation is not equally fossiliferous in all exposures nor at aU 
horizons. In some places the fossils, though fairly numerous, represent 
only a few species. The collections which were made by the writers and 
associated workers represent (1) horizons in the Adams Branch limestone 
and (2) portions of the Brownwood shale. The chief fossiliferous hori­
zons in the latter are found about 60, 170 and 250 feet, respectively, below 
the top of the Adams Branch member. The collections from the lime­
stone while containing in some cases a considerable number of specimens, 
do not represent a large variety of species. Those from the subjacent 
shale were found chiefly in calcareous or marly beds near the top of the 
member and at distances of about 60, 170 and 250 feet, respectively, in 
different places, beneath the top of the Adams Branch limestone. 

The limestone fauna, as represented in the collections from localities 
67.1, 67.2, 67.10, 78.2, and 79.3 in the faunal table below, is mainly char­
acterized by common brachiopods and in some places with echinoderm 
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remains. Corals, bryozoans and mollusks are very few. At some places 
the wide ranging brachiopod Composita subtilita is surprisingly abundant 
and it constitutes almost the only fossil which is found. As indicated in 
the columnar sections which are correlated in Plate II there is a horizon 
in the upper part of the Graford, referred to the Adams Branch limestone, 
which is characterized both in the Brazos and Colorado rIver valleys by 
an abunda,nce of a distinctive long, emaciated type of Fusulina. This 
form has ndt been sectioned or otherwise subjected to the keen scrutiny 
which now appears to be necessary in the identification of differep.t species, 
but it is distinguishable" very readily on the basis of its external shape 
from others of the Texas Fusulinas. This bed has been recognized at 
very many places from Jack County into Brown County and since this 
species of Fusulina is apparently restricted to a very narrow zone, it is 
an excellent horizon marker. 

The Brownwood shale fossils include a variety of corals, echinoderms, 
bryozoans, brachiopods and mollusks and the collections contain many 
more species than do those of the limestone. In the northern area a num­
ber of collections has been made from exposures betweeI,l Palo Pinto 
and Graford, as ' in the prominent escarpment along the Brazos River. 
Zaphrentid corals, mollusks of the typical Wewoka aspect, and in one or 
two localities an unusual number of trilobite fragments seem to charac­
terize this part of the Graford. In the southern area collections were 
made a few miles west of Brownwood on the Thrifty road at a horizon 
approximately 200 feet below the top of the formation, and farther south 
along the escarpment in the vicinity of Brooksmith. The collections west 
of Brownwood are characterized chiefly by abundant Rhombopora lepido~ 
dendroidea and other small ramose bryozoans with some of the common 
Pennsylvanian species. The locality near Brooksmith has afforded an 
abundance of well preserved fossils which weather out of the calcareous 
shale and may be collected readily. The fauna contains a larger propor­
tion of the mollusks than observed in most of the collections and in many 
respects presents characters similar to the Wewoka. However, it lacks 
very many of the typical Wewoka species and contains some types which 
do not occur in the Oklahoma formation. An abundance of unusually 
large, flat-coiled gastropods of the Euomphalus type which apparently 
are distinct from any described species, is an especially noteworthy fea­
ture. 

The fossils which have been collected from the Graford formation by 
the writers are shown in the following table: 
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Fauna of the Graford formation, Texas 

ADAMS BRANCH BROWNWOOD SHALE 

LOCALITIES 

~;?f:~tr]:<~u~~~/I'lt X '/xi/ :: : •. :.: 
Lophophyllum sp. _______ ____ ___ __ _____________ _ _____________ ____ _ -- ___ _ __ __ . __ . x ______ ______ ____ ____ ___ _ __ ___ _ 

Campophyllum tOl'quium __ ____ ________ 1 ______ , X ----- - ----- - ------ ---- -- ,----- X ------ ---- -- -__ ___ ------

*Michelinia eugeneae __ ____ _______ _____ 1 ______ - ----- ------ - - - - - - ------ -,,--- - ----- - - -- -- - -___ _ ---- __ __ __ __ ___ ,_ , 

~~:~~:;:,:F~~'~:Z~~~:i0: tl~ i •••• •• x l •• ~.. •••• •..••.• •••.•. 
~ydl'ei~nOCri~us sp. __ ______ ___ _________ 1 ______ 1· ______ / ___ _ __ 1 ______ ------ ------ ------ X ------ ------1--- --- ------
HydrelOnOCl'lnUS acanthophol'us, _________ ___ . ____ __ ___ ___ ------ --- __ _ ----__ __ __________ ___ ___ __ __ . ___ ___ _ 

Eupachycrinus magister ? : __ __ _____ 1 ______ ------1------, --- --- 1------ 1------ ------ . ------ --- ---1 ---- -- X 1-- -- --
. Eupac~ycrinus sp. ---- ------- ----------- -1------1------1 ------1--- -- - ----- . -:----. x /----- - -- -- -- ------ ______ 1 _____ _ 

~;:~~~~n:t:;~· a-~-d -~i~t~~:::::::::::::r~- -I - -~ - -I ~ I :::::r:::: : I- -~-{~-- I . ~ I:::::: : I--~--
Al'cheocidaris sp. __ _________ ___ __________ 1 _____ _ 1 ____ _ ._1 ___ ___ 1 ____ __ ------ ----, - :-. ____ 1_, __ . __ 1 ,_:: __ .1 __ ,_ ._1 X .. 1.------
Fistulipora carbonaria ____ ______ ______ 1 ______ - - - -- - ------ 1------ ------1 x ------------ x ---.-'" --,- ,-\. xx 
Fistulipora nodulifera ______ __ ___ __ ___ , __________ ,_ ______ ______ ______ x ____ __ ? . , __ __ _ _________ ___ __ ___ _ 

~:!~::~I::,p •• ·.· .. · •• ·· ..• ·.·•··· ..... ·I ....•• I ••• ··.II •• ~..[ J~ .. ~ ••••..•..••.•••... ~ ...•••.• 
F enestella sp. __________ ____________ ___ _____ 1 _____ _ 1 ______ ' ___ ___ \' _---- -1 ------1 x ------ ---- -- x x -- ---- ---.---
Polypora sp. ____________ ________ __ _________ -'- _____ . ______ 1 ___ ___ --- ---1---- -- x ----- - x -__ __ _ x . x x 
Septopol'a biserialis nervata ___ ____ _ I ______ I ______ ------ ______ 1 ______ ------ --- -- - x ------ -- ---- ------ ------
Septopora sp. ______ __ ___ __ _____________ ____ 1 _____ _ ----- - ------ ------ ------ ------ ------ ------ x ------ x x 
Rhombopora lepidodendroidea _______ _ 1 ___ ___ ------ -- --- - --- - -- x ------ ___ ___ ______ x x x 

Rhombopora sp·. ---------- ----------------I---- --! --- -- - ------I-- --- -! ------ ---- -- ------ -- -- -- ---- -- ------ x . . I . 

~~~;~!:l~fde~- - -~~~-;~~~-- -:::::: ::: ::::: I :::::: I :::::: :::::: I :::::: j :::::: I :::::: :::::: --~--I ::~:: : 1 :::::: 1 :::::: :::::: 
O~·bi~uloidea sp. -------------------- ------I------! --- --- ______ 1 ____ __ 1 ______ 1 x 1------ ------ ------ ------1------ 1------

g:~~~: ~::::!;i :::::::::::::::::::::::::: I :::::: 1--1-- :::::: I :::::: i :::::: I--~-- I :::::: 1 ::::: : : :::: : :::::: 1 : .: :::: I :::::: . 
Derbya crassa ________ ___ . __ ___ . ________ ____ 1 ______ 1 x --- ---I --- ---I---- --! ------1-- ---- -- .--- ------ x 1 x I. x. 
Chonetes granulifer ____ __ ______ __ ______ 1 ______ 1 __ ____ ___ __ _ 1 ______ ------1.- ---- ------ ----:- _____ _ 1______ x 1.--.---.-· 

Chonetes verneuilianus ____ __ . _____ __ 1 ______ 1 ___ ___ __ ____ 1 ______ ------1------ ---- -- --- --- x ----- - ------ .----- -
Pl'oductus colol'adoensis -- --- ------- j ______ 1 ___ ___ ______ 1 ______ -- ----1 x x ------ -- ---- 1------ - - ---- I '.-~-:-: 
*Pl'oductus semil'eticulatus ________ 1 ____ __ 1 ___ ___ ---- --1------, ------. ---- .- ------ ------ ------ ------ ---- -- ------
Pl'oductus cora --- -- --------- -------- ---- -- ! ______ 1 _____ _ 1 _____ _ 1 ______ ------ x 1 x -- -- -- ------ x -- ---- 1 x .·. 
*Productus costatus ----- --------- ------! ______ 1 ______ 1 ______ 

1 
______ _______ _____________ ___ _________ _____ ___ __ __ ___ .-

Productus insinuatus ___ ____ __ ____ _____ 1 ______ ------ ______ 1. _____ ------ ----- -1 ---- -- -- ---- ----- - x --- --- _c_; __ 

Pl'od~c~us sp. ---·------------------- ·------!------I------ I x 1 ____ :_ ------ 1------ ---- -- ------ --- --- -- ---- ------ ---.---
Margmlfera splendens ----- ---- -__ ____ 1 __ ___ _ x 1------ ------1------ x 1------1:----- x ------ ------1 x; , 

~~:~~i: npe:~::~e:s~_~ _:_:::::::::::::::::: 1 :::::: 1 ~ I __ ~ __ I : :: : : : --~-- ::: : :: 1 :::::: __ ~ __ ::::::J __ ~ __ I __ ~ __ I :::::: 
Pugnax rockymontanus --- -- --------- 1------1 ---- --1 -___ __ 1 ______ 1 ______ --- ---1 ----:- ------1 x 1------1 --- ---1 -.-=,: 

*RepO?·ted by Drake. 
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ADAMS BRANCH BROWNWOOD SHALE 

LOCALITIES 

~!~!~::a c~:!:=~:s .~:::::::::::::::::::: ..... ~ : I" ~ " :::::: :::::: :::::: .. ~ .... ~ .. :::::: :::::: .. ~ .... ~ .. 
Spirifer texanus ........................... ...... ... ... ... ... ...... ...... x ...... x ....................... . 
Squamularia perplexa ..... ..... ..... . ...... x .......... .. .......... ..................................... . 
* Ambocoelia planoconvexa ... .. ....... ............ ................. ... ................................... . 
Sph-iferina kentuckiensis .......... ...... x x ...... I...... ...... ...... ...... ...... ...... x .... .. 
*Hustedia mormoni ........ ~ ...... ..... ...... , .......... ........ I .................................... .......... .. 
Composita sllbtilita .................... x x x x x x x x ...................... .. 
Edmondia gibbosa .................... .. .... .. ...... .... .. ...... ...... ...... .... .. ...... ...... ...... ...... ? 
Edmondia aspenwallensis .......... ...... ...... .... .. ...... ...... ...... ...... ...... ...... x .......... .. 
Nucula anodontoides ? .............. ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... x x 

~:I~~~::l~:~::!:~~~~ .. ~~::::::~:~::~:~ ~::::: ::::J::::: :::::: :::::: .. : .. ::~:: ::~:: ::~:: ::~:: ::::::1 : 
Leda bellistriata attenuata ...... .. ...... ...... ...... ...... ...... ...... ...... ...... .... .. x .......... .. 
Yoldia glabl'a .............................. .... .. ...... ...... ...... .... .. ....... ...... ...... ...... ...... x x 
Parallelodon obsoletus ........ ...... .. ...... .. .. .. ...... ...... .... .. ...... ...... ...... ...... .... .. x .... .. 
Pinna peracuta .......................... .. .... .. ...... ...... ...... ...... x . ............ .......... ........ .... .. 
Conocardium sp. ...... ................ .. ...... ...... ...... ...... .... .. ...... ...... x ................ .. .... .. 
Pteria sulcata .............................. ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... x 
Myalina recurvirostris .............................. ,... ...... ...... ...... ...... ...... ...... x x x 

:~:~!~: ss~a~~:~r~~~ .. :::::::::::::::::: ::::::. :::::: :::::: :::::: ::::::1:::::: .. ~ .. :::::: :::::: :::::: .. ~ .. : 
Schizodus alpina ? ...................... ...... ...... .... .. ...... .... .. ...... ...... x...... ...... x 
Schizodus wheeleri .................... .. .... .. .... .. ...... ...... ...... ...... ...... ...... ...... ...... x .... .. 
Aviculopecten sp. ...................... .. ...... ...... ...... ...... ...... ...... ...... ...... ...... x .... .. ..... . 
* Allorisma subcuneata ..... ............... ... ... .. .......... ....... ..... 1 .................. ... ......... .... . . 
Astal'tella concentrica ..... ................ . ...... " " " .... .. ...... x .... .. ...... .... .. .... .. x x 
Bellerophon Cl'assus ..... .... ........... ...... ... ... ...... ...... .... .. ...... x x .................. 1 x 
Bellerophon crassus wewokanus. . ...... x I''''' ' ...... ...... ...... ... ... .... .. ...... ...... x x 

~:~:~:E~~ ,~:~o:~:.:~~'lt ....•... ~ .••...•..•.•.••. ~ ...• ~ ••.. ~ .•.• ~ .• 
Bucanopsis meekiana ........... .......... . \..... . ... ... ...... ...... ...... ...... ...... ..... . x x ..... . 
Pharkidonotus percarinatus ...... ...... ... ... ? .................................... ................ .. 
*Pleurotomaria sphaerulata .... ........ , ......... ......... .... ...... ............. . ..... . ................. . 
W orthenia tabulata .......... .......... .... .. .... .. ...... ...... ...... x x ..... . ........ '''' .... .. 
Phanerotrema grayvillense ........ ... ... .... .. ...... ...... ...... x x x x x x x 
Orestes brazoensis ...................... ...... ...... x .............................. ...... ............ ..... . 

. Murchisonia sp . ........................ .. ... .... .... .. ...... ...... ...... ..... . ...... ...... ...... ...... x x 
Trepospira deprE'ssa .................... .. .... ...... ...... ...... ...... x x x x...... ...... x 
Euomphalus n. sp. ..................... . .. .... ...... ...... ...... ...... ...... ...... .... .. ...... ...... ...... x . 
*Schizostoma catilloides ... ... ...... .. ''' ' .... .......................... """ ............................ .. 
Schizostoma subquadrata ......... , ..... : . ." .... .... ~ . ...... ...... ...... ...... ? ...................... .. 
Zygopleura n . sp ................................................... "" ...... ... .. . ...... ...... .... .. ...... x 
Trachydomia wheeleri .......... ...... ..... . .... .. ...... ...... ...... ...... ...... ...... ...... ...... ...... x 
*Sphaerodoma medialis .................... ............ ............................ .. ....................... . 
Sphaerodoma sp. .. ............ ... ........... . , ...... ... ... ...... ...... .... .. ...... ...... ...... ...... .... .. x 
*Sphaerodoma texana ...... · .. · .... + .... ·1 ...... 1 .................. I· .. · ....... -j--............... -j--.... , ..... . 

* Repo?'ted by D?·alce. 
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ADAMS BRANCH BROWNWOOD SHALE 

LOCALITIES ~ I, ~ I ~ · II ~ I ci :; I ~ I ~ I ~ I ~ I ~ 1 ~ 
~,-__ ~ __ ~~~~~ ____ ,,-~~j~~~_~=- ~ ~ ~ ~ ~ ~ ~ M M 

Sph~erodom~ intercalaris --------:-1------1------1------ =1------1-=1:=::-: ---= ==-:~=I TI-:-::-:~~ 
BulImorpha _ sp. cf. B. chrysalIs ------ ------ ------ ------1------1------1------ ---- -- ------ ------ x --- ---_ 
Orthonema carbonaria --------------1---- --1------1------ ------1 --- ---1---- -- ------ ------ ------ ------[------ x 
Goniospil'a lasallensis ---- ----- -------\------1--- ---1-- ---- ------ \ ------1------1------1------1------ ------ ------ x 
Aclisina stevens ana ? ---------------- ------I-- -- - -I --- ~ -- ------ ______ 1 ______ 

1 
______ 

1 
______ 1 ______ ------ x 1 ic 

*Conulal'ia crustula ____________________ 1 ____ __ 1 ______ -- ---- ------1------ ------1------1------ ------ ------ ------ -- --- -
Pseudorthoceras knoxense ________ \ ______ 1 __ __ __ 1 ______ ------1------1 x 1------1 x 1------ ------ ------1 x 

Ol'thoceras sp. -------------------- - ------~ ------1--- --- ------ -----t-----I------I------ I------ I------------ x 1------

~~~~~~~~el~:~ ;~-ii~-;i---:: :::::: :::::::: I :::::: I ::::::1 :::::: I :::::: I :::::: :::::: 1 :::::: I--~--I :::::: I :::::: II :::::: I :::::: 
Pronorites n. sp. ___________ _____ __________ 1 ______ 1 ______ 1 ______ 1 ______ 1 ______ 1 ______ 1 ______ 1 x 1-- ---- 1------ ------1------
Gastrioceras hyattanum -- ---- --:---1------1------1 ------1------ i ------ 1---- --1------1 x 1-- -- -- 1------1---,--1------
Metacocel'as cornutum carinatum 1 ______ 1 __ __ __ 1 ______ 1 ______ 1 ______ \------ \ x ---- -- 1--- ---1------1------1 ------
Griffithides scitulus ___ ________ ___ . ______ 1 ______ 1 ____ __ 1 ______ 1 __ ____ 1 ____ -- ------------ x 1 ______ 1 ______ 1 ____ --1- ____ _ 
Phillipsia ? sp. __________ ______ __ ____ ______ 1 ______ ---- -- 1-- ----1------1 ---- '-1--- --- 1------ x 1--- ---1------1 x I x 
*Petalodus destructor ---------------- ______ 1 ____ __ 1 ______ 1 ______ ) ______ ------ 1------ ,-----1------1------1------1------

BRAD FORMATION 

Name and Stratigmphic Position.-The Brad formation is named from 
the small town of Brad in Palo Pinto County, 30 miles west of Mineral 
Wells. This formation lies conformably upon the Adams Branch. lime­
stone and includes all the strata from the top of the Adams Branch lime­
stone to the top of the Ranger limestone, a massive, cherty member easily 
recognized because it is the only uniformly cherty limestone in the Canyon 
or Cisco groups and because it forms everywhere a conspicuous sharp­
edged escarpment. 

Extent and Thickness.-The northeasternmost exposure of the Brad for­
mation is near Stewarton in Jack County. From this locality the belt of 
outcrop runs southeastward into Palo Pinto County across the Brazos 
River. South of the river it has been deeply excavated by the tributaries 
of the Brazos and gives rise to the wild and beautiful topography of west­
ern Palo Pinto County. From Brad the formation extends southward 
through the Ranger field and disappears beneath the Cretaceous sand area. 
South of the town of Carbon it outcrops in a small isolated area in the · 
midst of the Cretaceous and forms a broad belt as far as Copperas Creek 
where it is again overlapped by the Cretaceous sand. In the Colorado 
River Valley it extends in a belt four miles wide from a line seven miles 
south of May in Brown County to Brady in McCulloch County. 

In the northern area it has an average thickness of 225 feet; in the 
Colorado River Valley its average thickness is 200 feet. 

Although the total thickness and general character of the Brad forma­
tion is approximately the same in the two main areas of Pennsylvanian 

*Reported by Drake. 
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GRAFORD FOSSILS 

Figure 1. Myalina subquadmta, interior view of fragmentary left valve. Brown­
wood shale, south of Brooksmith (129.2). 

Figure 2. Chonetes gmnulifer 1, slightly crushed pedicle valve, Brownwood shale 
west of Brownwood (129.1). 

Figures 3, 5. Zaph~'entis gibsoni 1, calyx and side views, respectively, of a common 
fossil coral in the Brownwood shale south of Graford, near Kyle Mountain (67.6). 

Figure 4. Batostomell(£ sp., a small branching bryozoan, Brownwood shale south 
of Brooksmith (129;2). 

Figure 6. Pugnax rockymontanus, pedicle valve, Brownwood shale south of Graford 
on the Brazos River (67.9). 

Figure 7. Composita subtilita, an extremely common brachiopod in parts of the 
Adams Branch limestone. Adams Branch limestone northwest of Graford (67.2). 

Figure 8. Myalina swallovi, a small, very oblique species, r ight valve. Brownwood 
shale west of Brownwood (129.1 ). 

Figure 9. Leda bellistr"iata attemlata, Brownwood shale south of Brooksmith (129.2). 
Figures 10, 11, 22. NU(fU la anodontoides 1, left valve, cardinal view and right valve 

of characteristic specimens fl'om the Brownwood shale south of Brooksmith 
(129.2). . . 
Figures 12, 13, 14, 15. Euomphalus n. sp., a very well preserved, robust gastropod 

abundant in the Brownwood shale south of Brooksmith. Figures 12 and 14 
show respectively, the top and side views of a typical large specimen; Figures 
13 and 15 the side and bottom views of another specimen (129.2). 

Figures 16, 17, 18. Yoldia glabra, two well preserved left valves and a right valve, 
r espectively, from the Brownwood shale south of Brooksmith (129.2 ). 

Figures 19, 20. Griffithides scitulus, a small coiled trilobite, Brownwood shale, south 
of Graford near Kyle Mountain (67.6). 

Figure 21. Anthr'aconeilo tafJiana, a somewhat exfoliated left valve, Brownwood 
shale, south of Brooksmith (129.2). 

Figures 23, 24. Tr'achydomia wheeleri, top and side views of two perfect specimens 
from the Brownwood shale south of Brooksmith (129.2). 

Figure 25. W o1"thenia tabulata, a partly weathered but characteristic specimen, 
Brownwood shale, Kyle Mountain (67.4). 

Figure 26. Hemizyga n. sp., Brownwood shale, south of Brooksmith (129.2). 
Figure 27. Beller"ophon C1"aSSUS, Brownwood shale, south of Brooksmith (129.2)" 

The correlation of the Graford formation is discussed with other divi­
sions of the Canyon at the end of the description of the g;roup. 
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rocks which are separated by the projecting tongue of Cretaceous sand, 
the sections are · sufficiently different to make desirable a consideration of 
each of the areas s~parately. The subdivisions which have been recog­
nized are as follows: 

Colorado River. Yalley 

4. Ranger limestone 
3. Placid shale 
2. Clear Creek .limestone 
1. Cedarton shale ' . 

Brazos River Yalley 

2. Ranger limestone 
1. Seaman Ranch beds 

Subdivisions in the Colorado River ·Yalley 

In the CoJonldo River Valley, where Drake's studies were undertaken, 
the strata which are here included in the Brad formation consist of two 
more or less prominent and easily traceable limestones and two divisions 
of shale and sandstone. Of these the uppermost bed, the cherty Ranger 
limestone, is recognized in the Brazos River Valley, the remaining sub­
divisions being represented in the north by the Seaman Ranch beds. 

Cedarton Shale.-The lower part of the Bl~ad formation in the Colorado 
River Valley consists of 20 to 100 feet of sandy shale with lentils of sand­
stone and a few thin beds of .cf?nglomerate. These beds were named the 
Cedarton shale by Drake64 from the small village of Cedarton in Brown 
County, southwest of Brownwood. The sandstone layers in the Cedarton 
member are found in most places near the top of the bed and are coarsest 
near the north end of the outcrop. The shales are blue, in places weath­
ering to red and purple; and are locally fossiliferous. Toward the south­
ern end of the outcrop southwest o~ Milburn the shales are, thinner . and 
more calcareous. 

Clea1' Creek Limestone.-Above the Gedarton beds is a layer of lime­
stone named by Drake65 the Clear Creek 'bed, which has an average thick­
ness of 10 to 25 feet. According to Drake it has a total thickness locally 
of as much as 90 feet, consisting of two ,massive layers separated by clay 
shale. - It may be traced in continuous outcrop from a point four miles 
east of Brady northward to the Cretaceous sand four miles east of Clio 
postoffice, northwest · of Brownwood. In the Gorman-Sipe Springs dis­
trict the Clear Creek has been correlated with a limestone between the 
Ranger and Adams Branch limestones and has been mapped from a point 
one and one-half miles southwest of Goiman northward to the Cretaceous 
sand east of Carbon. West of Brownwood and · along its outcrop ' across 
Brown County it is a yellow-brown limestone made up of several more or 
less discontinuous layers which in places combine to form a solid ledge, but 
in others are separated by thin beds of shale. The weathered surfaces 
are very rough, and it contains more iron than the Ranger limestone above 
or the Adams Branch limestone below.' . In places it can be distinguished 

64Loc. cit. 
65Ibid, p. 393. 
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by its dark yellow-brown color. In other places, however, it is light gray 
and massively bedded, quite like the Adams Branch limestone. West of 
Sipe Springs in Comanche County are two limestone ledges separated by 
about 60 feet of clay which represent without much doubt the Clear Creek 
bed. The lower of these plays out at a point about six miles north of Sipe 
Springs. The upper layer, 5 to 10 feet thick, seems to be continuous. 
It is dirty yellow in color, thin-bedded, rough-surfaced, and breaks up 
on weathered surfaces into small chips and thin slabs full of poorly pre­
served fossil fragments. Just below the lower limestone is a thin-bedded, 
fine-grained, light-colored, sandy clay similar to the Cedarton bed in Brown 
County. 

Placid Shale.-Overlying the Clear Creek limestone, and below the Ran­
ger limestone, is a shale division containing in places lentils of sandstone. 
This bed, which was designated by DrakeGG as "Bed No.7," is here named 
the Placid shale, from the town of Placid in McCulloch County which is 
situated on its outcrop. This member makes up the lower portion of the 
escarpment which is capped by the Ranger limestone and in many places 
excellent exposures are found. Drake describes the bed as follows: 

"West of Lookout Mountain the bed consists of from 40 to 50 feet of 
clay parted near the middle by two or three feet of dark colored lime­
stone, which in some places is overlain by a thin stratum of sandstone. 

. . The bed increases in thickness to the north for ten or fifteen miles. 
Southwest of Brownwood it is from 30 to 50 feet thick, and the clay is 
sandy, reddish to purple in color, and capped by from five to six feet of 
conglomeratic sandstone." 

Ranger Limestone.-The limestone bed above the Placid shale was named 
the "cherty limestone bed" by Drakeo7 because of its characteristic chert 
content. It has now been correlated definitely with a continuous limestone 
bed in the Brazos River Valley which is named the Ranger limestone from 
the town of Ranger in Eastland County. The new name has been retained 
in order to substitute an appropriate place name for the undesirable strat­
igraphic term, "cherty." In the Colorado River Valley the limestone forms 
a continuous escarpment from Brady Mountains northward to Hog: Creek 
on the Cisco-Brownwood road. The bed is made up of massive, rough, gray 
and yellowish gray limestone containing chert nodules which are for the 
most part evenly distributed throughout the bed, but in places are con­
fined to layers near the middle portion. The lithologic characteristics and 
lithology of the limestone is more fully treated in the description of the 
beds in the Brazos River Valley. 

Subdivisions in the Brazos River Valley 

In the northern area the Ranger limestone is everywhere a persistent 
ledge at the top of the formation. Below the Ranger the section consists 
of beds of clay and shale, lentils of limestone, and more or less thick .lenses 

GGlbid. 
G7Ibid. 



Stratigraphy of Pennsylvanian Formations of North-Central Texas 111 

of sandstone. The Clear Creek limestone has not been identified with cer­
tainty in this area and probably does not extend farther north than Carbon 
in Eastland County. Therefore it is not feasible to apply the subdivi­
sions of Drake to the formation in the Brazos River Valley. The lower 
part of the Brad formation in this area, including the strata between the 
base of the Ranger limestone and top of the Graford formation is desig­
nated the Seaman Ranch member. 

Seamcm Ranch Beds.-In the Brazos River Valley the shales below the 
Ranger limestone, which are equivalent to the Placid shale, the Clear Creek 
limestone, and Cedarton beds of the Colorado River Valley, have been 
named the Seaman Ranch beds for a ranch in western Palo Pinto County 
where they are typically exposed along Caddo Creek. They have an 
average thickness of 150 to 200 feet and consist of a basal bed . of shale 
60 to 100 feet thick overlain by 50 to 110 feet of dark gray, soft, sandy 
shale containing one or two lentils of reddish-brown sandstone and a thin 
layer or two of dark brown limestone. In most places the shales are non­
fossiliferous although one or two localities offer very fossiliferous beds. 

Range?" Limestone.-The Ranger limestone member forms the prom­
inent escarpment west of the town of Ranger in which the larger part 
of the Ranger oil field is situated and forms a persistent ledge which has 
been mapped from Stewart on in Jack County to Brady in McCulloch 
County. Excellent exposures may be seen near Bartons Chapel in south­
ern Jack County, near Brad on the Breckenridge-Mineral Wells road, at 
Ranger in Eastland County, three miles south of Carbon on the Eastland­
Sipe Springs road, and on the Brownwood-Trickham road five miles west 
of Brownwood. 

Like the Adams Branch limestone, the Ranger is made up in most 
places of two layers, an upper thin limestone separated by 5 to 10 feet 
of yellow shale from a lower thick and massive limestone. The upper 
thin layer is in most places more fossiliferous than the Adams Branch 
limestone, and the lower member is more massive and weathers into large 
square blocks which give a wall-like appearance to its escarpment; whereas 
the Adams Branch limestone weathers into more rounded boulders, and 
its cliff is not so abrupt at the top as is the Ranger cliff. The heavy bed 
of the Ranger member in many places contains layers and nodules of 
white chert. a characteristic not common to other members of the Penn­
sylvanian beds in northern Texas. Many of the chert nodules contain 
Fusulina and other fossils. The chert is found in nodules throughout 
the limestone, but most commonly forms a layer of chert nodules near 
the top of the lower bed. In most places the member is light gray, mas­
sively bedded, very evenly jointed, and it weathers to smooth surfaces. 
In the vicinity of Ranger the limestone occurs at the top of a high, abrupt 
escarpment, and below the heavy ledge are about 60 feet of soft shale. 
Many streams have cut deep canyons back into the scarp and have left 
the ledge protruding in narrow, jutting points a quarter of a mile or more 
in length, and only a few hundred feet wide. The limestone commonly 
breaks off into blocks which slide down the steep slope and form a 
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fringe of talus around the base. In a few places a great table of lime­
stone several hundred feet long and 200 to 300 feet wide has separated 
from the ledge along a joint plane, slipped over the soft shale, and has slid 
down the slope 60 or 70 feet below, nearly intact. One of these slips 
is located near the famous McClusky discovery well in the Ranger field. 
The edge of the block, having broken along a joint plane, is remarkably 
straight, and the whole mass of the limestone appears to be in place except 
for the fact that the blocks along the joint are turned up on edge. The 
slip has been interpreted by many geologists as a fault and was regarded 
at one time as an explanation for the large accumulation of oil on the 
McClusky tract. Later detailed work has shown that no large faults 
are present in this part of the field, and the landslide interpretation has 
been generally accepted. Other excellent examples of large blocks which 
have slipped down the slope may be seen along the Ranger escarpment two 
miles east of Olden in section i, H. T. & R. R.R. Co. Survey, Eastland 
County. 

Detailed Sections.-The plotted sections 'of the Brad formation on 
Plate II give a good idea of the general stratigraphic character of the 
strata in the different districts. Additional details regarding the char­
acteristics of the individual layers are included in the descriptions of the 
following sections measured in widely separated areas along the outcrop. 

Section of the upper part of the Brad formation at Barton's Chapel, Jack County 
(H in fig. 12) 

CADDO CREEK FORMATION-

Thickness 
Feet 

Conglomerate and cross-bedded sandstone.,.............................. ..... ............. 0-60 
BRAD FORMATION-

Ranger Limestone , 
Limestone, massive, gray and brown, weathers to hard, angular blocks 6 
Shale, buff, sandy, containing lentil of light gray, fine-graiJ:ed, calcareous 

sandstone ....................... .... ..... :........ .......................................... ................... 14 
Limestone, gray-brown, hard, sandy.... ..... .. ................................................. 2 
Shale .............................................. ...... ........................... ..................... .......... 4 
Limestone, yellow, hard, fossiliferous, cherty, irregularly bedded....... ..... 3 

Seaman Ranch Shale 
Shale, blue, weathering yellow.............................................................. ...... 40 
Sandstone, brown, weathering yellow......... .... ................... ..... ............. .... .... 5 
Shale .......................... ............................. ....................................................... 30 
Limestone, changing to calcareous sandstone, quite resistant, weathers 

red and brown .......... ....... ............................................ .-........................ ...... 3 
Shale,sandy, calcareous ... __ ... .. ...... __ ................ .................. ......................... .. 12 

TotaL ............................................................... __ ......................... ... .... 119 
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Section of Brad formation at type locality south of Brad, Palo Pinto County 

(I in fig. 12) 
Thickness 

Feet 
BRAD FORMATION-

Ranger Limestone 
9. Limestone, yellow, brown, thin, hard ................ .......... ................. .......... . 
8. Shale, light gray .............. ............ ........... ...................... .................. ........ . 
7. Limestone, massive, gray ........ ...... ....... ...... ............................. ...... ......... . 
6. Limestone, massive, yellowish gray, contains chert in places, varies 

in thickness .............. .............................. .... ... .. ......... ........... ...... .......... . 
Seaman Ranch beds-

5. Shale ......... ..... ... ................................. ................... .................. ................ . 
4. Sandstone, brown, calcareous ......... ... ..... ............. ........... .............. ... ....... . 
3. Shale and cross-bedded sandstone ............. ........ ..................... ..... ......... . . 

2 
9 

15 

15-25 

1.0 
4 

36 
2. Limestone, brown, thin-bedded, fossilifer ous. ........ ............ .... .... ........... 2 
1. Shale and sandstone, shale predominant........ ................... ..................... 96 

Average total thickness...... ......... ........................ ..................... 194 

Section of Brad formation at Ranger, Eastland County 

Measured by S. W. Wells. (J in fig. 12) 

BRAD FORMATION­
Ranger Limestone 

Thickness 
Feet 

Limestone, white, thin-bedded, cherty in two places.... ............ .................. 15 
Seaman Ranch Beds 

Shales, gray... ..... ...... ...... ..... ...... ............ ................... .. ........... ..... ........... ......... 1.0 
Sandstone, white to dark gray, thin-bedded, calcareous............................ 7 
Shale, blue and gray...... .. ............ ........... .................. ............ ...... .................. . 58 
Sandstone, dark reddish-brown, iron-stained, coarse-grained....... ........... 1.0 
Shale, blue and gray....... ......... ....................... .......... ............ ................. .. ... ... 2.0 
Sandstone, r eddish-brown, calcareous, cross-bedded, lenticular...... ........ .. 15 
Shale, blue-gray, in places sandy.......... .. ........ ................... ........ .......... ........ . 4.0 . 

GRAFORD FORMATION­
Adams Branch Limestone 

Limestone, white, thin-bedded.. .............. ............... ......... .... ....... ....... .... ........ 15 

TotaL.. ..................... ...... .. .... ......................... .. ......... ......... .................... 19.0 

Section of Brad formation on Eastland. Sipe Springs road three miles south of Carbon, 
Eastland County 

BRAD FORMATION­
Ranger Limestone 

(K in fig. 12) 

Thickness 
Feet 

15. Limestone, light-colored, thin, contains few f ossil fragments ........... : 3 
14 . Shale, yellow, marly......................... ........................ ................... .......... . 1.0 
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13. Limestone, massive, grayish white, irregularly bedded, chert-bear-
ing; weathers to smooth gray surfaces ; contains much chert in 
form of nodules 1 to 4 inches in diameter, of rounded and elon­
gated forms; most of the chert is fossiliferous, iron-stained, and 
weathers to a reddish color_______ __ __ _______ __________ __ __ ________________________________ 12 

Placid Shale 
12_ Shale, yellow, calcareous___ _____ ____________ _______________ ________ ____ __ __ __ _____ ______ ______ 5 
11. Limestone, impure, hard, brown ______ ____ ___ :_______ ______________ _________ __ ___ ___ _____ _ 1 
10. Shale, mottled red and yellow, non-fossilife rous_ ___ _______ ____ _______ __________ 20 

9_ Sandstone, reddish-brown____________________________________ __ __________ __ ____________________ 10 
8_ Shale, sandy, contains some sandstone layers ___ __ __ _______ ______ ____ ____ ____ _ :__ 110 

(Partly gra!?s-covered, not exposed) 
Clear Creek limestone (?) 

7 _ Limestone, rough surfaces, unevenly bedded, yellowish-brown________ 8 
6_ Shale, not exposed__ ____ _________ _______ _________ _______ __ _____ ___________ _______ _____ ______ ______ 10 
5_ Sandstone and sandy shale__________________________________________________________________ 10 
4_ Shale ___________________ ____ ___ _______ ____________ ____ _____ ___ ______ ____ ____ ______ ___ _____ ______ _____ ___ ___ 30 

3_ Limestone, yellow-brown, thin-bedded, weathers into chips and thin 
slabs, fossil iferous__________________ ____ ____ ____________________________________________________ 5 

Cedarton Shale 
2. Shale, thin-bedded, fin e-grained, light-colored, sandy__ __ ___ ______ ___________ 10 
1_ Shale, not exposed_______ _____ __ ____ ______ ___________ __________ _______ _______ __ ______ __ ___ ___ _____ 85 

Top of Adams Branch Limestone . 

Total thickness_______ ___ ____ ____ _____ ___ __________ ____ ___________ _____________ _____ _____ __ 329 

Section of Brad formation on Brownwood. Trickham road five miles west of 

Brownwood, Brown County 

BRAD FORMATION­
Ranger Limestone 

(L in fig. 12) 

Thickness 
Feet 

10. Limestone, cherty, yellow, impure________________ ________________ ____ ______ ___ ___ ______ 5 
9. Limestone, blue_______________________________ ______ ___ __ _________ __ _____ ___ _______ ______ ___ ___ ____ 5 

Placid Shale 
8. Shale, yellow_ _____ _____ ________ ____ _____ ___ ____ __ _______ __________ ____ _____ _____ _______________ _______ 12 
7. Limestone, cherty_____________ __ _______ __ ___________ _____ ____ ___ ___________________ ______ ________ 6 
6. Shale and yellow clay containing conglomerate and sandstone lenses 80 

Clear Creek Limestone 
5. Limestone, blue, abundant calcite veinlets____ ____ __________ __ ____ _________ _________ -12 
4_ Shale, yellow, contains lenticular limestones__ _____ ___________ ___ ___ __________ ______ 33 
3. Limestone, yellow, massive________ ___________ ___ __ ____ ______ _______________ __ ______ ______ ____ 6 

Cedarton Bed 
2. Shale, fossiliferous________ _______________ ___ ___ _________________ ____ ________ _______ __ __ ____ _____ 2 
1. Sandstone conglomerate containing chert pebbles_________ ______ _______________ 80 

Total thickness________ ______ ___ ___ ___ ________ __ ___________________________ ______ ___ _____ 241 

Paleontology.-The beds included in the Brad formation are not strik­
ingly fossiliferous, although in some places an abundance of poorly pre­
served invertebrate shells and fragments may be seen in the limestone 
members. Most of the fossils which were collected during the course 
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of the recent field work were obtained from the Ranger limestone and 
the shale immediately underlying it, and the localities are distributed 
mostly in the Brazos River Valley. Drake reports a number of fossils 
in the Colorado River Valley from the Clear Creek and "Cherty" lime­
stones but does not give locations in detail. In the following faunal list 
the species reported by Drake but not represented in the Roxana collec­
tions are marked with an asterisk. 

The fauna includes ·representatives of all the important invertebrate 
groups and is very similar to other divisions of the Canyon. It may be 
identified as a phase of the well-characterized Wewoka fauna, although 
many of the common species of the southern Oklahoma formation are 
lacking here. 

Fauna of the Brad formation 

/ LOCALITIES . 
FAUNA 1--1--1--1--1--

/ 53.5 / 66.3 ! 67.3 I 67.7 I 79.4 
*Fusulina cyEndrica ....... ....... ... ........................ .. ......... ! .......... ! .......... / .......... 1 ..... ..... 1 ........ . . 

A mblysiphonella sp. . ...... .................................. ... ... ..... / .......... 1 X /··········1·········· /········.· 
* Zaphrentis ~p .. .......... ....................................... ... : ...... 1 .......... / .......... 1 .......... 1 .......... 1 ......... . 
Lophophy!lum profundum ........ .... ..... ......................... 1 X X 1 X 1··········1·······,·· 
Lophophyllum profundum radicosum ........................ 1 X ! .......... / .......... / .......... ! ......... . 

~~~:eO:~:~l~; :.~~:~~~~:.:::::::: :::: :: ::::: ::::::::::::::: :::::::::::: I :::::::::: I :::::::::: 1 :::::::::: I :::::::::: 1 .... ~ ... . 
Hydreionocrinus patulus .... ......... ................ ........ ..... .. /... .. ..... .......... x .......... .. """" 
Hydreionocrinus sp. ..0 ...... ......... .. .. .............................. .......... . ......... x .......... ......... . 
Delocrinus SD •......... ... .............•... : . . . .. ........ ;.................. ..• .. ..... ....... . .• x ................... . 
Crinoid stemr- and plates........ ............................ ... ..... X x X X X 

i!~:r!~~:::~::·~~~.~~~::::::::::::::: ::::::::::::::::::::::::::::::::.:: :::::::::'I""~"" .... ~ .. '. :::::::::: :: ::~:::: 
;~~~~~~:: :;~S~~.l:~ .. : .. :::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::: .... ~.... ~ :::::::::: I :::::::::: 
* Orbiculoidea convexa ....... ........ .. ............................... .............................. ····.····· 1···· ·· .. ·· 
* Orbiculoidea missouriensis ? ........ ... ··············· ·· .. ······ /····· ..... 1···.· ......................... ......... . 
Rhipidomella pecosi ........................ ................. ........... .......... x ... ................. """ "" 
*Derbya crass a ... ................... ....................................... .................................... ............ . 
*Meekella striatocostata ...... ... ..... ..................... ........ ........ ... ....................................... . 
"Chonetes granulifer ...................... ........... ..................... ...... , .................................. ..... . 

;;:~~::~: ;Oel~:~~~~~~~~.~ .. :::::::::::::::::::::::::::::::::::::::::::: I :::::::::: I :::::::::: .... ~~ ... :::::::::: .... ~ ... . 
*Productus pertenuis ............. .... ........ ............. ............ ............... .................... ........ ... : .. . 
*Productus costatus .. ........ .......................... ......... ....... ... .. .......... ..... ~ ......................... .. . 
*Productus semireticulatus ..................................... .................... ... ................ ............ . 
Productus sp. ............................... ..... ............. .... ......... .......... .... ...... x ..... ........ ...... . 
Pustula nebraskensis ..... .. ............... ... .... .... ...... ........... ........ .. .......... x ................... . 
*Pustula syn1metrica ............... ... .... ................... .. ... .. ..... : .................................... ..... ... . 
Pustula punctata ... .......... ................... ............ ............ .......... x x ................... . 

~:~~i~if:~~ . i~~~ii·~~·~i~···: ::::::::::::::::::::::::::::::::: :::::::::::: .... ~.... . ... ~ .. .. :::::::::: I :::::::::: :::::::::: 
Marginifera splendens ....... ..... ....... ..... ...................... .......... x ··········1·········· ......... . 

" Reported by Drake. 
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1 __ ~CALITI~I __ 

FAUNA I~I~ · 67.3 ~179.' 

;~!E:l~::;:::;:: ..•..•.•••.••.•••...•••••...•.••••.•.•..•••••..•••••.• I> , .... ~····I ····~· ··· ····•· •••. I····~···· 
: ~~~~~~la!.~:a;~:pl~~~-- :::: : : ::: :: ::: ::::: :::: : :: : :::::::: : :: ::::: ::: I ::::::::::-, :::::::::: I :::::::::: I :::::::::: I:::::::::: 
Ambocoelia planoconvexa ------------------ -- -- -- -- -- -------------- 1----------1----------1 x ! ----------1---- ------
Spiriferina kentuckiensis ____ ____________ ____________ ______________ 1 __________ 1 x 1 __________ 1 __________ 1 x 
Hustedia mormoni -- ---------- ---------- ---- . ____ __ . ________ __ ________ 1 __________ 1 x , x 1----------1----------
Cliothyridina orbicularis ------.----.--.------. ------ .---- -- ---- ---\ .------ _ ,- x ------ .. __ 1 __ ________ 1 ________ __ 

~:7!'~::,~:~~:,~··· ..•••• ····· •• ··•· •..•• ··•·•·•·.· ••••• ··1 : I •••• ~ •••• I •••• ~ •••• I· •• · ••• · •• I.·.·· •••• · 
Parallelodon sangamonensis . __ . __ __ · ________________ . ____________ 1 __ . ____ . __ 1 x 1----·--·--1 ---- -- ----1 ------ -- --
*Conocardium obliquium . _ .. -- .. .. . --.. .. ... ... __ . __ . __ .... .. __ . ___ 1 ____ · .. ___ 1 __ .. ..... _1 __ .. __ .. __ 1. __ . __ .... 1 __ . __ .. __ _ 
Pseudomonotis hawni .. ------ ---- -- ----------.-- ---- ----.. ---- --. ----- 1--- ·---- .. 1---- ---- -- 1 x \-- --. .... , 1------ -- --
Myalina subquadrata ______ ____ .. ____ . ____ .... __ .. ... __ . ________ __ ___ 1 x ! __ .. ______ 1 x 1---- -- .-- 1 -- -- -- ----
* Aviculopecten occidentalis ... ---- ---- ----------.---------- .--. -- 1 ... ----.--1---- ------ 1 -- -- ---- --1-------- --1 --·-- .. ---

:~:~~:l!~:e:~~~U:~~h~;~--? -- : :::: ::::::::::: :·::::: :: :::: ::: :: ::::::: :: I ::::::::::: :::::::::: I :::::::::: I :::::::::: I-- --~----
Astartella varica ----. ------ -- ---- -- .---- --' " -- .---------- --------... . __ 1 __ .. ---- --I x I .. -- ------! .. -- -- -- .. 1------ -- --
*Euphemus carbonarius __ .... __ .. __________ ____ . ____ . __ .... .. ... __ _ \ __ . __ ... __ 1 ____ __ . __ . 1 __________ 1 __ ________ 1 __ ---- ----

*Euphemus nodocarinatus ---- .. --.-- -- -- .... . __ .. __ __ ...... ______ 1 .... __ .. __ 1 ____ __ . ___ 1 __ .. __ ____ 1 ________ .. \ _________ ·_ 

Pharkidonotus percarinatus ·--·--· ____ · ______ · __ .. __ __ · __ · ____ · __ 1 x 1----- :-- .. 1--·----·--1------·--- 1----------
*Pleurotomaria sphaerulata __ ...... .. __ .... __ .. __ __ ..... __ ... __ .. 1-______ ... 1 __________ 1 ____ ____ __ 1 __ . ____ . __ 1 __ ----. -- -

Phanerotrema grayvillense ---- -- -- ---- .--.-- .. -- .... ______ __ .. __ __ 1 x 1 ______ ____ 1 __________ 1 __ ________ 1 __ __ __ · __ _ 
W orthenia tabulata __ . ____ . __ ______ . __________ .. ____ . ____ .. . ________ ... 1 x ·1------· ·--1----------1 -- ----· .. -1------·---
* Orestes brazoensis --. ---- ---- .--.--.-------- .. -.. __ . ____ .. ______ __ · __ -1 ______ . ___ 1 ____ . __ · .. 1 __ .. · ... __ 1 __ ____ . ___ 1 __ , ____ . __ 

Trepospira depressa __ __ .. ____ ____ . __ . ____ ... . __ .. __ __ __ . __ ... . __ .. ... 1 x I· .. ·-- .. -- ! .. --------1 .. ·-- ...... 1---- -- -: --
Euomphalus sp. -- ------.-- --.--.--.------------------ .--·.-- ... ----. ·---- 1--.--.----1 x ! ----·-- .. -1 --·-- .. ·--1---- -- · .. -
Schizostoma catilloides ----. --. --.--.--.--. ---- .. -- .. -- . ... .. ----.) .. ____ . __ .1. __ __ ..... 1 x \----·-----1--· -- -- -- · 
Naticopsis sp. ____ .... ____ ____ __ __ ... .. ____ . __ ... __ .. .. ... __ .... __ ....... 1 __ .. __ .. __ 1 x I--·-- ---- ·! --·-------1----------
Sphaerodoma brevis ---- .------------ .. ---- ... ---- .. ----- .. -. --. ---- --1 x 1---· ---- .. 1---- .. ----1 .. ----·--·1-------- --
* Sphaerodoma medialis ----.... ---- .------ ---- ...... ----.. ·-- ... · .. 1----.--·--1 .... -- .... 1.---- .. ---1---- -- -- .. 1-------- --
*Sphaerodoma primigenia ... __ · __ ... .. · .. · __ .. ____ ·· ... · .. .... .. 1 ______ .... 1 __________ 1 ________ .. 1 ____ ____ .. 1- ____ -----

* Sphaerodoma t exan a _ ... ---- -- .--. ---- .... ---- .. --------·--.. -- --·-- 1----------1------ ----1 .. ------ .. 1---- -- ---- 1----------
Sphaerodoma ventricosa -- .-- .. ------ ------ ... ---- .. --.-- --------.--! .. · __ · .. __ 1. __ . ____ __ 1 x 1-- ·------ -1-- ·-- --·--
Meekospira peracuta choctawensis __ . __ .. __ .. .... ... ______ . ___ 1 __ . __ ... __ 1 ____ .... __ 1 x 1-.. ----·--1------ -- .. . 
*Platyceras parvum --.---- ------.--.. --.--.-- .. -- .. ---- -- .. --. -- .-- ... -1 .. --·-----1 __ · __ · __ __ 1 __ __ · _____ 1 .. .. __ __ .. 1-________ _ 
*Conularia crustula -- ------ .--.-- .. -- .. ------. ---- ---- ·--· .. · .. ------ .. 1----·-----1 -- ·-- --·--1---- ·--· .. 1 .. ------ .. 1-------- -­
Protocycloceras ? rushense? ------------·· -- ----·---:· -- .. ·--1--------·-1---· ·-- .. -1---·-- ----1 x 1------·---
*Nautilus sp. ____ · __ ·· __ · ____________ ____ · __ · __ · ______ ____ ____ · ____ ...... __ · __ 1 __ · .. .. __ -1 .... ____ .. 1 .. __ ·-----1 .. ----·---1 ----··----
*Goniatites sp . ·-- .---- ----·----.. ------ ---- .. ·-- .. ----.. ·-- ...... -- .. --· .. I-- .. ·-----! .. ·-- --·· -1 .... ·-----1 .. -,·---- -\------ -- .. 
Phillipsia maj or ? -- ... -- ---- -- ... -- ...... -------------------- ---- -- -- ... -! ... __ .... _1 ____ .. __ .. \ x 1 .. ----· ... \---- .. -- --

Phillipsia ? Gp. --. ----. --------.---------------------- ... -- ---- -- .... --. -- .! -- -- .... --I x I .... -- -- .. \-------- .. 1--· ---- -- -
*Petalodus destructor ------.--.----------.------------ ---- -- -- ----. --\----.--.-- ! ______ ____ 1 __ ··· .. · __ 1 __ · _______ \ __ · .. .. · __ 

The correlation of the Brad formation is discussed with that of the 
Canyon division as a whole at the end of the description Of the group. 

*Reported by Drake. 
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CADDO CREEK FORMATION 

NCLme and Strat'igraphic Position.-The Caddo Creek formation is 
named from Caddo Creek which flows through the town of Caddo north­
west into the Brazos River and affords excellent exposures of the forma­
tion all along the upper part of its course. The formation lies conform­
ably upon the Ranger limestone and Includes all the strata from the top 
of the Ranger limestone to the top of the Home Creek limestone, which is 
the highest layer in the Canyon group. In the northern area the Home 
Creek limestone is readily distinguished from the other limestones by its 
position above a thick massive sandstone and below the fossiliferous shales 
and ferruginous sands of the Cisco group. 

Extent and Thickness.-The Caddo Creek formation has been mapped 
from a point about five miles east of Jacksboro southwest across Jack 
County to Finis and thence across the northwest corner of Palo Pinto 
County to Caddo. From Caddo the belt runs southward beneath the 
Cretaceous sand southeast of Eastland and reappears in the Gorman dis­
trict, occupying the west end of the Pennsylvanian inlier. South of the 
Cretaceous area the outcrop of the formation runs from a point southeast 
of Blake in the Brownwood district to a point near Brady. In the north­
ern area the average width of the outCl'OP is three miles and its thickness 
from 100 to 150 feet; in the Colorado River Valley it is only 30 to 50 
feet thick and its outcrop is not more than two miles wide. In many 
places it forms rounded outliers resting on the Brad formation. In Palo 
Pinto and Stephens counties, owing to the soft and easily eroded character 
of the overlying beds, the outcrop of the Caddo Creek formation is in­
dented far back by all the streams flowing across the strike, so that it 
presents a very irregular and dendritic exposure. 

Subdivisions of the Caddo Creek Formation 

The Caddo Creek formation consists of two members: 

2. Home Creek limestone 
L Hog Creek shale 

Both names were given to the members by Drake from creeks in Brown 
County. In the preliminary paper by PiummerG9 on the stratigraphy 
of the Pennsylvanian area of north-central Texas, the Home Creek lime­
stone was called the Eastland limestone. It has now been established that 
this member is the same as Drake's Home Creek bed, and the name "East­
land limestone" has therefore been dropped. 

Hog C1'eelc Shale.-The Hog Creek bed as exposed in Palo Pinto County 
consists of a series of sandstones, shales, and rarely a limestone lentil. 
A t the top of this series is a dark reddish-brown, cross-bedded sandstone 

G9Plummer, F. B., Preliminary paper on the stratigraphy of the Pennsylvanian 
formations of north-central Texas: Am. Assn. Pet. Geol. Bull., vol. 3, pp. 132-50, 
1919. 
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containing in some places remnants of coal plants and in others lenses of 
conglomerate. This sandstone varies in thickness from 10 to 25 feet and 
overlies about 75 feet of grayish-yellow shale containing lenses of. sand 
and in a few places lentils of limestone. One or two small collections of 
fossils have been obtained from the Hog Creek bed, but on the whole it is 
non-fossiliferous. In the Colorado River Valley this member has about 
the same characteristics and thickness in its northern exposures as far 
south as the Gulf, Colorado and Santa Fe Railroad. South of the railroad 
the clays are somewhat thinner, and the sands pinch out in the district 
northeast of Brady. 

Home Creek Limestone.-The Home Creek limestone member is not a 
persistent member in the extreme northern portion of the P~nnsylvanian 
area. It marks the top of the Canyon group from the Llano Mountains 
northeastward into southeastern Young County, but northeastward from 
Finis in Jack County it can not be traced with certainty, because it changes 
laterally into calcareous sands which are obscured by slump and wash from 
the more massive sandstones of the basal part of the Cisco group above. 
At Caddo the Home Creek· limestone is composed of two layers which are 
separated by 5 to 10 feet of calcareous shale. The upper layer is a dark 
blue, fossiliferous, hard limestone and weathers to a yellow-brown color. 
The lower layer is an impure, clayey, light gray, poorly bedded limestone 
10 to 40 feet in thickness which weathers into large, irregularly shaped 
slabs and chunks. The same two members are present and have the same 
characteristics in the Eastland district. In the vicinity of Sipe Springs 
there is only one bed of limestone. It is characteristically light gray in 
color, in places stained yellow and brown by iron-bearing waters. The 
upper layers are slaty and contain abundant Fusulina, the lower part is 
massive and weathers into large blocks. It forms an escarpment of mod­
erate size and where not covered by the Cretaceous sand can be traced 
easily. 

Detailed Sections.-The uniformity in the lithologic character of the 
outcrop throughout its extent is shown by the columnar sections on 
Plate II. The following descriptions give in detail the individual char­
acteristics of the strata making up the formation. 

Section of Caddo Creek formation 6 miles north of Brad, Palo Pinto County 

Measured by S. W. Wells. (M in fig. 12) 

CADDO CREEK FORMATION-
Home Creek Limestone 

8. Limestone, brownish-yellow, blue on fresh surface _____________________________ _ 
7_ Shale ______ ___ __ ___ _________ __________________ ____ __ ___________ __________ _________ ____ ___ _____________ ____ _ 

6_ Limestone, nodular, grayish-white __ _____ -------------------- ________ _____ _______________ _ 
5. Shale ( covered) _____ __ _____ __ ___ '-_______________________________ __ _________ ______ _____________ ___ ___ _ 
4_ Limestone, massive,' contains chert concretions _____________________________ . _____ _ 
3. Shale ( covered) _____ _____ ____ ____________ _____ ___________ __ ______________________________________ __ _ _ 
2. Limestone, massive, iron-stained ___________________ _____ ____________ _________ ____________ __ _ 

Hog Creek Shale 
1. Shale and sandstone, shale predominant, black shale at base and 

sandstone bed at top ____________ ___ __ _____ ______________ ___________________ ____________ ___ ___ _ 

Top of Ranger limestone 
Total thickness _______________________________________ _____ _____________________ ______________ _ 

Thickness 
Feet 

2 
5 
6 
5 

24 
10 

5 

117 

174 
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Section of Caddo Creek formation four miles southeast of Eastland in a deep valley 

near head of Leon River 

Measured by S. W. Wells. (N in fig. 12) 

CADDO CREEK FORMATION-
Home Creek Limestone 

Thickness 
Feet 

2-4 6. Limestone, massive, light gray, weathers to large rounded blocks ........ . 
5. Shale, yellow gray ..................... .......... .......................... ......................... .. 
4. J:,imestone, massive, gray, weathers to angular fragments .................. .. 

Hog Creek Shale 
3. Shale ....... ......................... ......... __ .... __ ... ____ .. ______ ... __ .......... __ . __ .... __ .............. .. 
2. 
1. 

Sandstone, massive, lenticular, brown ....... __ .. __ . __ . __ ............ __ ... __ ..... ........ . 
Shale __ ... ____ ........................................ __ ...... .... __ ... __ ................................. . 

Top of Rangel' limestone 

8 
10 

20 
20 
43 

Total thickn ess .......... ____ .......................... __ ... .... ____ .... ...... .............. ... 105 

Section of Caddo Creek formation six miles east of Trickham near the 

Trickham-Brownwood road 

Measured by Grady Kirby. (0 in fig. 12) 

CADDO CREEK FORMATION-
Home Creek Limestone 

Thickness 
Feet 

8. Limestone, yellow, red spots and iron concretions .. ........................... . 
7. Shale, buff ...................................... __ .................. __ .......................... -- ...... .. 
6. Limestone, gray .. ......................... : ................ · ................................ __ .... __ 

Hog Creek Shale 
5. Shale .. __ ............ __ ......................................................................... -- ........ . 
4. Limestone, gray, marly .............. ....... __ .................. __ ....... ____ ................. .. . 
3. Shale .... __ ....................... __ ......... __ ................................. -- ....... -- ................. . 
2. Limestone, yellow ............ .... ............................ .................................. .... .. 
1. Shale ......... .............. ____ ............... __ .. __ ............ __ ........... -- ........ .................. . 

Total thickness .... ............................. .............. ............................ .... . 

Section of Caddo Creek formation five miles south of Bangs, section 37. 

J. Daniel Survey, Brown County 

Measured by C. A. Hammill. (P. in fig. 12) 

4 
11 

1 

8 
2 
8 
2 

30 

66 

CADDO CREEK FORMATION-
Home Creek Limestone 

Thickness 
Feet 

8. Limestone, gray and yellow, heavy-bedded, top shaly and full of 
Fusulina, lower part massive and weathers to large blocks stained 
with ferruginous matter to reddish and yellowish tints ..................... . 

7. Shale, buff. ___ .. _____ . __ .... ________ ............................ ..................... ........... _ ........ . 
6. Limestone, yellow, sandy,nodular, rotten in places ... _ .................... __ ... _ 

Hog Creek Shale 
5. Shale, yellow ... _ ........... _ ... ......... _ ...... _ ... _._ ................ -................................ . 
4. Limestone lentil, reddish-yellow, Fusulina ........................................... . 
3. Shale, yellow ....... .................................. ......... . -.. ............. ........................ . 
2. Limestone, gray, nodular, coarse-grained ........................................ _ .... . 
1. Shale .. ............................... ...................................... .............. ................ . 

BRAD FORMATION-
'Rangel' limestone, gray, massive, cherty, weathers to fine, honey-combed, 

iron-stained surfaces. 

4 
10 

1 

8 
1 
4 
1 

17 

Total thickness ................ _ ....................... _....................................... 46 . . 
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Paleontology.-The Caddo Creek formation appears to be much less 
fossiliferous than most of the Texas Pennsylvanian divisions. During 
the course of the field work for the Roxana Corporation only a few frag­
ments were collected and on account of lack of opportunity for special 
investigations no specific paleontologic studies were made. Fossils re­
ported from the Caddo Creek formation in the Colorado River Valley rep­
resent only the Home Creek limestone. The following species are re­
ported by Drake. 

Fauna of the Caddo Creek Formation (Drake) 

SY1'ingopoTa sp. 
Margini/era splendens 
Sph'i/er ca'l1teratu8 
Spirit e1'ina kentuckiensis 
A 1nbocoelia planoconvexa 
Composita subtilita 

Con 'elation of the Canyon Group.-As indicated in the faunal tables of 
the formations of the Canyon given above and as represented in the 
general faunal table of the Pennsylvanian of Texas on succeeding pages, 
the fossils of this division are as a whole very similar to those of the 
Mineral Wells and Graham formations, and with them are most like the 
fauna of the Wewoka formation. However, the Canyon beds are not on 
the whole so fossiliferous as the Wewoka nor have they been studied in 
such detail as to indicate with precision the relations of one fauna to the 
other. Also it appears that in the clear waters in which the massive 
limestone members of the Canyon were deposited the character of the 
invertebrates was, as might be expected, somewhat different from that 
found in the clastic Wewoka strata. Nevertheless in the shales of the 
Canyon, especially the Brownwood bed of the Graford, are found many 
of the most characteristic brachiopods and mollusks which mark the We­
woka fauna. Among these may be mentioned Productus insinuatus, Mat'­
ginifera lasctllensis, M. splendens, Pustula nebraskensis, Pugnax 1'oclcy- , 
montana, CliothY1'idina orbicularis, Hustedia mormoni, Edmondia gibbosa, 
Nuculopsisvent?'icosa, Leda bellist?'iata, L. bellistriata attenuata, Yoldia 
glab1'a, A.nthmconeilo tafJiana, Schizodus alpinus, Astartella concent1'ica, 
Belle1'ophon cmssus wewolcanus, Patellostium montfortiamlm, Euphemus 
ca1'bonarius, 'B~wanopsis meekiana, PhaTkidonotus percaTinatus, WOTth­
,enia tabulata, T1'epospi1'a depTessa, M eelcospi1'a' peracuta choctawensis, 
Sphae1'odoma gmcilis, S. intercalaris, Pseudorthoceras knoxense, P1'otoCY­
cloceTas ? 1"ushense ?, Metacoce1'as cornutum carina tum, Gonioloboceras 
welle1'i and Gast1'iocems hyattanum. So far as represented in the col­
lections made in the course of the recent field work Chonetes meso lobus . 
and some of the other typical Wewoka fossils have not been found, and 
some, such as ZaphTentis gibsoni, Agassizocrimts caTbonaTius, Spi1"ifeT 
texan'us, Pte1'ia sulcata, Myctlina swallo'ui, and TTachydomia wheeleTi, are 
foti~d in the Canyon but not in the Wewoka. Of these the last three have 



Stratigmphy of Pennsylvanian Formations of N01·th-Centml Texas 121 

been reported in Kansas; P. s'ulcata, a peculiarly distinctive pelecypod first 
described from Nebraska City by Geinitz, from the Kansas City, Douglas 
and Permian; M. swallovi from the Marmaton: to the P:ermian 'and 
T. wheele?'i from the Kansas City to the Shawnee. Spirifer texanus · is a 
very characteristic and readily distinguishable element of the faunas of 
the Canyon and Graham but is essentially restricted to Texas. 

Certainly the Canyon group appears to lack the invertebrate faunal ele­
ments which are most typical of the Upper Pennsylvanian and a careful 
consideration of the paleontologic and stratigraphic evidence available 
leads to the conclusion that the Canyon is essentially equivalent to the 
Wewoka and associated formations, approximately Calvin sandstone to 
Holdenville shale in southern Oklahoma, which in turn appear to repre­
sent all or some portion of the beds included in the Marmaton formation 
of Kansas. It is not at all certain that the change from clastic to calca­
reous sedimentation in the Kansas region was contemporaneous with that 
in Texas marked by the transition from the Strawn to the Canyon, but 
since there is some similarity also in the faunal relationships this may be 
the case. The southern Oklahoma area, which includes not only the Penn­
sylvanian rocks from the Wapanucka or possibly Caney strata to the Hol­
denville shale and higher beds, but, on the south side of the Arbuckle Moun­
tains the Glenn formation, was evidently much nearer an old land area 
from which much clastic debris was being transported than were the areas 
in Kansas and Texas, for the section here is uniformly clastic and the thick­
ness of sediments is much greater than either to the north or to the south. 

CISCO GROUP 

GENERAL DISCUSSION 

Following the end of the epoch of deposition of the thick calcareous beds 
of the Canyon group the seas became shallow throughout most of the 
area of the present Brazos River Valley. Large amounts of coarse sand 
and gravel were washed over the land and into the shallow waters in Jack 
County and eastern Young County. Carbonaceous clays, peat beds, and 
coarse sands were deposited in Stephens County and southeastern Young 
County, and in Eastland County cross-bedded shallow-water sands con­
taining plant remains were spread over large areas. In the present Colo­
rado River Valley the waters of the Canyon sea probably continued over 
the area, but the clear waters of the later Canyon epoch were for a time 
made turbid with coarse sediments, for above the Home Creek limestone 
in most sections sandy clays and irregularly bedded sandstones are found. 

Following the uplift was a long epoch of alternating conditions during 
which thin, but fairly continuous, deposits of limestone, were laid down 
in almost regular periodic succession with shale and sandstone. The sedi­
ments, which amount in total thickness to about 1000 feet, are now known 
as the Cisco group. During the middle part of the Cisco epoch marsh con­
ditions appeared and a bed of coal, the Waldrip coal, was laid down across 
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northern Texas. At the end of the epoch clearer waters and calcareous 
sediments came again into the region now occupied by the valleys of the 
Colorado and Brazos rivers, and these clear seas extended over broad 
areas to the west. 

To the north in the present valley of the Red River and in southern 
Oklahoma at the end of the Cisco epoch there were broad, low delta flats 
converging into an old river plain built by the confluence of imbricating 
streams which, aided by the hot, moist climate, formed the beginning of a 
remarkable series of red beds. Thus, the ferruginous calcareous deposits 
of the upper Cisco merge northward in north Throckmorton, Young and 
Montague counties into reddish and greenish calcacerous sands, clays, and 
grits making up a formation of a very different aspect from the upper 
Cisco beds to the south and west. 

Name and Stmtigmphic Relations.-The Cisco group was named by 
Cummins'o from the town of Cisco in Eastland County. As the town is 
centrally located on the belt of outcrop of the group, and as many excel­
lent exposures of the strata may be seen in this vicinity, no more appro­
priate name could be chosen. Cummins included hi the Cisco group all 
the interbedded sandstones, limestones, and sandy shales above the mas­
sive limestones of the Canyon and below the limestones of the Wichita 
group. The Cisco was defined by Drake to include all beds between the 
Canyon group and the Coleman Junction limestone, a limestone thought 
to contain Permian fossils. On the geologic map (Plate I) the top of the 
Cisco has been tentatively drawn at the top of the Coleman Junction lime": 
stone because the fossils in the limestone seem to have more of a Penn-

. sylvanian than Permian aspectY The line, however, is subject to future 
revision for should it be established that the fauna of the Coleman Junction 
limestone is Permian, the top of the Pennsylvanian series would of course 
have to be placed lower in the section. A collection of P ermian ammonites 
has been made from the shales above the Coleman Junction limestone and 
the fauna of the Moran limestone is apparently Pennsylvanian, so that the 
strata possibly in question are between the top of the Moran and the top 
of the Coleman Junction limestones. 

The basal beds of the Cisco group rest upon the Home Creek limestone 
of the Canyon group. In general the dip and strike of the Cisco beds con­
forms to that of the Canyon group, and in the Colorado River Valley sedi­
mentation was continuous from one epoch to the next. In the northern 
area, however, evidence points to an uplift of the land mass to the north­
east at the end of Canyon times, and a temporary withdrawal of the sea 
from portions of Young and northeastern Stephens counties allowing 
marsh conditions and the development of a thin bed of coal. Following 
the uplift to the northeast a much greater thickness of sands and shales 
was deposited in the beginning of the Cisco epoch in Jack and Young co un-

7°Cummins, W. F., Report on the geology of northwestern Texas: Geo!. Surv. Texas, 
2nd Ann. Rept., p. 374, 1890. 

7lCorrelation by Mr. Plummer. Fossils not collected or studied by Mr. Moore. 
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ties than southward. So far as known the transition was accomplished 
without any local warpings, and while there is no evidence of prolonged 
erosion between the two groups of formations there are noteworthy dis­
conformities and an abundance of coarse clastic material. The thickening 
of the basal Cisco beds in the northern part of the Pennsylvanian area is 
illustrated in Figure 14. 

Extent.-The Cisco group of formations outcrops in a belt which is 
30 miles wide at the northern end but tapers to about 15 miles at its 
southern extremity. It extends across the northwestern portion of Jack 
County, most of Young and Stephens counties, the southeast corner of 
Shackelford County, the western half of Eastland and Brown counties, 
the eastern half of Callahan and Coleman counties to the southwest corner 
of McCulloch County', as shown in Figure 13, 

Lithologic Character.-The Cisco group consists of a series of sand­
stones, shales, and limestones and several thin coal seams. Most of the 
sandstones are confined to the lower portion of the section and to the 

Figure 14. Block diagram showing the thickening of the basal portion of the Cisco 
group in the northern part of the Pennsylvanian area 

stones containing lenses of gravel. The shales are more calcareous, lighter 
colored, and thinner than the shales of the older formations, and here and 
there may be seen in the weathered slopes tints of red, yellow, and purple, 
bright colors which are rarely seen in the beds of the Canyon group. Also 
some of the shale beds of the Cisco are very fossiliferous. The limestones 
are much thinner and more ferruginous and more crystalline than those 
below, and most of them are very persistent and make excellent horizon 
markers for determining structural relationships. 

Topography.-The Cisco group of formations gives rise to a very dif­
ferent topography from that of the Canyon group below or the Wichita 
group above. There are no high, sharply defined cliffs, deep canyons, and 
rough, angular hills. The relief is smaller and the topographical lines have 
gentler curves. In travelling east and west, east-facing scarps of less 
altitude than those of the Canyon group alternate with singular regularity 
with long, gently westward-dipping, mesquite-covered slopes, wit hhere and 
there sandstone-capped hills sustaining a growth of black-jack oak inter- . 
vening to. break the monotony. 

Division-s.-The Cisco group has been divided into six formations i 1im­
ited stl'atigraphically by pel'sistent and recognizable limestones or calca­
reous sandstones which occur at the tor> of each, as follows: 
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Putnam formation 
Moran formation 
Pueblo formation 
Harpersville formation 
Thrifty formation 
Graham formation 

Each formation contains several mappable members and lentils of lime­
stone and sandstone, and several shale beds; but the divisions are not so 
clearly distinguished nor in general so easily traced in the field as are those 
of the Canyon Group. 

GRAHAM FORMATION 

Name and Stmtigmphic Position.-The lowest division of the Cisco 
group is the Graham formation, named from the county seat of Young 
County where the formation is typically developed and where in the early 
days many of the type fossils of the Texas Pennsylvanian were collected 
by Dr. A. B. Gant, W. F. Cummins, Dr. J. P. Smith, and others. The 
formation as here defined includes all the strata from the top of the Home 
Creek limestone in the Canyon group to the base of the first sandstone 
above the Wayland and Gunsight fossiliferous beds, known as the Avis 
sandstone. It lies disconformably upon the Canyon group. Younger 
members of the formation overlap the older beds toward the south and 
progressively in turn rest upon the Home Creek limestone . . At the top 
the Thrifty formation in places is unconformable upon the upper member 
of the Graham formation, the Wayland shale having been removed before 
the deposition of the overlying sandstone. The formation is distinguished 
from the strata of the Canyon group below by its thinner limestone mem­
bers and from the strata of the formations above by the very prolific and 
persistent group of fossils which occur in the shales Of the upper members. 

Extent and Thic7cness.-The outcrop of the Graham formation has been 
mapped from Avis, in Jack County, through Jacksboro and Bryson to 
Graham, in Young County, and thence southwest across the eastern edge 
of Stephens County through Ivan, Necessity, and Gunsight to Eastland, 
in Eastland County. South of Eastland it passes beneath the Cretaceous 
sands and reappears again three miles east of Blake from which place it 
has been traced through Brown County across the extreme southeast 
corner of Coleman County to Brady. In northern Jack County the outcrop 
is 13 miles wide but it narrows progressively southward; in Stephens 
County it has a width of 10 miles; in Eastland County, 7 miles; in northern 
Brown County, 3 miles; and in central Brown County, 1 mile. This nar­
rowing of the outcrop is due to the playing out southward of several 
thick sandstone lentils and limestones and shales which are well developed 
in Jack County (Figure 14). The thinning may be due partially to erosion 
of the upper layers of the formation before the deposition of the overlying 
formation, but largely to non-deposition of the lower member off shore. 
In Jack County the total thickness of the beds is 600 feet, in Eastland 
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County, 350 feet, and in Brown County the average thickness is only 
60 feet (columnar section No.2, Plate II). That this unusual thinning 
is real and not due to error in correlation of beds in the Colorado River 
Valley with those of Eastland County is proved first by tracing the Waldrip 
coal above and the massive Home Creek limestone below, two layers that 
can hardly be mistaken. The interval between these two layers is about 
340 feet in 110rthern Brown County and 700 feet in Jack County (col­
umnar section 8, Plate II) ; further, the very fossiliferous Wayland and 
Gunsight members at the top of the Graham formation have been traced 
from Avis, in northern Jack County, to Weedon School, in Brown County, 
but the lowermost members represented in the north do not appear to be 
present south of Stephens County. 

Noteworthy Exposures.-The most noteworthy and accessible locations 
where the Graham formation is typically exposed are along the road from 
Barton's Chapel to Avis, in Jack County; along Salt Creek just west of 
Graham, in Young County; at South Bend on the Brazos River 10 miles 
southwest of Graham, in Young County; one mile southeast of Gunsight, 
in Stephens County; and at Byrd's Store and Weedon School, in Brown 
County. 

Lithologic Character.-The formation as a whole changes so much in 
character from its thick massive sandstones and numerous and varied 
limestones and shale members in Jack County, to its thin, predominantly 
calcareous shales and limestone phase in Brown County, that in order to 
describe accurately its characteristics, it is almost necessary to discuss 
the different members and units separately in the respective areas. One 
of the most persistent features of the formation is the very prolific and 
characteristic fauna of the Wayland shale, rich in Lophophyllum pJ'ofun­
dum, MaTginifem lasallensis, and other fossils. Another persistent fea­
ture is the wide occurrence of the Campophyllum-bearing Gunsight mem­
ber. In the Colorado River Valley near the top of the Graham formation 
are two thin, persistent limestones a few feet apart which are equivalent 
to the Gunsight limestone of Stephens County, and which contain abund­
ant specimens of Campophyllum torqu,ium. The corals weather out in 
great quantities, lying strewn along the edge of the outcrop like small 
pieces of driftwood along a beach~ The bed was called by Drake the 
"Campophyllum bed;" and apparently at no other place in the section did 
this form of life become so numerous or widespread. 

Subdivisions.-In the Colorado River Valley the Graham formation is 
divisible into three members. In the northern districts, however, several 
other mappable units are present in the lower portion of the section which 
can not be traced into the southern districts. The divisions recognized 
are as follows: 
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Colorado River Valley 

3. Wayland shale 
2. Gunsight limestone 
1. Bl uff "Creek shale 

Brazos River Valley 

7. Wayland shale 
6. Gunsight limestone 
5. South Bend shale and sandstone 
4. Bunger limestone 
3. Gonzales Creek shale and sandstone 
2. Jacksboro limestone 
1. Finis shale and sandstone 

Finis Shale.-The oldest portion of the Graham formation may be found 
in Jack County. The basal strata consist of sandy shale with interbedded 
sandstone 50 to 100 feet or more in thickness, which rest on the Home 
Creek limestone at the top of the Canyon group. This member is named 
the Finis shaie. "It may be identified southward from its type locality 
by its position between the massive Canyon limestones and the Jacksboro 
limestone of the Graham formation. 

Jacksboro Limestone Lentil.-In the vicinity of Jacksboro, county-seat 
of Jack County, two limestone beds, separated by about 12 feet of sandy 
shale and sandstone, appear above the Finis shale. From typical ex­
posures in this area the limestones are named the Jacksboro member. 
The lower limestone bed has been traced from Jacksboro into the south­
east corner of Young County where it is found to lie nearly midway be­
tween the Home Creek limestone of the Caddo Creek formation at Finis 
and the succeeding Bunger limestone of the Graham formation, but it 
could not be followed south of the Brazos River. It is quite likely that 
the Cflddo-Breckenridge district was at, or close to, sea-Ie:vel dur~ng the 
beginning of the Graham sub-epoch,as there are coal beds and sandstones 
carrying plant remains here which do not occur in Jack County. The 
upper layer of the Jacksboro limestone lentil is well exposed in a quarry 
southeast of the town of Jacksboro but can be traced southwestward only 
five or six miles where it changes to a calcareous sandstone. Eastward 
from Jacksboro it grades into shale. The total thickness of the two beds 
of the Jacksboro limestone is about 25 feet. 

The lower limestone bed of the Jacksboro lentil is dark gray weathering 
to a rusty yellow in color, hard, crystalline and less than a foot in thickness. 
Everywhere it is filled with the coral Campophyllum" torquium, which are 
so firmly cemented together that they form a part of the rock and do not 
weather out as do the specimens in the limestone of the Gunsight beds. 
So closely are the corals spaced that a broken slab of the limestone shows 
sections of a dozen or more corals in every square half foot. The upper 
layer is poorly bedded, massive, and shaly, 6 to 18 feet thick, and very 
fossiliferous in places. This bed is not persistent but grades into shales 
northeastward and changes to a calcareous sandstone southwestward. 
The shale intervening between the two limestone beds of Jacksboro, is 
locally very fossiliferous. The fauna is similar to that of the upper shale 
beds of the Graham formation but is distinct in its abundance of Rhipido­
mella pecosi and some other fossils, which are absent or only slightly repre-
sented in the Graham shale beds: " 
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The type section of the Jacksboro member measured by J. G. Burtt 
describes the individual strata. 

Section of the [ower portion of the Graham formation five miles south of 

Jacksboro, Jack County 

Measured by J . G. Burtt. (A in fig. 13) 

Thickness 
GRAHAM FORMATION- Feet 

Jacksboro Limestone 
5. Limestone, poorly bedded, shaly, changes to calcareous sand west-

ward ........ .......... .. ... .. ........................................ ~... . ......... . .................... 18 
4. Sandstone, massive, cross-bedded, ferruginous, changes to yellow­

gray shale eastward, upper members shaly in places, ve:ry fos-
siliferous ............. ............. .................................... ....... .... . .................... 12 

3. Limestone, hard, smooth, pure, contains an abundance of Ca1npo-
phylluJIL to?·quiu1n........... ................ .................. .............. ...... ............... 4 

Finis Sandstone and Shale 
2. Sandstone and shale, poorly exposed .......... ......................... : . .. ............ '" 45 

CADDO CREEK FORMATION 
Home Creek Limestone 

1. Limestone, thin-bedded, white, contains few poorly preserved corals 5 

Gonzales CTeek Shale and Sandstone.-In southeastern Young County 
about 230 feet of shale and sandstone occur above the Jacksboro limestone 
beds. This portion of the Graham is named the Gonzales Creek member, 
from a creek in Eastland County. South of Young County the Finis and 
Jacksboro beds become thinner and perhaps pinch out, as the fossiliferous 
Jacksboro shale bed has not been fou·nd in Stephens or Eastland counties. 
The Gonzales Creek beds, therefore, rest directly on the southern extension 
of the Finis shale. 

The Gonzales Creek beds occur in the Brazos River Valley beneath the 
Bunger limestone from its outcrop at Bunger south as far as the Creta­
ceous outcrop south of Eastland. They are not found in the Colorado 
River Valley where the Bunger limestone appears also to be absent. 
Northeast from Bunger the beds can not be differentiated definitely farther 
east than Finis, for the Bunger limestone changes to sandstone and a great 
thickness of sandstones and conglomerate appears at this horizon, indi­
cating a shore phase of the beds. 

The Gonzales Creek beds consist of poorly bedded, lenticular, dark brown 
sandstones, sandy shales, red clays, gypsiferous black clays, a limestone 
lentil, and a coal bed. The carbonaceous shale and coal occur in the area 
near the Brazos River south of Finis and in the outcrop west of Caddo at a 
horizon about 30 feet below the Bunger limestone lentil and 200 feet above 
the Home Creek limestone. To the south the coal shales grade into sandy 
strata. The sandstones are very lenticular and the shales variable, so 
that no section typical for the · beds can be given. In the district north­
west of Eastland are two thin, brownish-yellow, impure limestone lentils. 
The upper occurs about 30 feet below the Bunger limestone and is more 
or less continuous in the area between Caddo and Eastland. The lower 
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bed lies 80 feet below the Bunger and 175 feet above the Home Creek lime­
stone. It may be seen along the road eight miles due north of Eastland 
and can be traced southwestward nearly to the town of Mangum, although 
in many places it is obscured by sandstone debris from the overlying 
strata. It is a grayish-white, shaly limestone poor in fossils, and in 
stratigraphic position corresponds to the Jacksboro bed but is doubtless 
only a lentil as it plays out in southeastern Stephens County and does not 
extend south of the Cretaceous sand belt. It is important only as a key 
rock in working the structure of the northwestern portion of the Ranger 
field. For the most part, the Gonzales Creek beds are irregularly bedded 
sandstones and shales. The shales just above the coal seam at Finis and 
one mile west of Caddo are very fossiliferous. The fauna resembles that 
of the shales near J aeksboro but is characterized by a large number of 
ramose bryozoans, the rather uncommon brachiopod DeTbya bennetti, and 
other forms. This fauna has not been discovered south of Eastland 
County. 

Bunger Limestone Lentil.-The prominent limestone lentil that overlies 
the Gonzales Creek shale and sandstone is named the Bunger limestone 
lentil from the town of Bunger, a small town in southern Young County 
seven miles south of Graham. The division is best exposed around the 
north and west sides of the big curve of the Brazos River five miles south 
of Graham, and from here it has been traced southward east of Ivan and 
west of Caddo across the east end of Stephens County to the Cretaceous 
sand outcrop west of Eastland. South of the CI-etaceous sand it has not 
been recognized. Northeastward from South Bend the limestone has been 
traced nearly to the Jack County line where it occurs about 225 feet above 
the Jacksboro limestone. It varies in thickness from two to eight feet 
in Young County; . in Stephens County it is commonly one to three feet 
thick and forms the top of a low escal·pment. 

The Bunger limestone lentil in places is dark yellowish-brown, quite 
dense, and heavy; in other areas it is light gray, impure, and massively 
bedded. The member is thickest in the South Bend area of Young County 
and is thinnest in Eastland County. In Stephens County the limestone 
has a rusty, dark gray color and caps a low escarpment. West of the 
escarpment it has a wide outcrop and forms an excellent key rock for 
structural mapping. 

South Bend Sandstone and Slwle.-Above the Bunger limestone lentil 
and below the lower limestone of the Gunsight bed are 50 to 110 feet of 
light gray, fine-grained, lenticular, ripple-marked sandstones and blue­
gray, sandy, fossiliferous shales. The member is typically exposed at 
South Bend, in southern Young County, and thins southward . In Eastland 
County it has an average thickness of 60 feet and does not occur south 
of the Cretaceous overlap in the Colorado River Valley. In a small out­
lier two miles northeast of South Bend is a typical exposure of these beds 
which has been studied by many geologists in examining the structure 
of the South Bend oil field. The section measured by 1. J. Broman is given 
on page 133. 
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Gunsight Limestone.-The Gunsight limestone has been named for the 
small town of Gunsight, in Stephens County, located halfway between 
Breckenridge and Cisco. The bed varies somewhat in different counties 
but commonly consists of two thin limestone layers separated by 20 to 25 
feet of yellow shale. In the Brazos River Valley it is separated from the 
Bunger limestone below by 60 feet of shale and sandstone, called the South 
Bend bed. In the Colorado River Valley it rests upon the Bluff Creek bed. 

The Gunsight limestone beds have been traced from Avis,in Jack County, 
10 miles north of Jacksboro. to Dakin, Graham, and South Bend, in Young 
County, east of EIiasville, Ivan, and Necessity to Wayland and Gunsight 
in Stephens County, thence southward, crossing about halfway between 
Eastland and Cisco, to the Cretaceous overlap north of Romney in East­
land County. South of the Cretaceous sands it has been traced southward 
across Brown County from a point east of Blake, near Byrds Store, through 
the Weedon SchooL district and Thrifty to Trickham in Coleman County, 
and on to the Bend outcrop at Brady in McCulloch County. 

The Gunsight limestone layers, because of their extent through the rich 
oil fields of north Texas, have been used so much for working out structure 
and correlating beds in separated areas that their characteristics and va­
riations are well known. In Jack County the limestones are obscured in 
many places by slump and slope wash of the thick overlying sandstones. 
At Avis, in Jack County, only one layer of limestone is exposed below the 
sandstone covering. Here it is a thin, ferruginous, hard, grayish-yellow, 
non-fossiliferous limestone. In Young County two limestone layers are de.,. 
vel oped in places but do not contain the typical coral beds so prevalent 
farther south. At the type locality at Gunsight the upper limestone 
layer is a uniformly thin, light yellowish-gray, densely crystalline bed 
weathering to smooth-surfaced blocks. The lower layer is separated from 
the upper by 22 feet of soft yellow clay shale and consists of a soft white 
or light buff limestone in most places filled with Campophyllum torquium, 
which weather out on exposed slopes so abundantly that in some places 
they can be scooped up in cart loads. In Brown County about 12 feet of 
shale separates the two limestones, and both are filled with these corals 
and also contain Fnsulina and a few other common fossils. 

Wayland Shale.-In most places, both in the Brazos and Colorado River 
Valleys, the Gunsight limestone is overlain by 20 to 100 feet of very fos­
siliferous shale which is here named the Wayland shale. It constitutes the 
uppermost member of the Graham formation. By reason of its character­
istic and very persistent fauna, it has been possible to trace the Wayland 
horizon from northern Jack County from point to point in Young, Stephens 
and Eastland counties into Brown County in the southern part of the 
Texas Pennsylvanian outcrop. The Wayland shale varies in thickness and 
in some places is entirely wanting, the basal, more or less conglomeratic 
sandstone of the Thrifty formation resting directly on the Gunsight lime­
stone. This appears to represent a local break in sedimentation. 

Detailed Sections.-The following sections describe in more detail the 
variations of the beds in the different districts. At A vis, though the beds 
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are poorly exposed, they have been recognized by the characteristic group 
of fossils which has weathered out of the Wayland shale along the base 
of the escarpment one and one-half miles east of town, where the following 
section has been measured: 

Section of upper part of the Graham formation in south-facing scarp 1 * miles 
east of Avis, Jack County 

(C in fig. 13) 
THRIFTY FORMATION-

Avis Sandstone 
Thickness 

Feet 
15 4. Sandstone, coarse, Teddish-bTown, and gray .................. ....... ................ . 

GRAHAM FORMATION-
Wayland Shale 

3. Shale, light gray, sandy.. ........................................................................ 75 
2. Shale, yellowish-gray, f erruginous concretions, very fossiliferous.... 10 

Gunsight Limestone 
1. Limestone, yellow, impure................. ... .. .............. ........... ....... ................ 1 

From A vis southwestward to Berwick the limestones are either absent 
or covered by the loose sand weathered from the A vis escarpment. About 
one and one-half miles west of Bryson, however, one limestone, and in 
places two, outcrops in low benches below the sandstone ledge north of the 
town, and can be traced southwestward to Bryson. The fossiliferous Way­
land shales are absent in places, and the coarse 'conglomeratic Avis sand­
stone lies in direct contact with the upper limestone bed as shown in the 
following section: 

Section of the upper part of the Graham formation measured along the roadside 1 * 
miles west of Berwick to an outlier one mile southwest of town 

THRIFTY FORMATION 
Avis Sandstone 

(D in fig. 13) 

Thickness 
Feet 

8. Conglomerate and coarse calcaTeous sandstone. ........ .......... ....... .......... 10 
GRAHAM FORMATION-

Gunsight Limestone 
7. Limeston e, hard, dense, impure, weather s to large blocks. ................... 5 
6. Shale, calcareous, in places fossiliferous.............. ........ ......... ................. 15 
5. Limestone, thin, impure, yellow-gray........ .......... ... ............ ................... 1 

South Bend Shale 
4. Sandstone, coarse, brown.................................. ........ ... ........................... 10 
3. Shale, sandy (not exposed) ........................... .............. .. ...... .................... 110 
2. Sandstone, very calcareous; yellow-brown, highly fossiliferous, es-

pecially abundant in Spirifers and Fl~sulina.. . . . ........ ... .................. .. 1 
1. Shale, dark blue, contains f erruginous concr etions.. .. .......... ................ 100 

Base not exposed. 

Total of Graham formation measured .. , ..... ...... ............. .... ... .......... 242 
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In the section above, the Bunger limestone is not present, and the first 
limestone bed below Bed No. 1 of the section is the J acksboro. 

Following the sandstone escarpment southwestward to a point north of 
Dakin and six miles northeast of Graham, both limestone members are 
preSent ahd separated by 25 feet of shale and coarse calcareous sands, as 
shown in the following section: 

Section of upper part of the Graham formation along small branch one mile north of 

Dakin, Young County 

THRIFTY FORMATION­
Avis Sandston e 

By J, G. Burtt. (E in fig. 13) 

Thickness 
F eet 
10 Sandstone, dark red, congl omeratic in places .. ............. ... ........ .. ................ ... . 

Sandstone and sandy shale, unfossilifer ous .............. ... ...... .......... .. .. ..... ..... . 
GRAHAM FORMATION­

Gunsight Limestone 
. Limeston e, gray-buff,har d, foss ilife rous, weather s into irregular -shaped 

15 

chunks ...... .. ...... ........... .... .............. ....... ........................ ..... ... .... .... ...... ....... . 5 
South Bend Shale 

Shale, gray.... .......... ........ ................................................. ......... .................. .. .. 5 
Sandstone, dark-colored, massive, coarse-grained, in places containing 

lenses of p ebble conglomerate............. ... ...... .................... .............. .......... 12 
Shale , calcareous, sandy ....... ................ .......................... .. " .. .. ... ..... ... _ ... ___ .. ___ 20 
Base not exposed .. 

Total of Graham formation measured._ ... __ . __ ...... _ .. _. ____ . __ ... ___ ._ .. _._._._ ___ __ 42 

Westward, in the vicinity of Graham, t he upper limestone is absent, but 
. the lower bed is found in places where it is not covered by the slump from 

the overlying sandstone, and in most places a very thin layer of fossiliferous 
shale lies between the limestone and the conglomerate above. Excellent 
exposures may be seen along Salt Creek west of town, especially at the dam 
where the section was . described and fossil collections made by Cummins 
in 1889. A in Figure 15. 

Section of the upper part of the Graham formation at the dam an Salt Creek, 

one mile west of Graham, Young County 

THRIFTY FORMATION­
Avis Sandstone 

(F in fig. 13) 

,5. Conglomerate, hard, massive, made up of angular pebbles in a 
111atrix of sand ...... .. _ .. ... _. ___ ._ .. __ . ___ ..... . _ .. _. _____ __ _ ._ .. _ .. _. __ .. _. ___ _ ._ . ___ __ ... _ .. __ _ 

GRAHAM FORMATION­
Wayland Shale 

4. Shale, dark blue, soft, very fo ssiliferous ....... ................... ...... __ .... ......... . 
Gunsight Limestone 

3. Limestone, hard, yellow, fossi liferous .. .................. ...... .. _ ........ .... .......... . 
2. Shale, blue, gray, soft ........ .... .. ....... .... ......... ... ................... ....... ............ . 
1. Sandstone, hard, lenticular, cross-bedded ....... .. ..... .......... .... ........ .... .... . 

Base not exposed. 

Thickness 
Feet 

15-20 

10 

1 
60 
10 

T otal of Graham f ormation m easured ... ........ .......... ....... ................. . 81 
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Southwest of Graham the limestone either changes to calcareous sand, 
is concealed by the sandy debris from the overlying Avis sandstone, or 
has been removed by erosion before the deposition of the sand, for although 
the sandstone escarpment may be easily traced southward west along the 
Graham-South Bend road to the Brazos River, in most places no limestone 
can be found. Two miles south of South Bend a limestone occurs on the 
top of an outlier of sand, and 50 feet below it is another limestone lentil 
that contains large numbers of Can~poph?Jll'Un~, characteristic of this bed 
farther south. The correlation of these beds with the typical Gunsight 
limestone is roosonably certain. 

A section measured two miles south of South Bend is as follows: 

Section of the upper part of the Graham form~tion two miles south of 

South Bend, Young County 

B y 1. J. Broman. (B in fi g . 13) 

GRAHAM F ORM ATION­
Gunsight Limeston e 

·Thickness 
F eet 

.12. Limestone lentil, g ray, exposed on top of hill west of Go ode No.1 
well, changes to calcareous sand or is absent northwarcL.. ...... .... <\ 

11. Shale ... ............ ........................ ...... .... ...... .. ............................................. 3 
10. Sandston e, coarse' , dark br,1wlL..... .. ........ ..... .................... ...... ............. 10 

9. Shale, sandy, cover ed with loose sand..... ........................ ......... ....... ... 15 
8. Sandstone, coarse, r eddish-brown..... .. ..... .... ......... ... . .................. ..... ... 10 
7. Shale, fossiliferous... .......... .............. ..... .... .......................... ... ....... ...... .. 12 
6. Limestone lentil changing to sand eastward, fo ssiliferous in places, 

rich in cr inoid fragments and in placl's many CWllipophylimn 2 
South Bend Shale 

5. Sandstone, gray, ripple-marked, grains medium-sized, calcareous.. ... . 15 
4. Shale, sandy, light gray, fine-textur ed........ ..... ... ... ......................... .... 43 
3. Shale, soft, blue, contains many yellow and r ed li mon ite concre-

t ions, foss il iferous.................... ..... .... ............... .... ..................... ....... 22 
2. Shale, soft, gr ay, streaks of black shale.. ....... ...... ... ..................... ....... 27 

Bunger Limest on e Lent il 
1. Limeston e, hard, gray, massive, thick-bedded........................ ... ......... 12 

Total thickness... .................................... .......... .............. .......... ..... 175 

Southwest of South Bend only one limestone layer is present. It out­
crops east of the town of Ivan, and from here it can be traced southward 
through the oil fields to Gunsight. It is a buff-colored, slabby, pitted lime­
stone about one and one-half feet in thickness. In places it forms a low 
escarpment and in other s a somewhat slumped ledge near the base of an 
escarpment formed by higher limestones of the Thrifty formation. In the 
section at C. J. Mountain seven miles northwest of Breckenridge the lime­
stone lies 100 feet above the Bunger limestone lentil. Three miles north 
of Necessity, on the Swenson Ranch, both limestones are present and char­
acteristically developed, as shown in the following section: 
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Section of the upper part of the Graham formation, Swenson Ranch, 3 miles north of 

Necessity, Stephens County 

Measured by J. G. Burtt. (C in fig . 13) 

GRAHAM FORMATION-
Gunsight Limestone 

Thickness 
Feet 

17. Limestone, light gray, nodular ......................... .. ... , .... ......... ... "" " ""'" 5-20 
16. Shale, gray....... ......... ... ... ... ..................................................... ...... ........ 20 
15. Limestone, yellow-gray, fossiliferous, Campophyllum tO~'quium in 

abundance .. ... .... ..... ..... ............. ... .. ..... .... .. ... ............... ........ ............ 3 
South Bend Shale 

14. Shale ....... ............ ....... .................... ... ........ ........................ ................... 4 
13. Sandstone, soft, light gray... .................. ................. ................ ............ 8 
12. Shale ......... ........................ ... ..... ..................... ... .. ...... ............................ . 60 
11. Sandstone, soft, lenticular.. ..... ......... ... ......................... ............ ............ 10 
10. Shale .................................. ...... .................. ..... ............... ...... ........... .... . 25 

Bunger Limestone lentil 
9. Limestone, smooth, yellow, gray, weathers into blocks..................... . 3 
8. Shale, gray .. ..... ... :..... ... ........ ................ .................. ....... ........ .... .............. 12 

Gonzales Creek shale 
7. Limest one, sandy........ ...... ... ..... .... .... ... ....... ........ .......... ....... ..... ............ 2 
6. Shale ...... ............... ........... .......... .......................... ........................ "........ 18 
5. Lignite and black shal e. .... ....... ......... .. ........... ....... .................. ............... 2 
4. Shale (?), (mostly covered) ....... ...... ....... .................. ........... .... .... .... ... 41 
3. Limestone lentil, gray and yellow, pitted surfaces and weathers 

into angular blocks.... .. .... ..... ... ........ ..... .. ................................ ....... .... 5 
2. Shale .......... .................... .... .. ......... ............. ... ... ..... ..... ........ .......... .. ..... ... 12 
1. Sandstone, nodular.... ....... ........ ....... ... ........ .. ..... ... ............. .............. .... .. 6 

Total average thickness.............. .......................................... .... 236 

The upper limestone member occurs in the road at the town of Gunsight, 
and the lower bed filled with the Campophyllum corals forms a low 
escarpment two miles east of the town. One of the best fossil-collecting 
localities in north Texas is one mile south of Gunsight between the Breck­
enridge-Cisco and the Breckenridge-Eastland roads (Figure 16) . The 
fossils are found in the dark Wayland shale just a few feet above the lime­
stone, and the group is exactly the same as that at Wayland, South Bend, 
Graham, and Avis. 

A section measured at the locality one mile south of Gunsight, where a 
very large and beautifully preserved collection of Wayland shale fossils 
was obtained. is as follows: 
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Section one mile south of Gunsight where road to Cisco branches from road to 

Eastland 

THRIFTY FORMATION­
Avis Sandstone 

Thickness 
Feet 

13. Sandstone, dark-brown to r eddish, soft, massive, cross-bedded.......... 15 
GRAHAM FORMATION-

Wayland Shale 
12. Shale, light bluish-gray.. ... .............. .............. ............. ............... ...... .. ... 65 
II, Shale, sandy... ... ....... .......... ............. ............................... ..... ................. . 5 
10. Limestone, yellow, concretionar y, very fossiliferous... ............ ........... 1 

9. Shale, dark gray to blue, very fo ssiliferous..... .. . .......... ...................... 5 
8. Shale, black, carbonaceous, very fossiliferous..... ............... ........ .... ...... 5 

Gunsight Limestone 
7. Limestone, gray, nodular. ........ .. .. ........................... ....... ... .......... .......... 2% 
6. Shale, gray, san dy.................. .. .. ....... ... ... ....... ................. .. ................... 7 
5. Sandstone, gray, fin e-grained.. ....... ................................... .................... 2 
4. Shale, buff, calcareous...... .............. ............... .......... ...... ...................... . 11 
3. Limestone, gray, filled with corals.. ..... .. .... .... .... ......................... ......... . 2 

South Bend Shale 
2. Shale (not exposed) .................. .. ..... ..... .. ... .. ............................... ..... .. ... 40 

Bunger Limestone (?) .... .. ... .. . ..... ... .. .. ... ...... ............ .................... .......... ........... 3 
Base not exposed. 

Thickness of Graham f ormation measured.................. .......... 148% 

In Eastland County the limestone does not form an escarpment, and 
good exposures are less frequent than in Stephens County. Collections o± 
the Wayland fossils have been made at the base of the limestone-capped 
hill near the Cisco and Northwestern Railroad seven miles north of Cisco. 
The fossil bed is overlain by the typical brown Avis sandstone, and can be 
traced to the Cretaceous sand area halfway between Eastland and Cisco. 
About one mile south of Lem, in Eastland County, the beds are typically 
exposed and show the following section: 

Section .of the upper part of the Graham formation four miles west of Eastland, 

Eastland County 

Measured by C. A. Hammill. (H in fig. 13) 
Thickness 

THRIFTY FORMATION- Feet 
Avis Sandstone 

10. Sandstone, gray, calcareous.... ..... ................ .. .... ... .... .......................... 3 
GRAHAM FORMATION-

Wayland Shale 
9. Clay, light-colored, non-fossilifel'ous.. ........... .. ............. ........................ 25 
8. Clay, light-colored, soft, contains small yellow, f erruginous concre-

tions and many fossils...... ......................... .. ............................... .. .. .. 15 
7. Clay, dark blue, very fo ssiliferous... ....... .. ....... .... ................................. 5 

Gunsight Limestone 
6. Limestone, dark blue-gray, wea ther s to large blocks, very fossilifer -

ous, f ossils stand out in r elief on weathered surfaces.................. . 2 
5. Shale, dark gray, very fossiliferous..................... .......................... ..... 10 
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4. Shale, light y ellow, sandy ..... _ .... _ ... ... _ ................. __ ._ ................ _ ..... _. ___ .. 5 
3. Limestone, light gray to brown, sandy, in places nodular, and in 

other places a sandstone __ ..... __ ... _._ ............... _ ..... _. ____ .. _ .... _ .. _ .... _ .... ___ . 2-15 
South Bend Shale 

2. Shale, buff-yellow .... __ .. __ .. _ ......... .. _ .. _._. _ ... _ .... ....... _ ... . _ .. _._._ ........ ..... _ ...... _. 60 
Bunger Limeston e Lentil 

1. Limestone, hard, yellowish-brown, varying to reddish-gray. Fresh 
surfaces somewhat crystalline and very dark, weathering to small 
blocks with r ough surfaces ... ........... _ .. _ .. __ .. _ .. _ ... __ ........ _ .... _ .... _ ... ....... _. 21 

nasc of f ormation not exposed. 

Total thickness of Graham f ormation m easured .. .. ........ . _ ....... _ 158 

Gmham Fonnation in COlOTCtdo River Valley.-South of the Cretaceous 
overlap the Graham formation shows a thinning to less than 100 feet and 
includes basal shales of the Trickham, Campophyllum, and Bluff Creek 
beds of Drake. The name Campophyllum for the upper limestone mem­
bei' has been dropped and the more appropriate geographic name Gun­
sight substituted. Good exposures of the formation may be seen along 
Pecan Bayou, west of Old Byrds Store, at Weedon School, nine miles north­
west of Brownwood, and one mile east of Trickham near the Coleman­
Brown county line. In this southern area the Gunsight bed is made up 
of two yellowish-gray limestones characterized by a great abundance of 
Campoph?Jllum t01'q'lti'ltm and Fusulina, and between these two beds are 10 
to 20 feet of yellow fossiliferous shale. In places the limestone thickens 
and the clay parting thins until the series is nearly one single massive 
limestone bed, filled with corals. . 

The Bluff Creek bed below consists of sandy clay and thin calcareous 
sandstones 70 feet thick at the north end, thinning to 30 or 40 feet farther 
south. In places a thin yellow limestone has been mapped in the middle 
portion of the shale, and this may be equivalent to the Bunger limestone 
of Young and Stephens counties. The upper portion of the Bluff Creek 
bed is in places very fossiliferous, and the fauna is similar to that of the 
Wayland shale at Gunsight. 

The following section measured along the outcrop of the Graham forma­
tion in the southern area gives additional details concerning the character 
of the strata: 

Section of the upper portion of the Graham formation at Weedon School, twelve 

miles northwest of Brownwood 

Measured by Grady Kirby. 0 in fig. 13) 

THRIFTY FORMATION- Thickness 
Avis Sandstone F eet 

15. Sandst one, conglomer atic in places .. ___ ..... .. ___ .... _ ..... _ .. _ ... ..... _ ........ _._ .. _ 0-60 
GRAHAM FORMATION-

Gunsight limestone 
14. Lin1estone, gray .. ..... _ ...... __ .. _. __ .. __ ... _ ... _ ...... _ ........ . _ .... ...... ...... _ ...... _ .. _ .... __ 4 
13. Shale, yellow, contains limonite concretions, in places very fossilif-

er ous ·· .··-·--.--· ..... ·· .. --. ·0.- ... . . · ..... -........ ... . -... .. . _ ... _ ... . .... . .. _ ... _. ,. _ ... . . . .... . _. 10 
12. Limestone, gray, abundance of Cump01Jhylimn tOTqu.iU-?n ... .......... __ .. _ 1 
11. Limestone, fo ssilif erous, and calcareous shale._ .. ___ ...... .... _ .. __ .. _ .... __ ._. 10 
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10. Limestone, grayish-yellow, filled with Cumpophyllum t01'quiu?n 
and Fusulinu ........................................... ··. ................. ............. .......... 1 

Bluff Creek Shale 
9. Shale, gray, yellow, fossiliferous....... ................................................. 17 
8. Limestone, reddish-brown, contains crinoid fragments...................... 2 
7. Shale ........... .. ~............................... .... .............. .... ......... ...... .................... 5 
6. Limestone, gray ........................................................... · .... · .. ·................ 7 
5. Shale ...................................................................................................... 10 
4. Sandstone ............................................................................................ 4 
3. Shale ........................................................................................... ......... 7 
2. Limestone, . contains many FusulincL......................... ......................... 2 
1. Shale ....................................................................................................... 20 

Total thickness ............. ....................... ,..................................... 100 

Section of the Graham formation five miles south of Bangs, on Richard Nixon, James 
Bird, and Waller County School Land Survey 
Measured by C. A. Hammill. (J in fig. 13) 

GRAHAM FORMATION-
Gunsight Limestone 

Thickness 
Feet 

12. Limestone, gray, contains wavy yellow lines, full of Cumpophyllum 
t01'quiu,m and Fusulinu, weathers to rounded boulders and quan-
tities of loose corals ............... ...................................... .................. . 

11. Shale, dark red and yellow ................................................................ .. 
10. Limestone, gray and yellowish-gray, filled with Cumpophyllu?n 

torquiwin ........................................................................................... . 
9. Shale, buff ............................................................................................. . 
8. Limestone, yellow-gray, weathers to shaly chips, full of Fusulinu 
7. Shale, yellow ......................................................................................... . 
6. Limestone, gray, in places contains Fusulina and corals, forms 

prominent escarpment ....................................................... ~ ............. . 
Bluff Creek Shale 

5. Shale, buff, sandy in places .... ........... ............................. .. .................. . 
4. Limestone, gray, nodular, full of SY1'ingopo1'u and Fusulina .......... .. 
3, Shale, buff ............................................................................................ .. 
2. Lilnestone, soft, shaly ........................................................................ .. 
1. Shale, buff .......................... ......................................... .. ........................ . 

Home Creek Limestone 
Total thickness ............................................................................. . 

3 
12 

3 
12 

1 
4 

2 

12 
2 
9 
1 

14 

75 

N ear the south end of the outcrop west of Brady the limestone beds are 
thicker and the shale partings thinner, as shown in the following section: 

Section of the Graham formation along Live Oak Creek, three miles northwest of 
Brady, McCulloch County 

(K in fig. 13) 

GRAHAM FORMATION­
Gunsight Limestone 

Thickness 
Feet 

6. Limestone, hard, bluish, contains Fus1ilina, weathers into rough 
nodules ............................................................................................... . 

5. Clay ........ ...... .. .............................................. ................. ...... ............ ...... . 
4. Limestone, massive,bluish-gray, fossiliferous ................................... .. . 

Bluff Creek Shale 
3. Cla y, sandy ...... .............................. ................ .. .............................. .... ... .. . 
2. Sandstone, calcareous ........................................................................... . 
1. Clay, sandy, caicareous ... ........... ........................... ........... ....................... . 

14 
1 

10 

20 
10 
40 

Total thickness........... ............... .................................................. .... 95 
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Paleontology.-Fossil collections have been made at a number of differ­
ent horizons in the Graham formation and at a considerable number of 
places from north to south across the outcrop. Some of the beds, both 
limestone and shale, are among the most fossiliferous in the whole north 
Texas Pennsylvanian. Since, furthermore, the fossils are for the most 
part excellently preserved, the paleontologic study of the Graham is a 
fascinating field for the collector. However, the only horizon which has 
been traced in some detail by means of its fossils is the uppermost member 
of the formation, which is here named the Wayland shale. Collections have 
been made from point to point along its outcrop from northern Jack County 
to Brown County. At every locality where the member is adequately 
exposed, the prolific and characteristic fauna of this horizon is identified. 

The chief fossiliferous horizons of the Graham formation are associated 
with the Jacksboro, Bunger and Wayland members in the Brazos River 
Valley, and with the Gunsight and Wayland in the Colorado River Valley. 

The Jacksboro limestone, as already indicated, is characterized by a pro­
fusion of corals belonging to the species Campophyllum t01"quium. Some 
parts of the limestone are composed of nothing but this coral. In 
the shale between the two beds of the Jacksboro is found, in some places, 
as southeast of Jacksboro (locaiity 53.8), a very prolific fauna which is 
very much like that of the other shale faunas of the Graham and the 
Wewoka. The Jacksboro collection appears to be characterized chiefly 
by an unusual number of small shells of the brachiopod Rhipidomella 
pecosi, a form which is rather uncommon in other parts of the Graham 
and most of the Texas Pennsylvanian. It is also marked by the muth 
less prominent development of some of the species like LophophyUum 
pTofundum and AstaTtella concent1'ica which are so abundant in the col­
lections from the Wayland shale. A collection of Jacksboro fossils made 
from a cut on the Rock Island railroad southeast of Jacksboro is listed 
below. 

Species marked by an asterisk ( *) in the following faunal tables of the 
Jacksboro, Bunger and Wayland members of the Graham formation are 
also present in the Wewoka formation of southern Oklahoma. Those rep­
resented in the Wewoka by doubtfully identified or closely related species" 
are marked by a dagger (t). 

Fauna of the Jacksboro Member, Southeast of Jacksboro 

(Locality 53.8) 

* Lophophyllum profundum 
Campophyllum torquium 
Syringopora multattenuata 

. tHyd1'eionoC?'inus sp. 
tD eloc1'inus sp. 
tCrinoid stems and plates 
t A nheocidaris sp . 
tFistulipom sp. 
tTabulipom sp. 
Fenestella sp. 
Polypora sp. 

tEdmondia sp. 
':'Nucula anodontoides ? 
*Nuculopsis ventricosa 
*Leda bellist1'iata 
':'Yoldia glabm 
ConocM'dium sp. 
Myalina sp. 

tSchizodus sp. 
t A viculopecten sp. 
*Asta?·tella concentrica 
t Belle?'ophon C?'assus 
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* RhombopO?'a lepidodend?'oidea 
tLingula sp, 
Rhipidomella pecosi 

*Chonetes g1'c£nulife?' ? 
Chonetes ve1'1wuil·iCLnUS 

* De?'bya crassa 
* Productus C01'a 
*P1'oductus in/latu s colo1'CLdoensis 
* M a?'ginij'e?'a splendens 
* Pustula nebmskensis 
* Pugnax osagensis 
*Rhynchopora i llinoisensis 
Dielasma bovidens ? 

*Spirife1' camemtus 
Spi1'i!m' texc£nus 

*Squarnula1'ia pe1'lJlexcL 
* A mbocoelia lJlanoconvexa 
*Spi1'i!m'ina kentuckiensis 
*Hustedia mo?'moni 
*Composita subtilita 

* Patellostium mont!o1·tianu.m 
';'E1Lphemus ca1'bona?'ius 
';'Pharkidonotus perca1'incLtus 

Orestes b1'azoensis 
';'Phane1'otrema grayvillense 
*Wo1·theni tabulata 
;'T?'epospir'a dep1'essa 
*Schizostoma catilloides 
':'M ee/cospir'a peracuta choctawensis ? 
tZygopleum sp, 
tSphae1'odoma sp, 
* p,seudo?·thoce?'as knoxense 
';'Metacoce?'as C01'nutum 
*Metacocer'as sculptile ? 
tMetacoce1'as sp, 
Tainoce?'as occidentale 

*Goniolobocer'as welleri 
tGastr'ioce?'as sp, 
tG1'iffithides ? sp, 

The Bunger member, in the middle portion of the Graham, is locally 
fossiliferous, the fossils occurring both in the limestone and the associated 
calcareous shales. The horizon is not so fossiliferous as the Wayland, nor, 
locally, as ' the Jacksboro, and the fossils are not in general so well pre­
served. Typical collections are those from a short distance west of Finis 
and southwest of Berwick which contain very abundant Spi1'ifer camemtu8, 
P1'oductus semiTeticulatus he'rmosanus ?, and Fusulina, but less common 
specimens of other species. As a whole the fauna is closely similar to 
that from the Wayland and the Jacksboro. Since the Bunger is not traced 
far south of the Brazos, no collections have been made except in the north­
ern area, The following table shows the species which have been identi­
fied in the collections made from the Bunger. 

Fauna of the Bunger Limestone Member 

1 LOCALITIES 

FAUNA 1 54.1 1 54.2 1 79.1 
tFusulina sp ................................... ..... "" ................ ...... .. " .. " .. .. "....... x x 
*Lophophyllum profundum .............................. ............ " ......... ......... x x 
*Lophophyllum profundum radicosull1 .............. ".... ........ .. .............. x .... .............. .. 

~~~~~~~;:i: ~;~l.~~.~~.~~.~.~.~~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ''''~''''I:::::::::: .... ~ .. .. 
tEupachycrinus tuberculatus ............................................................ .......... .......... x 
tEupachycrinus sp . .......... " .. " ...... .... " ...................... " .................. " ..... " ............ "" x 
tDelocrinus sp ............. " .... " .... " .......................... "".... ...................... .......... .... ...... x · 
tCrinoid stems ............. .. " .... "............................................................. x x x 
t Archeocidaris aculeata ...... ............ ".. ................ .............................. x ? 

Archeocidaris megastylus .............................. ............ ................ ".... x ................... . 
Archeocidaris sp, .............. .. " .. .......... .. " ...................... ".................... x ................... . 

tFistulipora nodulifera ........ ..................................... " .......... ............. "........ .......... x 
Fistulipora n, sp ... " ....... ".... ............................... .. ............................ x .................. .. 

tTabulipora sp. .. ...................... ........................ " .. " ........ " .................. ........... x x 
Fenestella sp. .. .... .... ........ ............................ ".... .............................. x x x 
Polypora sp ............ · .. " ........... ............ " .................................. "" ........ 1 x . x · x 

*Rhombopora lepidodendroidea ....................... · ............. · .. " ... " .. · .. · .. ·1 x x x 
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Fauna of the Bunger Limestone Member 

1 LOCALITIES 

I 54.1 1 54.2 1 79.1 

!~:;;'~~~~~::~;:~::~~;i' ·· ··~··· · I •••• · .•••• [~ 

:~~jf;f:J~~~:::~t l tltlr 
"Marginifera splel1dens -- ..... ..... ... ..... -.... ...... -- .. ......... ..... .... .... ........... \ x 1 ... . ...... 1 ... _ .. ... . 

tMarginifera lasallensis .......... ..... ....... ..... _ .. ... _ ................ ....... .... _ .... .. 1 x \ x , ..... -.. . -
*Pl'oductus inflatus colol'adocnsis .. ...... .. ..... -.. ... ................. ........ ..... . , x I x 
*Pustula nebraskensis ........ .. ....... ..... _ ..... ...... .................. .... .... .... .... ... 1 x x x 

Pustub sp ........... ....................... ........ .... .... -- .. ... .... _ .............. _ .... ...... . 1.......... x 

:i:~~:£"~:~~:~i~~;,~~;i, 1 ; .... ~ ........ ~ ... . 
* Ambocoelia planoconvexa ..... ....... ... ......... .... ......... ......... ..... ..... ...... \ x X x 
*Spil'iferina kentuckiensis ........ .. ..... .......... .. _ ................. .... .... ........... 1 x X 

*Hustedia mormoni .. ............... ..... .... ... ....... -..... .......... ..... ...... -...... .... . ! x x,' "-'-x.:-." 
*Composita subtilita _ ... __ ._ ............. ........ .... ....... .. .. _ .................. .. ...... _ .. 1 x X 

tEdmondia aspenwallensis ? .... ....... ..... ....... ............ .... -..... -.......... -.. . I x ... ...... ......... .. 

:~~~~~:p:~o~~~~~:~~:a 7._:::: ::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::: I ~ :::::::::: ::::::: _:: 
*Leda beUistriata ....... -.- .... . -... - ....... . ... -....... ... . -..... -.. -..... .... .. -..... . _ .... 1 x I : I .... ~- .. 
*~~~'~~~el~~:~·as;· ... :::::::::::::::::::::::::: ::::: ::::::: :::: :::::::::::::::::::::::::::::::::::::: \ ~ ! -.-....... 1 .. . .... .. . 

Conocal'dium sp . ..... .. .... ... .... ... ... ..... .... .. ...... ....... -..... -.. ........... ... .. ..... 1 x I-·· ·-·· ·-· ! .-. -... .. . 
!Pseudomonotis hawni ........... ....... .. --.. .. .. .. .......... .... ................ ... ..... .. \I .... .. . · .. I. . ... · .. ! x 

,r ~~~~:aecc:~:il~P ·t;ffi~~~ ·· ::::::: ::::: :: .. ::: ::::::: :::::::: :::::: ::::::: :::::::::::::::: ::: :: : .... ~. . . . :::::::::: I ... _~ .... 
t Allol'isma sp, ..... ....... ....... .. ......... .. ... --..... -......... --. ·····_.·······.·····.····.;·· 1 .. ·· .. · .. · ··· .... · .. 1 x 

: 1:~:~~:~i: ~~~~:n ~i~.~._ ... :._.:::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::: ~ ::::: :::: : I .... ~ .... 

i~:~:~~~E~S:;~:~~~ ... : .. ::::':::::::::::::::::::::::::::.:.:::::.:::::::: .. :::: .. ::::::::::::11 
... ; •.. 1 ••••. · •••• I •.•• ~ •••• 

*Patellostium montfortianum .. .... .. .... ... _ .. ....... ..... ............... _... ......... x / .... ...... 1 ......... . 

*Euphemus carbonarius ............. ....... ..... ... : ... ..... ..... ........ .................. \ x x 1 x 

* ~~::!~~lO~;:~l~e~:;sca.~~~~~u.~ .. ::::::: :::::::::::::::::::::::::::::::::::::::::::::::: ::::: i .... ~·· ··1 ::::::::::: : 
Pleurotomaria subscalaris ? ...... ...... _ ....... ......... ··· .. .. .. ·· .. .. ···· .. ···_··_·1 x 1··········1··-···- ·· 

*Phanerotl'cma grayvillense .. ....... ... .. ......... .................... .... ....... .. -... \ x 1 ... ....... 1 x 

:~:~?::;~ ::~~~:;i : I ..•• •••••• I •••• ~ •••• 
* Schizostoma catilloides ... .............. ... .. ......... ...... ................. ..... .. ..... .. 1 x 1··········\·· .. ······ 

t~;:~c:r~~l~a s~~ci~-~~· ·::::::: : :: : : ::: :: : : ::: :::::: :: ::::: :: :::::::: ::::: ::::::: : ::::::::: ::: :: :: I : I :::::::::: I :::::::::: 
*Sphacrodoma brevis ... ......... _ ......... .. _ ... ... ..... _ .......... ........... ... .... ....... \ x \ .. ···· .. ··1·········· 
*Sphaer odoma paludinifol'mis _ ... ... ... .......... ... _ ............. ···· ·· .. · .... ····· .. ·1 x 1········ .. 1 .. ········ 
* Sphaerodoma ventricosa ........ ....... .... _ .... _ ... .. ... .......... ···· .... ··· ... · .... ··1 x ! · .. ····· .. 1 .... ···· .. 
* Orthoceras sp. .. ................. ... _ ........ .... .... .................................... ....... \ x \· .... ··· .. 1 .... ···· .. 

tMetacoceras sp ......... -................ -.. ...... .......... .... .. ...... ······· .... ···: .. ··· .... 1 x 1 .. ········1········ .. 
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The Wayland fauna at the top of the Graham formation is one of the 
most varied and the horizon is one of the most abundantly fossiliferous 
to be found in the Pennsylvanian of Texas or of the whole Mid-Continent 

GJ ~ 
T h nft y tiar pet"-5vilk. lJl"'ah~VT"i 

f Or" l'Y'>a+\ on 
0 .... , ____ --'-____ --'-____ --'--____ ->1 t..-ti le'S 

fo ,..rna t',on f OYJY'I arlo n 

Figure 15, Map showing f ossil localities in the vicinity of Graham 

region, Most typical exposures of the Wayland shale containing an aston­
ishing profusion of beautifully preserved fossils are found in the vicinity 
of Gunsight, at one mile south of the town where the road to Cisco branches 
from the road to Eas.tland (locality 80.2), five miles east of Cisco on the 
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road to Eastland (locality 89.1), and near Wayland (locality 80.5). Very 
fossiliferous Wayland shale is found near South Bend a short distance 
north of the Goode well of the Roxana Petroleum Corporation, near the 
bridge over the Brazos at South Bend, and on Bass Mountain southeast 
of the Brazos bridge on the South Bend-Graham road. West of Graham' 

.10 ___ -:::) ~5, 

,":lTE PHEI-l5 / 
-f: F\5T-L N r5 --, 

70 

Grahar'\""l 
fo .... "...:::d' I.;:) !""I 

LEGEND 

L ____ ~ ___ __' ___ __'J Mdee 

20 

Figure 16, Map showing fossil localities in the vicinity of Gunsight 

in the bluffs along Salt Creek are good exposures and abundant fossils. 
It is here that Cummins made observations and collected fossils which led 
him to correlate these beds definitely with the Pennsylvanian. North­
eastward as far as A vis; the northernmost point reached in the areal work 
at this horizon, abundant and characteristic fossils are found. In the area 



Stratigraphy of Pennsylvanian Formations of North-Central Texas 143 

south of the Cretaceous overlap the characteristic Wayland fauna is found 
northwest of Brownwood. in the shales between and above the Campophyl­
lum-bearing limestones which appear to be equivalent at least in part to 
the Gunsight member. As has been pointed out in the description of the 
Graham formation above, the thickness of the section representing this 
division in the Colorado River Valley is very much less than that found in 
the north. Since no marked differences are observed in the faunas of the 
Jacksboro, Bunger and Wayland horizons in the north, it does not appear 
possible to determine precisely the stratigraphic equivalents of these north­
ern subdivisions of the Graham formation in the south. The collections 
from the area northwest of Brownwood were made chiefly in the vicinity 
of the Weedon School near Old Byrd's Store northeast of Thrifty. They 
are characterized by the prominence of la~ge Sphae1'odoma p1'imigenia 
(S. ponde1'osa ?) and by a profusion of Marginifera lasallensis. An inter­
esting feature is the discovery here of a considerable number of very min­
ute though adult specimens of pyritized ammonoids, most of which belong, 
evidently, to undescribed species. The fauna of the Wayland shale, as in­
dicated by the collections from north to south across the Texas area, is 
as follows: 

Fauna of the Wayland Shale Member, Graham Formation 

LOCALITIES 

FAUNA 

t FusuIina sp. --- ...... ------- .... --·---- --- .... -------- .. 1-.. -' ---- , .---, ----1----1-- -- 1-- --' ----1-- --1 X 1 .. --1.---1.---\ X 
*Lophophyllum profundul11 _ .. __ ..... . _. ___ . __ .1 X 1 X 1 X 1 X 1 X I X I X 1 x 1 X 1 X 1 X 1 X 1 X 1 X . 

*Lophophyllum profundum Tadicosum ____ 1 X I---- I- -··! ----I X 1 X 1 x 1 ____ 1 X 1 X X 1 X 1 X 1 X 

Campophyllum torquium ·------- ---··------- ·: 1-- --1--- - .. .. 1.---1----1-- -- 1-.--1-- -- X , ---- -- . • 1 .... 1 X 1- -" 
Aulopora prosseri ---------····---··········-----··-1 .. ··1---- ----1---- \-... \-- .. ·· .. 1---- ---- ---- ---- ----1---- X 

tHydreionocrinus subsinuatus ? __ _ ... ______ .. , ... _\ X .... ____ .... __ .. / .... \ .. __ .... __ ................ .. 

tEupachycrinus sp ..... -........ -.. -- .. ...... -.... -.. [ .... i.- .. -' .... -... '-- .. 1 .. .. .. .. ---- . .... . -- .. -.. . .... - ... X 

tDeloc. rinus sp. .. .............. .. ... ----........ ----- .. ! .. .. 1-- ...... .. -- -"-l X .. .. -.. -, X ---- ...... -- -- .. X 
tCrinoid stems .......... __ .... _ .... __ .. _ ........ ____ .. .. ( X ! __ .. X X X X X X X X X X ____ X 

tArcheocidaris aculeata .. .. .... --- ........ ---- .. ! .. ..I .... I .. .. I-- .. \---- .. ...... ---- .. .. .... I .... X ---- X 
I I· J 

Archeocidaris sp ..... -...... ................. ------.. I· .. ·! x 1 X 1 x -- .. / x .... __ .. I x !-- .. , ........ I ...... .. 
*Fistulipora carbonaria ...... -- .. -.......... -.... \ .... I .... !-... I\ x ! .. -- -- .. I .. .. -.. -I x 1 X I x ........ \ x 
tFistuliporanodulifera .......... -.. .. .. -.. ------ ...... I .. .. ! .... , .... I---- -- .. 1-.. · .... I x 1-- .. X 1 .... 1---- , .... 
tTabul~pora sp. A .... ______ ............ _ ............ _ .. [ .... ! ____ .... X I .... -- .. .. .. 1-- .. x 1 x 1 .... I .... l .... ' x 
Tabuhpm ,po B.·································l.. . . ... ···r·· .... ···r·· ........... : ........ x 

'~~E~~~~l~X~~':: " .•.•• ~. :I .: ••••.• ·~·~(l :::: 
*Rhombopora lepidodendroidea ...... _____ .. . .. .. .... x X .... , __ .. \ .... x .... x .... : ..... __ x 
tLingula umbonata? .. ........ _____ .... ........ _ ...... __ .. , .. .. ... ___ .. __ .............. _____ ... _ .. _ .. __ x 

:Lingulipora nebraskensis ...... -- ...... ------ ...... I---- r .... .. --I X , .... I .. .. I----! x 1 .. -- 1 x \ ... - ----I, .. .. 
'" Roen-:erella patula .. --- ........ --- .. -- ........ -......... /----1 .... , .. . 1---- 1--:. 1 .... ,----1 X · .. 1 X .. .. 1 .... 1 .. .. 

~~:~~~: l~~:ses~a .. :::::::::::::::::::::::::::::::::::::: .~ . , :::: I :::: :::: I ::::. : I::::. :::: I : I :::: I'~ 'I :::: I :::: I '~ ' 
Derbya sp. -- .. -.................. : .... -- ......... --- .. -.. II .... ! .. --I .... \· .. ·I .... \ .... I .. .. \ .... \ x 1 __ .. 1 .. .. 1 .... 1 ____ ' X 

I , • 



144 University of Texas B1!-lletin 

LOCALITIES 

i!~I~I~I~I~lglg\g\glglglgI3 
~~~------~.--~----------~~~7-~ 
*Chonetes gnnuIi~~r ? ............. ................... x ........ ... . ·~ · · I x ..... ... .... x .... 1 .. .. 1 . .. . 

Chonetes verneUlhanus ... ....................... .... .... x x .... x .... x x ............. '.. x 
*Productus ('ora .. ................. ................... x .... x x x x ... . x x x .... x .... x 

FAUNA 

:~~~~~~~~: f~;·I~:u~iS c~·i~·;~d~~·~~i~:::::::::: :::: :::: .~ . :::: .~. ~ I·~· .~. ~ .~ .. ~ .. ~. :::: .~. 
t !Z:':.~~:~:,:Pi.~~i,;;;;;~ ~ II ~ .~. )~ I~ .~.~ 1 ~ ~~ I ~ I ~ 
tMarginife1'2 missouriensis ? .' .. " '.' .' ... ' ... ........ \ ......... .. . .... 1···· .... 1 .... 1 ............. . .. x 
*Marginifel'a mUl'icata ? ... ..................... .... ····1 ···· 1···· .... .... x .... 1 .... 1 .... ............ ... . 
*Marginifel'a splendens ....... .. ..... ............ .... x 1··.·1···.1 x x 1 x .... x \ x 1 x ...... .. x 
*Pustula nebraskensis ..... .......... . : ........... 1 x 1·.·.1 x 1 x I···· x \ x 1 x x \ x I x x x 1 x 

Pustula punctata ............... ...... .. ............. ... -1"". ···· \····1 ···· ............ x ........ x .... \ ... . 

* ~~~~u~~ :s;~~~~i~· .. :::::::::::::::::::::::::::::::::: ·~·I·~· ·~·I :::: .~. ·~ · I :::: :::: ~ .~. :::: .~ .. ~. I.~. 
*Pugnax osagensis pel'costata ................ x·I···· ····1···· .... ···· 1···· .... ............ .... ....... . 
*Rhynchopol'a illinoisensis .. ....... ............. 1 x .... ····1···· .... x ........ x ..... ....... ... . x 

*~~~~.~::a c;~~~.-~t~~· .. :::::::::::: ::::::::::::::::::::I ·~ ·II .~.I ·~·I·~·I ·~· ·~·II ·~· ·~·I : I ·~· ·~· I ·~· .~. : 
Spirifer texanus ............... ........... .... ...... x .... 1 x \ x x x x x 1 x 1 x .... x .... x 
Spirifer sp . A ..................... ..... ............... ·.··1 x I···· !····\ ···· ····1···· ····1 x I···· .... .... x ... . 

~ Spirifer sp: B ........................... .............. 1····1····1···· i .... 11 . ... ···'1· ··' .... x I···· ····1···· ....... . 
"'Squamulana pel'plexa ...... ......... ............. 1 ... · x x I···· .... x x ····1 x I···· x 1 x I···· x 
: An:~oco:Iia planoc~nve:"a .......... .......... 1 .... 1 .... 1 x 1····1 ···· x I x .... x \ ........ ········1 x 

.. ~~~~:~~:~:~: ;;~~~~.~.l.~.~.~~~ ... :::::::::::::::::::::: :::: \ .~.I .~J~. I :::: .~.I.~ .. ~. : ' ... x:::: :::: :::: . , 

*~~:!:~!: :;.Ol:~~~~~ ... ::::::::::::::::::::::::::::::::\ .~. '~'I.~ .. ~ .. ~ .. ~ .. ~ .. ~. : ' ... x:::: :::: .~. 
*Composita subtilita ........... .......... ............ x x x x ... . x x x x x x x x x 

!~;:::r;;f~:::~ll;~.i~ I···· I ::·: II.:.: ·::·.I :~: :~ : :.:: .::: :~ : :~: :~: :.:: :::: :~: 
"'Nucula anodontoides ? ....... .... ........... ····1·· ...... ····1···· x x .... "'·1 x .. .. ........ .... .. . . 
~Nuculopsi~ v~ntricosa ................... ......... x ... . x I x x x .... x x x x x x x 
"'Leda belhstnata ................ ........... ......... \ x .... 1 x x x x x x x .. .. x x ... . x 
*Leda beJlistriata attenuata .. ....... ........... .... · .. ·1.. ··1···· ............ ............ .. .. ··' "1" "·1 x 

·!::;:r::~F.t:~f'tJ ' ~ .~ •.•.•• ~ •• ~ ••.•. • ~.':'~ •••• 
tPinna peracuta .. ........... ........................... ................... ..... x x .. ...... ...... . . 
* Aviculopinna americana ? .................... ................ x x x x x .... .. ...... ....... . 

Conocardium sp ................. ....... ............. x ,.'" x x ... . x .... x x ........ x x x 
Myalina l'ecurvil'ostris ? .. ...................... .... .... .... .... x ..................... " ........ . 
Myalina sp. . ............... ........ .................... ........ ........ " .' x.... .... .... x . ... x ..... .. . 

,. Anthraconeilo taffiana ..... .......... ........... x .... x .... x x .... x x .... ........ ... . x 

:~:~!~;~~:e:l~:::n~~··::::::::::::::::::::::::·::::::1 ::: : ::: : \ .~. :::: :::: .~ . :::: :::: : :::: :::: .~. :::: .~ . 
tAllorisma terminale ? ............. ... .. .......... 1 . .. . .... I· ··· .... .... x .... x .... .. .. x .... ... . 

:: !~lt~~~;;l: ~~~c:~·~·t~.-i~~··~;~.:··::: : ::: ::::::::::::: I ·~· ·~· I ·~·I·~ · I : : ·~·I·~· ·~·I ·~· .~ .. ~. :::: : 
"'DentalIUl11 seU11costatuU1 ... .. ....... ....... ..... 1 .... .... .... : .... \ ................ x I··" .... 1 .... 1 .... 1 .. . . 

tplagioglypta sp. . ......................... .. ......... . ····1 .... ··'·1 x I···· .... ···· \····1 .. ·· .... x ........ I .. .. 
Bellerophon crassus .................. ............ 1 .... 1 ........ ····1···· x ····1····1 .... 1···· ····1····1····1 x 
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FAUNA ~I~I~I~I~I~I~I~I~I~ I ~I~I~I~ '<!IlD lDlD lDlD<O <000 0000 OOOO~ 

:Bellerop~on crassus w:ewokanus ..... ...... .. . -::-::-x -~-=:---I,_,,:~-x----:-::-:--I x "-'1 -'-+" 
PatellostlUm montfortJanum ............ .... x x x .... ... . x .... x x x . x .. -.. ··-1.··. 

*Euphemus carbonarius ................... ... -. x .. -. x x x x -- -- x x x 1 x x 1-'" x 
*Pharkidonotus percarinatus ........... ....... x ._ .. x x x x I .... x x x x x _._. x 
* Orestes brazoensis -': ....... , ............ : .. .... _._ x .... x ........ - x / ........ x x .... x I x I x 

Phanerotrema grayvlllense ................. . x .... x x x x x x x x I x x x x 
*Worthenia tabulata .............................. x .... x x x x I x x x x . x x x 1 x 

*~:e~c;:;~l~a d:;~e·~~·~···:::::::::::::::::::::::::::::: I'~'I! ::::\I -~ -I'~ 'II ' ~' -~'I'~'I'~' i ~ I·~ ·I. ' ~-I '~ ' -~'I'~' 
*Schizostoma catilloides ........................ x x x 1 .... 1 x ... ......... 1 x 1 .... 1 x .. .. ···-1 x 
*Meekospira peracuta choctawensis ........ , x .... , x 1 x I x x 1_ ... 1····1 x 1 x 1--" "" x 1 x 
*Meeksopira bella? ...... ...... ........................ / ... -/ .... 1. ... 1 .... ···· 1-···1···1 x 1- ···'·· ·-1---- -.. .J--.. 
*Zygopleura rugosa ...... ................... ... ....... ...... ........ 1 .... \ .. .. 1 .... \ .... 1 .... 1 .... .... x ····1···· 
*Sphaerodom~. brevis .................... ............ .. ....... . " "1 __ ,, ? / ........ ? / ...... .. .... ? I x 
*Sphaerodoma intercalaris ... ............... .. .... .. . .... ' ... . -- ...... i .. -- ····1···· x ... ........ . ···-1 x 
*Sphaerodoma primigenius ... .... ........ ..... 1 x .... x .... x x I x .... x I···· .... .... -- ··1 x 

;~;~::;.~:~:: s~~n~.~~~~~.~ ... :::::::::::::::::::::: :::: :::: :::: :: :: :::: :::: i .~. :::: :::: \ :::: : ::~ :::: :::: . ~. 
*Ianthinopsisgouliana ? .................... ...... ...... .. "" 1" " ........ \ .... ,---- x \ .. ... ..... .... " .. . . 

;g~Y2ci:Es ::;~:~~~ .. ._.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:~:.:.:.:.:.:.:~ I :~:\::.:.:! :~ : \ :~ : \ :~ : :~l:l:'1 : I :~ : :::: : ~: :J .~. 
*Pseudorthoceras knoxense .............. .... .. ! .... x I x ,:'" X X X I .... . x 1 .... / .... 1.·. x 1 x 
*Protocycloceras ? rushense ? .. _ ....... ............. \ x .... x I.. .. x 1.···1 x I ............ .... x 
*Coloceras liratum .. .... ........................ ................ "" ? I···· .... ····1····1 -··-1···· ........ ... . 
*Metacoceras cornutus ...... ........... ................... 1 x .... . -.. \ x x x 1 ... . 1 .. .. 1 x .. .. .... j x 
*Metacoceras perelegans ....... _ ..... ....... ............ x ............ x"" , ··· ·1 ···· .. ...... ·· ··1···· 
*Metac.oceras perelegans sinuosum ........ ' ..... ... .... ···- 1-·-· 1- ··· x ····1-··-1 x ...... .. ···-1-··· 
*Metacoceras sculptile ....... ..................... .. .. ····1 x ···.1 .. ··1.··-1· ···1····1 x 1-··- /···· "" .. .. x 
tMetacoceras sp . ............. .. ............ ........ ............... ····1.· .. ····1 ·· ·· -·-·1···-1 x ····1 .. ·· .... x 

Tainoceras occidentale .......... ................ .. ...... x ... . .. .. x x "" 1'_" 1 x I ........ .. ..J- .. . 
*Cyrtoceras peculiare ... ................ .... ..... ... .. . ...... ... .. : .- ...... ............ ···-1 x .... ···-1 ···· 
tCyrtoceras sp. . ..... ........ : ......... --...... ........ .... ... . .. .. .... "" . .. .. x ......... ..... ...... ···-1-··· 

Gonioloboceras goniolobum ....... ......... .. ........ ..... ........... x .... ... . ..... .... ... ··· -1 ···· 
*Gonioloboceras welleri .......................... x I .... x .... x x x x ...... .. ...... " .. -- x 

ti1~~r~~:~::p:;:· ·~:· · ::: ::: ::::: : :::::::::::::::::: : : :::: ':::: :::: :: .. 1.::: :::: :": .:': :.:: :::: :::: ::::i:j : 
tG"tri",,", Ii,t,,' ............................... .. 1. .... .. .... .... ... ................ 1 . ... \ x 

i~;~jmm ffTu~ ; ••.•••.• • ~ . I :/ I .~. ft •••• t J~ 
tGastrioceras sp. D . ... , ...... ...................... ................ .... 1 .. . . ... 1 . . .. 1 ... 1"" " "'\"" 1 .. .. 1 x 

Schistoceras hyatti ....... ... . ......... ..... ..... . .. ...... .. .... . x ·· __ 1····1····1 x 1···- x .... ·· .. 1 ? 
*Dimorphoceras texanum .............. .. .......... .... x .... x .. ··1 x 1-···1 x 1···l··I .... I .... ! ... . 

~~:~ !~~~: :::::::::::::::::::::::::::::::::::::::::::::::: :::: I ::::1 :: :: :::: :::: .:::: :::: 1 :::: 1 .~ : :::: I '~ 'I ::::: :::: I :::: 
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In addition to the fossil species listed in the foregoing table of the Way­
land shale, Smith72 has reported the occurrence of a number of very inter­
esting ammonoids from the outcrops of this division along the banks of 
Salt Creek west of Graham. These were collected (;hiefly by Dr. A. B. 
Gant, w:ho was for many years a resident of Graham. The following species 
are identified: 

Ammonoids from th~ Wayland shale near Graham 

Shumardites simondsi 
Gastriocet"as globulosum 
Ga,strioceras sub cavum 
Schistocems hildrethi 
Schistocems hyatti 
Gonioloboceras welleri 
Dimor'phoceras texanum 
Agathiceras ciscoense 
Schuchertites grahami 
Stacheoceras ganti 

The most noteworthy feature in connection with this ammonoid group, 
as noted by Smith, is the unusually complex suture pattern of most of 
the species, which, indeed, is very much more like typical Permian am­
monoids than those commonly found in the Pennsylvanian. StacheoceraS, 
Shumardites, Schuchertites and probably Schistocems may be regarded as 
true ammonites. 

COlTelation.-Since the fauna of the Graham formation, represented 
by the collections from the members here recorded, is very evidently. a 
unit, the stratigraphic correlation of the formation may be discussed as a 
whole. Aside from the fossils of the limestone beds which belong chiefly 
to the very common and widely distributed species of corals, Campophyl­
lum tm'quium and Syringopom multattenuata, the Graham fauna is dis­
tinctively a modification of the Wewoka fauna. Ii will be observed that 
almost all of the very common and characteristic Graham fossils are also 
common and characteristic of the Wewoka. Since, moreover, some of the 
rarer species, such as Deltopecten texanus, Lingulipom neb1'aslcensis, Rhyn­
chopom illinoisensis, and the considerable group of nautiloids and ammo­
noids which are c'ommon to the Wewoka and the Grah~m , but are not foul1d 
except in association with the characteristic fauna here listed, th(; essential 
equivalence of the southern Okiahoma fauna and of that from the basal 
Cisco can hardly be questioned. 

It may be observed that the Graham fauna contains some species which 
are not reported in the Wewoka, the most important of which are Chonetes 
vel'neuilianus, Der'bya bennetti, Margini/em lasallensis, Dielasma bovi­
dens ?, Spir'i/er texanus, Conocardium sp., Myalina sp., Or'estes brazoensis, 
Platyceras parvus, Tainocems occidentale, and most of the Salt Creek 

72Smith, J. P., Carboniferous Ammonoids of America, U. S. Geol. Surv., Mon. 42, 
1903. 
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GRAHAM FOSSILS 

Figures 1, 2, 4, 5. Lophophyllum pro/undum, an extremely common and widely dis­
tributed fossil coral in the Graham formation. Figure 2 shows the prominent 
columella which projects strongly because of the weathering of the outer part 
of the calyx. Figure 4, calyx view of specimen shown in Figure 5. Wayland 
shale. Figures 1 and 2 from one mile south of Gurisight (80.2), Figures 4 and 5 
from southeast of Avis (44.1). 

Figure 3. Lophophyllum profundum ra.dicosum, a rough, spine-bearing variety. Way­
land shale south of Gimsight (80.2). 

Figure 6. Fistulipora noduH/era, an incrusting bryozoan. Wayland shale south of 
Gunsight (80.2). 

Figures 7, 9, 11, 13. A1'cheocida1'is sp. cf. A. cratis, fragments of spines. Bunger 
limestone west of Finis (54.1) . 

Figures 8, 12, 16, 17, 18 21, 22. Ma1'gini/M'a lasallensis, a very characteristic and 
abundant element in the Wayland shale. Figure 8 from Salt Creek west of 
Graham (55.9), Figures 12, 16 from south of Gunsight (80.2), Figures 17, 18, 21 
from Weedon School northwest of Brownwood (112.1), Figure 22 from east of 
Cisco (89.1) . 

Figure 10. A 1'cheocidaris sp., an ornamented sea urchin plate. Bunger limestone 
west of Finis (54.1). 

Figures 14, 19; 20. Pustula nebraskensis, side, brachial and pedicle views, respectively, 
of three very perfeCt specimens from the Wayland shale south .of Gunsight (80.2). 

Figure 15. ·P1·oductus C01'a, an unusually large and well preserved specimen from the 
Wayland shale south of Gunsight, pedicle valve (80.2). 

Figure 23. Productus semi1'eticulatus afr. hennosanlls, a partly exfoliated shell which 
. is widely distributed in the Way'and shale. Wayland shale south of Gunsight 

(80.2) . 
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GRAHAM FOSSILS 

Figure 1. Spi?'ifeT texcmus, side view of a nearly perfect specimen from the Wayland 
sha!e, one and a half miles south of South Bend (66.1). Fragments of this species 
are very common in the Graham formation but complete specimens are rather rare. 

Figures 2, 3, 4, 5, 12. Chonetes ve?'neuilianus, a common brachiopod in the upper 
shales of the Graham formation. Figure 2 shows a characteristic pedicle valve, 
Figure 3 interior of brachial valve, Figures 4 and 5 brachial views .of two varie­
ties, all from the Wayland shale south of Gunsight (80.2). Figure 12 is a speci­
men from the Wayland shale northwest of Brownwood (112.1). 

Figures 6, 7. SquamulaTio, pm'plexa, two characteristic specimens from the Wayland 
shale northwest of Brownwood, pedicle valves (112.1). 

Figure 8. P?'oductus CO?'a, a pedicle valve, from the Wayland shale south of Gunsight 
(80.2) . 

Figure 9. Ma?'ginifem splendens, a brachial valve from the Wayland shale south of 
Gunsight (80.2). 

Figure 10. P1~gnax osagensis, pedicle valve, from Wayland shale northwest of Brown­
'wood (112.1). 

Figure 11. Ambocoelia planoconvexa., a broken, somewhat crushed specimen from 
the Wayland shale south of Gunsight (80.2). 

Figure 13. AnthTaconeilo taffiana, a right valve, from the Wayland shale south of 
Gunsight (80.2). 

Figure 14. LingulipoTa nebTaskensis, a well preserved but imperfect specimen from 
the Wayland shale east of Cisco (89.1). 

Figures 15, 16. C?'ania modesta, situated near the posterior extremity of AstaTtella 
concent?·ica. Almost a ll the specimens observed are found on this pelecypod and 
in this position on the valve, indicating that the brachiopod utilized in part waste 
products from its host. Wayland shale, south of Gunsight (80.2). 

Fh>:ures 17, 18, 19, 20, 21, 22. Asta?·tella concentrica var., ane tremely abundant 
and characteristic fossil in the Wayland shale. The shells are robust and, as 
illustrated in Figure 17, some are characterized by an unusual posterior proc 
longation. All from the Wayland shale south of Gunsight (80.2). 

Figure 23. Spi?'ifeT sp ., a nearly complete, very alate pedicie valve. Wayland shale 
south of Gunsight (80.2). 

Figures 24, 25, 26, 27. N7wulopsis vent?'icosa, characteristic examples from the Way­
land shale south of Gunsight (80.2). 

Figure 28. Schizodus alpina, a well preserved, nearly perfect left valve. Wayland 
shale south of Gunsight (80.2). 
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ammonoids. Some of these are more or less long-ranging, widely dis­
tributed forms, without special significance. Derbya bennetti is recorded 
by Beede and Rogers73 as ranging from the Cherokee to the Oread sub­
divisions of the Kansas section, being most abundant in the Iatan and 
Oread limestones. Orestes brazoensis is reported only from the Cherokee 
shale in Kansas. Chonetes veTneuilianus and Tainocems occidentale are 
recorded from the Fort Scott limestone as high as the Wabaunsee forma­
tion. 

The 'absence from the Graham fauna of , some of the very typical and 
characteristic fossils, such as Chonetes mesolobus and CliothY1'idina orbi­
cularis, which are found in the Wewoka formation and subjacent beds in 
Oklahoma and in the Des Moines beds in Kansas, suggests that notwith­
standing the broadly similar character of the Graham fauna to that of the 
Wewoka, it may in fact be slightly younger. 

The fauna of the Graham is very evidently distinct from that of the suc.,. 
ceeding portion of the Cisco-in fact the change in the aspect of the fossils 
from the Wayland shale to those from the beds above is one of the most 
striking observed in the Texas Pennsylvanian. The Thrifty, Harpersville, 
and the remaining formations of the Cisco have almost no elements which 
are suggestive of the lower faunas, for while some long-ranging species 
of course remain, and while a few of the species most characteristic of the 
Graham and beds below are apparently represented in a few instances in 
the higher beds, these are by no means the domi'nant element in the fauna. 
Among the new species which are introduced above the Graham Enteletes 
hemiplicata, Chonetes gmnulife1' meekianus, De1'bya cymbula, Allo1'isma 
s'l£bcuneatum and abundant large Myalinas may specially be mentioned. 
In Kansas, where more or less open marine conditions similar to those in 
Texas prevailed, this change in fauna is notedH in passing from the Kansas 
City into the Lansing and higher formations. 

Of the Graham ammonoids, Schistocems hyatti, Agathicems ciscoense, 
Stacheocems ganti, Shuma1'dites gmhami and Schuchertites simondsi are 
known only from this formation in Texas, and excepting the first, all are 
recorded only from the Wayland shale on Salt Creek, west of Graham. 
The genus Schistocems, which is reported only from North America, con­
tains five described species from beds referred to the Pennsylvanian and 
one from the lower Permian. S. hyatti is found in the Wayland shale at 
the locality five miles east of Cisco (89.1), on Bass Hill east of South Bend 
(55.13), south of Gunsight (80.2), near Weedon School northwest of 
Brownwood (?) (112.1), and on Salt Creek west of Graham, but it is not 
reported elsewhere. S. hild1'ethi, a second species, is found in the Way­
land shale at the Salt Creek locality and in the Pennsylvanian of Guernsey 
County,Ohio. The remaining species have been recorded from the upper 
Pennsylvanian of Fulton County, Illinois, (S. fultonense) ; from the Mis-

73Beede, J. W., and Rogers, A. F., Coal Measures Faunal Studies, Kans, Uiv. Geol. 
Surv., vol. 9, 1908. 

74Beede, J. W., and Rogers, A. F ., loco cit. 
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sourLgroup, Upper Pennsylvanian near Kansas City,Missouri (S. mis­
smt1"iense) ; from the Gaptank formation, Upper Pennsylvanian of West 
Texas ,(So smithi ) ; and from the lower Permian Wolfcamp formation of 
West Texas (S. diveTsecostatum). Agathicetas has been found elsewhere 
in the highest Carboniferous of Russia (A. cf. umlicum) , where, as in the 
Graham formation, it is very rare, and , in .the Permo-Carboniferou,s of 
Russia, Sicily, China, the East Indies and in West Texas, when~,on the 
other hand, it is rather abundant. Stacheocems, which includes a number 
Of species,as S. ganti, which were formerly referred to Popanoceras, is else­
where chiefly represented , in the Permo-Carboniferous of West, Texas, 
Sicily and Russia. Shumarditesand Schuche1"tites are not represented, 
so far as known, by other species than those in the Graham, but on account 
of their very complex, ammonitic sutures they are much more suggestive 
of the Permian than of typical Pennsylvanian species. It is clear from 
this summary that the stratigraphic indications of this group are in the 
direction of a very late rather than an early position in the Pennsylvanian. 

Gastriocems globulosum is recorded from the "Middle Coal Measures" 
of Scott County, Arkansas, and G. sub cavum from the Upper Pennsylva­
nian of Montgomery County, Illinois. Both Goniolobocems welleri ll,nd 
Dimor'phocems texanum have been found in the Mineral Wells formation 
of the Strawn near Mineral Wells (68.1). A variety of G. welleri is re­
corded also from the Wewoka formation of southern Oklahoma and from 
the Upper Pennsylvanian Of Montgomery County,Illinois. 

It is apparent that the ammonoid element of the Graham fauna is much 
more strongly suggestive of a late than of an early position in the 
Pennsylvanian and although, on account of the restriction of most of the 
species to the Texas area, it is not possible to make precise comparison 
with established horizons in the Pennsylvanian of other parts of the coun­
tryon this basis, it may be concluded that the Graham formation is Upper 
Pennsylvanian. 

Taking into consideration all of the faunal and stratigraphic informa­
tion now available it appears to the writer that the Graham is somewhat 
younger than the Wewoka formation of southern Oklahoma which has· 
been correlated with the horizon of the Marmaton formation of the Kansas 
section, but older than the Lansing formation of that state. Although 
the conditions in Kansas were on the whole similar to those in Texas, there 
was not, apparently, any direct connection of the sea between the two 
areas. The Kansas rocks do not contain the peculiar ammonoid fauna of 
the Graham-indeed, as Smith notes, characteristic elements of it are 
known only from India, the Mediterranean region, and Texas-but other­
wise there is greatest similarity in the content of invertebrate life. Since 
both in Texas and in Kansas the beds overlying the formations mentioned 
show in the introduction of species which are characteristic of the upper­
most divisions of the Pennsylvanian in the Mid-Continent region, the 
comparable strptigraphic position appears more ,definite. Neither in 
Kansas nor in Texas is there evident an important break in sedimentation 
following respectively the lola limestone or the Wayland shale, but in Texas 
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GRAHAM FOSSILS 

Figures 1, 2, '3. Sphaet·odoma primigenia, two robust and characteristic specimens 
from the Wayland shale northwest of Brownwood and a variety from the Way­
land shale south of Gunsight, respectively (80.2). 

Figures 4, 5. Protocyclocet·as ? t·ushense ?, two well preserved specimens from the 
Wayland shale south of South Bend (66.1). 

< Figures 6, 7. Meekospira pet·acuta choctawensis, Wayland shale, south of Gunsight 
(80.2) . 

Figill'es 8, 9. 'Pharkidonotus percarinatus, two typical sp2cimens from the ' Wayland 
shale south of Gunsight (80.2). 

Figure 10 . .. Schistoceras hyatti, a good but imperfect specimen spowing both the 
latero-ventral sutures and portions of the anti~siphonal sutures from an outer ' 
whorl which is lost. Wayland shale, south of Gunsight (80.2). 

Figures Il, ' 12, 13. E Uiphemus carbonarius, apertunil, "dorsal" and side views of 
I characteristic specimens from the Gunsight shale south of Gunsight (80.2). 
Figures ' 14, :15. Phanerotrema grayvillense; side and top views of a well preserved 

and characteristic specimen ,from the Wayland shale south of South ,Bend (66.1). 
Figures 16, 16a. Ot"estes bt'azoensis, 'a typical specimen from the Wayland shale south 

of Gunsight (8Q.2). 
Figures 17, 18, 19. Worthenia tabulata, characteristic specimens from the Wayland 

shale south of Gunsight (80.2), northwest of Brownwood (112.1) and north of 
Wayland (80.5), respectively. 

Figures 20, 21, 22, Tt·epospit·a dept·essa, characteristic specimens from the ,Wayland 
, shale south of Gunsight (80.2). 
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there was a slight interval of erosion which is marked by the removal 
locally of portions of the Wayland shale and by the occurrence above this 
horizon of the more or less conglomeratic A vis sandstone member at the 
base of the Thrifty formation. 

The considerably greater thickness of the Graham formation in the 
northern part of the Texas Pennsylvanian area and its more clastic 
character in this region have been noted in the description of the for­
mation. So far as known there is no evidence of a break in sedimenta­
tion at the end of the Canyon epoch, for the rather thin Home Creek 
limestone has been traced continuously from the Colorado River Valley 
into and across the Brazos River Valley. The change in character of the 
sedimentation and the greater deposition in the north may be correlated 
with the uplift of the Arbuckle Mountain region in southern. Oklahoma 
which appears to have been initiated at about this time. The great thick- . 
ness of the clastic Glenn formation and portions of the Lower Pennsyl­
vanian series now exposed on the north side of the mountains began to be 
eroded and the materials derived from the uplifted portions of these for­
mations were doubtless strewn southward and in part northward into the 
bordering seas which r emained in Texas and Oklahoma. Notwithstand­
ing the influx of this considerable amount of clastic debris, the invertebrate 
fauna which had existed in the Texas basin and which was present in 
typical development in the Wewoka area before the uplift of the moun­
tains persisted through the time of Graham deposition. Clastic deposits 
corresponding in origin and geologic age to the Graham may be found 
above the horizon of the Wewoka north of the mountains and probably 
at least in part beneath the horizon of the Franks conglomerates which 
were formed from the limestones and resistant debris derived from the 
lower and older formations in the Arbuckles when they had been exposed 
by erosion. 

THRIFTY FORMATION 

Name and Definition.-The Thrifty formation has been named for the 
town of Thrifty located near the center of Brown County. It is defined as 
including all the strata from the bottom of the Avis sandstone to the top of 
the Breckenridge limestone, which is typically exposed south of Main 
Street in the town of Breckenridge. In the northern district the forma­
tion may be distinguished from the other members of the Cisco group by 
its higher and more prominent escarpments, more massive limestones, 
and its thicker and non-fossiliferous reddish shales. In the southern dis­
trict the limestones are much less fossiliferous than the other limestones 
of the group, the shales are tinged with brighter colors and contain in 
places carbonaceous shales and even coal. 

Extent and Thickness.-The Thrifty formation has been mapped from 
Jermyn in Jack County to a point west of Graham in Young County, 
through Eliasville to the Parks oil field southeast of Breckenridge, and 
thence southwest of Wayland and Gunsight to Eastland County where it 



Stratigraphy of Pennsylvanian FOTmations of NOTth-Centml Texas 153 

passes beneath the Cretaceous beds southwest of Cisco. It is seen in small 
outliers at Romney and Bethel in the midst of the Cretaceous sands and 
appears south of the sand at Blake in Brown County from whence it may 
be traced southward through Thrifty, west of Bangs and Trickham to the 
Llano Mountain area southwest of Brady. 

The formation varies in thickness from 120 to 200 feet. Unlike the 
Graham formation, it does not thin to the south and has about the same 
average thickness in the Colorado River Valley as in Stephens County. In 
Brown County, at Thrifty, it is 200 feet thick, in Eastland County east of 
Cisco about 200 feet thick, and in northern Stephens County, east of Crys­
tal Falls, 120 to 150 feet thick. 

Notew01'thy ExposU1·es.-Excellent exposures of the formation may be 
seen along the prominent escarpments southeast of Breckenridge where 
the limestone members form the ledges around the north and west side 
of the old Parks oil field and make the dip slopes on the west side. There­
fore they should be well known to oil geologists who have worked in Texas. 
About halfway between Cisco and Eastland, in Eastland County, and on the 
north-south road north of Thrifty, in Brown County, are good exposures . . 

Lithologic Chamcte1·.-The Thrifty formation consists of alternating, 
more or less lenticular beds of shale, sandstone and limestone. The lime­
stones are thin but persistent for the most part over long distances. They 
are hard, yellowish-gray, rather evenly bedded, and in most places form 
more or less prominent escarpments. Their average thickness ranges 
from 3 to 10 feet. The upper limestones are in general unfossiliferous 
but the lower contain a few of the common Pennsylvanian species. A 
limestone which appears in the basal part of the Thrifty southeast of 
Breckenridge contains numerous corals, Campophyllum t01'quium and 
Syringopom multattenuata, and Fusulina. 

The shales of the Thrifty formation are grayish-yellow for the most 
part, but at certain horizons, especially in the lower part, they are purple, 
red and vari-colored. The shales are not in general fossiliferous. 

In many places lentils of rather coarse brown sandstone appear. These 
are locally conglomeratic, the conglomerates being most noteworthy in the 
northern area of the formation. Where the sandstones and conglomerates 
are present, the interval between the limestones is invariably increased. 
The 'outcrop of limestones below the sandstone is very commonly obscured 
by the weathering and slump of the sandstone. The basal subdivision of 
the Thrifty is a rather persistent, coarse, cross-bedded, dark brown sand­
stone which in many places grades into grit or conglomerate. Since it 
rests discomformably on the eroded upper surface of the Graham forma­
tion, this sandstone represents a change in conditions at the beginning of 
the Thrifty epoch. 

In the Colorado River Valley the limestones of the Thrifty formation 
are somewhat more fossiliferous, and locally there are coal beds, which 
were named by Drake the Chaffin coals. 
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Subdivisions,-Thestr~tigraphicsubdivisions of the Thrifty formation, 
which have been recognized in field studies and ' employed in the mapping 
are as follows: 

Thr-ifty fonnation-
Breckenridge limestone member 
Shale 
Blach Ranch limestone member ' 

, ·Shale, ' sandstone and conglomerate "" 
Ivan limestone member 
Shale and sandstone, with locally a , limestone lentil ,' , 
A vis sandstone member ' 

,. :: 

The members which are designated by stratigraphic names are typically 
exposed in the area of the Brazos River Valley-north' o£ the Cretaceous 
overlap. The character and thickness of' the Thrifty formation ' in th~ 
Colorado River Valley are rather similar to those in the north, and lime:'" 
stones occurring at approximately the same intervals below thetdp of the 
formation have been traced across the area and correlated with the mem~ 
bel'S recognized in the Brazos Valley. 

Avis Sandstone.-The basal stratigraphic division of the Thrifty forma­
tion is a persistent but variable deposit of coarse-grained sandstone,grit 
or conglomerate which ranges in thickness from less than 5 feet to more 
than 40 feet. It is named from the town of Avis, in Jack County, north of 
Jacksboro, and it is most typically developed in Jack, Young and Stephen~ 
counties. In places it rests on the fossiliferous Wayland shale member 
of the Graham formation, elsewhere directly on the Gunsight- limestone. 
Locally, toward the south, the Avis appears to be somewhat soft andca1ca­
reous. The Avis is correlated by Plummer with sandstone in the Trick':' 
ham bed of Drake. The thickness and character of the A vis are indi­
cated in sections of the Thrifty formation at various points described 
below. 

Ivan Limestone M ember.-About 35 to 80 feet above the Avis is a rather 
persistent lentil of limestone which appears in the vicinity of I van, Steph­
ens County. It is not traceable very far to the northeast but southward it 
has been mapped into Eastland County and it appears to be represented 
south of the Cretaceous sand area. The Ivan limestone is light yellowish­
to brownish-gray in color, massive, locally nodular and is unfossiliferous. 
It ranges in thickness from about two feet up to seven or eight feet. 
A limestone occurs in places southeast of Breckenridge in the shale and 
sandstone interval between the Avis and the Ivan members. It isdistin­
guished from the Ivan by numerous fossil corals but has been confused 
in some cases with the subjacent Gunsight limestone. The position of this 
lowest limestone in the Thrifty is about 60 feet below the I van in this 
region. 

Blach Ranch Limestone Member.-A limestone which occurs about 30' 
feet in most sections above the Ivan member is here named the Blach Ranch , 
bed, from typical exposures in the vicinity of the Blach Brothers Ranch 
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east of Breckenridg-e. , ,-This, Jimestone is light gray .in cQlor; weathering 
buff or brown, is massive and weathers in large slabs or rounded boulders. 
Jt j§r~ther unfossiliferous. - In thickne~sit ~anges from an average of 
3 o.r..4. up to 8 feet. The Blach Ranch bed extends somewh~t, ~artper:Il?;t,'~h, 
east than the Ivan limestone and it extends far to the south. IUs thought 
to be equivalent to the Chaffin limestope of Drake in the Colorado River 
section. 

BreckenTidge Limestone M e1nber'.-The uppermost limestone Of the 
Thrifty is named from the county seat of Stephens County which has be­
come an important center of petroleum development. It forn~sa promi­
nent escarpment in and about the town of Breckenridge and may be traced 
easily to the northeast and south. It has an average thickness of 3 or 4 
feet and like the other limestones in the Thrifty which ha ve been described, 
iUs'gray, massive and resistant. It is 25 to 45 feet above the BIach Ranch 
member. It is identified, as nearly as determinable by Plummer, with 
the Upper Chaffin bed of Drake. . , 

Detailed SeCtions.-The character ' of the different beds in the'Thdfty 
formation and their relationships are best illustrated by the following de- , 
scrihed sections selected from south to north. 

Section of Thrifty formation along a small creek 'northwest of Br:yson, Young County 

Measured by J. G. Burtt. (L in fig. 13) 

HAB,PERSVILLE FORMATION-

Thickness 
Feet 

''12. Sandstone and conglomerate, dark red, coarse-grained __________ -____________ 10 
THB,IFTY FORMATION-

11. Limestone (?), yellow-gray, thin-bedded, lenticular. Breckenridge 
member _____________________ .__ _______ __ __________ _ _____ _ ___ __ ___ ___ __ _____ _____ _______ _ __ ____ _ ____ 2 

10. Shale, gray ___________ . _______________ . __________________ ____________________________ _______ ________ .__ 5 

9. Sandstone and conglomerate, dark red, ferruginous, small angular 
chert and quartz pebbles evidently dei'ived from strata older than 
Pennsylvanian ___ ____ ____ __ _____________________________ .. ____ __ _______________ .. __ _ ____ __ __ _ __ _ 20 

8. Limestone, light gray to buff, contains few fossils. Blach Ranch 
member ____ : __ __ _______ ___ __________________ , ______ -' __________ ____ ______ ______ c_c ______ ... _________ 4 

7. , ShaJe, g:r~y to buff .. __ __ . _________ ___ ______ _______ . ________ . ____ .. __ ____________ .. ______ . ___________ , 2 
6. Limestone, blue-gray, thins and disappears to easL ___________ .. _____ .. ______ 2 
5. Shale, gray_ .. ___ .. _____ . ____________ . ____ . __ .: ___ -__ . ______ .. _____ . ______ ________ ... ____________ _______ 40 
4. Sandstone and conglomerate, dark reddish-brown ______________ _____ .__ ________ 20 
3. Limestone, dark gray_ .. ___ .. _____ .. ___ .. __ __________ .. ______ ... ___ ________ __ .. _ .. ______ _________ 5 
2. Shale, gray .. __ .. __ . ____ .. _______________ .... ________________ . ____ __________ ____ _____ . ______ ...... ___ .. 20 

1. Sandstone and conglomerate, reddish-brown, made up of small 
light-colored angular pebbles: .. ____ .. . ___ . __ . ______ . _______ _ . ______ .. __ . __ .. _____ . ... __ . 25 

Avis member. 

Total thickness of Thrifty formation. _____________________ .. ____ ... ___ .. __ 145 
GRAHAM FORMATION-

Limestone, yellowish-gray, weathers into large angular blocks. 
Gu?sight ' member. ___________ __ . __ . ______ . ____ . _______ __ __ . __ .. , ______ .,. ________ . ______ .: __ . __ .. 6 
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Section two miles northwest of Eliasville. Young County 

Measured by I. J. Broman. (M in fig. 13) 

THRIFTY FORMATION-
Thickness 

Feet 
11. Limestone. Breckenridge member .. ...... ...... ........ " ........ ............ .... ..... . . 
10. Shale .................... ..... ...................... ............................. ........... .. ............ . 

9. Sandstone and conglomerate ........... ......... ....... ..... ... .............. .............. . 
8. Shale ....... ..................... ................ ..... ...... .............. ..... ....... .................... . 
7. Limestone. Blach Ranch member ....... ...... ............... .. .............. ....... .. . 
6. Shale ............................ ......... ... ................... ... .................. ... .......... ... ..... . 
5. Sandstone ... .. ..................... ........... .......... ..... .... ....................... ..... .. .. .. ... . 
4. Shale .............. ............ ...... ..... ............. .......................... ............ .. .......... . . 
3. Limestone. Ivan member (?) ...................... .......... ... ........ ......... ....... .. . 
2. Shale ............................... ............... ..... ...... .. ..... ........ ......... .................. . 
1. . Sandstone, (base not exposed) ..... .. ........ ... .... ... .. .................. ..... ......... . 

Total thickness measured ... .. .............. ........ .... .... ............... ....... . 

3 
7 

25 
20 

8 
17 

2 
3 
6 

10 
40 

141 

Section of Thrifty formation on Blach Brothers Ranch four miles east of Crystal Falls 

Measured by J. G. Burtt. (0 in fig. 13) 
Thickness 

THRIFTY FORMATION- Feet 
11. Limestone, yellow-gray, weathers to small angular pieces. Brecken-

ridge member....................... .................... ....... ....... ......................... .. 4 
10. Shale, gray.............. .............. ............ ... ............. ................................. ... 12 

9. Sandstone, dark r eddish-brown, coarse-grained......... ............ ....... .... .. 20 
8. Shale .............. ...... ............. .... ... ... ........................ ...... ..... ....... ....... .... .... 9 
7. Limestone, light gray, weather s to large rounded boulders. Blach 

Ranch member................ ...... ....... ........... ........... ...... .................... ..... 3 
6. Shale, gray...................... ............. ..... .. ... ............. ...... ................. ......... .. 10 
5. Sandstone and sandy shale ..... .. ................................... ........ :............... .. 32 
5. Limestone, nodular, gray, massive. Ivan member.. ..... ............ ........... 7 
3. Shale, reddish, purple, and gray, calcareous... ... ... ..... ...... ......... ......... 18 
2. Sandstone, very calcareous, in places limy...... ........... .. ....... ..... ...... ... .. 4 
1. Sandstone and sandy shale......... ................. .......................................... ? 

Base not exposed. 
Total thickness measured.... ......................................... ............. 119 

Section of lower part of Thrifty formation in the Breckenridge oil field four miles east 

of Breckenridge and one and one-half miles south of schoolhouse on 

Caddo-Breckenridge road 

(P in fig. 13) 

THRIFTY FORMATION-
10. Limestone, light gray, nodular. Blach Ranch member ...... ............. .. . 

9. Shale, yellow and buff .......................... ................... .... .. ........... ... .......... . 
8. Limestone, yellowish-gray, weathers into large blocks, few fossils. 

Ivan member .............. .................. .................. ....... .... ........................ . 
7. Shale, covered ........................... ................... ....... ....... ..................... .... . 
6. Sandstone, light gray, soft, calcareous ...... ....... ............. ......... ~ ......... .. . 
5. Shale, gray and reddish ... ....... .......... ............ ....... ............ .... ................ . 
4. Sandstone, light gray, soft, lenticular, cross-bedded. Avis member 

Thickness 
Feet 

3 
20 

2 
10 
10 
55 

9 

109 
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GRAHAM FORMATION-
3. Shale, red and purple. Wayland member..................... .. .. .............. ... 15 
2. Shale, gray, contains limonite concretions, fossiliferous. Wayland 

member ........................................................................ .......... .......... 7 
1. Limestone, yellow, gray, smooth. Gunsight member.................... .... 2 

Total thickness measured. ......... ....... .............. ....... ...... ............ .. 133 

Section of the Thrifty formation in the escarpment two miles northeast of 

Harpersville, south of Breckenridge oil field, Stephens County 

Measured by J. G. Burtt. (Q in fig, 13) 
Thickness 

Feet 
THRIFTY FORMATION-

10. Limestone, bluish-gray, weathers r eddish-yellow and buff, slab by. 
Breckenridge member ........ ...... ...... ...................... ....... .................... . 

9. Shale, sandy, changes in places to massiveiy bedded sandstone ....... . 
8. Limestone, bluish-gray, weathers to buff and reddish-yellow, slab by 

and massively bedded. Blach Ranch member .... ............. .............. . 
7. Shale, reddish-yellow, sandy, contains lentils of sand ........ ........... .. . 
6. Limestone, reddish-brown, thick-bedded, weathers to large blocks. 

Ivan member ..... ............... ...................... .......................... ....... ........ . 
5. Shaie, reddish, sandy, interbedded with lenticular sandstones .. ..... .. . 
4. Sandstone, buff and brown, soft, calcareous. Avis member ........... . 

Total thickness Thrifty formation ......... .... .......... .... ................ . 
GRAHAM FORMATION-

. 3. Shale, reddish-brown, reddish-yellow, and buff, sandy. Wayland 
member .. ............. ................. ........ .................... .. ... ................. ......... . 

2. Shale, gray and dark, fossiliferous . Wayland member ..................... . 
1. Limestone, grayish-brown, nodular. Gunsight member ........ ......... . 

2 % 
25 

4 
24 

3 
35 
10 

103 % 

20 
15 

1 

Section of parts of Thrifty and Harpersville formations in hillside three and one. half 

miles north of Cisco, Eastland County 

Measured by C. A. Hammill. (R in fig. 13) 

HARPERSVILLE FORMATION-

Thickness 
F eet 

. 6. Limesto.ne~ ~ar~ gr~y-brown, weather s into blocks, contains num-
erous echmold spmes..... .. ...... ............ .. .............................. ........ ......... 2 

5, Shale, yellow, sandy, changes to sand in lower portion....... ... ..... ...... ... 32 
4. Limestone, gray, weathers into slabby plates, fossiliferous.......... ...... 3 
3. Shale, buff.. ............... ........................... ..... ...... ....... ..... ............................. 9 

THRIFTY FORMATION-
2. Limestone, bluish-gray, weathers to yellowish-red, breaks into thin 

slabs ... .................. .... ......... ................. ........... ... ... .................. ........... ... 7 
1. Shale, buff ................... .. ..... .. ................. ,... ................... ....... ... .................. 17 
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Section of lower part of Thrifty formation on hill six miles northeast of Cisco, 
i·': ' 

Eastland Co~nty . . 

(S in fig. 13) 

Thickness 
Feet 

TH~l.FTY FORMATION-
12. Limestone, brownish-gray, massive, on weathering breaks into 

cubical blocks, contains Fusulina. Breckenridge member ......... . 3 
~. 1. Sh~l.e, ., buff,,, ....• ·,., ..................•........ --.. , .. , ...... -- ... , ........ : .... ..... ............. --. , ....... . 17 
10. Sandstone, light gray, fine-grained ............................... ....... , .............. . 

9. Sh'ale, bU'ft ..... __ ..... ' ........... .. .-.. ' .. ....... ~ ....................................... -' ... :.: ....... ' .... . 
7 

22 
8. Limestone, light gray, shaly, weathers to slabs having rough white 

surfaces. ' Ivan member .. __ ~ ... : .. ~ .. ...... : ..... : .. ~ . ~ . : .... .' .. : __ .. .......... . ......... . 56 
6'. Sandstone, brownish-yellow. Avis member ..... ......... .......... ...... ....... .. . 5 

GRAHAM FORMATION- . ' 
Wayland Shale , .. ' '. . . . , . '. . 

5. Shale, light yellow, unfossil(ferous: .... ~ .... .......... ..... ........ ... ........ ...... ... . 17 

" 'i·: i~:t::t~:~:d::E~!~~:i;f~~~:~~f-~~·:~~·.·~·-.~::·:·:·:~~.:~.:~~~:.:~ ... :~~~ ... :~.:.:.:.:.: .. ::~;.:~:.:~~: .. :: 
Gunsight Limestone , . "" , ' . ' 

' \ 1. Limestone, blue-gray, impure, do~~retionary, fossiliferous ....... ........ . 

17 
1 
9 

2 

Section of the Thrifty formation , o~ Jose Padilla Survey, seven miles ' northeast of , 
( '~ , 
;' Thrift,y, Brown County 

Measured by C, A. Hammill. .(Tin fig, 13) 
Thickness 

Feet 
THRIFTY FORMATION-

15. Limestone (Upper Chaffin .b.ed of Drake), dark blue-gray, fossilif-
erous. Breckenridge member ... . ;.,., .... .................. , __ ... ............. .... ,.... ; 1 

14. Shale, red siderite nodules near centre, sandy in lower part .. ..... __ ... 47 
13 . Limestone (Lower Chaffin bed of Drake), grayish-yellow, weathers 

to small.chips and nodules. BJach Ranch member (?) .. ..... ...... ..... 2 
12. Shale ....... ' ........... ......................................... . : .. :... .... ............ ........... ........ 14 

-;< ., 1. 

11. Limestone, gray, nodular, very soft ........... ....... ..... ....... . __ .. .... .. __ .... __ ... 1 
10. Shale, varicolored, and red and gray········ .. ····· ..... __ .. · __ ............ ....... __ .. 15 

9. Limestone (Speck Mountain bed of Drake) reddish-gray. Ivan 
member .......... .............. ....................... ................ .......... .. ........ __ ....... 2 

. 8. Shale ............... .......... . -- ...................... .. __ ... .......... ............ .............. ....... 15 
7. 
6. 
5. 

4. 
3. 
2,. 

Sandstone, shaly, calcareous ........... .. ........ ...... ..... .......... .... ................. . 
Shale, light yellow, very sandy ... ..... ....... .................. ..... ............ ....... .. . 
Limestone (Bellerophon bed of Drake), crystalline, weathers to 

small rounded pebbles ................. ................................... ............ ..... . 
Shale, varicolored ........... ........... ............... ..... ............................... ........ . 
Limestone, light gray, crystalline, lenticular ....... ... .................... ....... . 
Sandstone, grayish brown, soft, ·calcareous. Avis member ..... ... ..... . 

2 
15 

3 
35 

1 
5 

Total thickness .. .......................•......... ........ .. ....... : ..... .......... __ .... 158 
GRAHAM FORMATION-

1. Shale, dark, very fossiliferous. Wayland member.... .... .. ............ ...... 20 
Limestone (Gunsight member) at base. 
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'The northernmost seCtions of the ,Thrifty formation in Young ::Cbunty 
contain fewer limestone' Ia;Y'el's,- thIcker and ' coarser ' grained sandstones 
hiiving riumerous lentils of conglomerate and coal plants which ' indiCate 
near-shore ' conditions of' 'sedimentation. -, Southward -in Stephens County 
iri' the vIcinity of Ivan a. 'third liinestoneappears in the section below the 
Blach' R~!.lich limestone; and,the shales' areless sandy but show red and 
purple colors, have mud cracks, and contain lentils of cross-bedded ' sand; 
all' being indications ' bf 'sha-lIbw waters and land ' intervals. ' Still farfher 
sduthjn Eastland and ' Bl~owncouriti'es a fourth iimesfone appears which 
containsabundarit corals and Belle?'ophon shells,and , the sandstones are 
thimier arid less 'numerous: InMcCullochCbunty iil'theextremesouthern..: 
most sections are thin coal beds and' carbonaceous shales in the lower part 
of the sections, whereas the shales and limestones above are very fossilif­
erous, a sequence that indic'ates' an alternatIoll'of coastal swamps and car­
bon~ceous deposits with shallow-water marine sediments. 
r:-l'pdleontotoi;Y.~Th~ 'ThiiftY fo~matlon ~ ~o~ms a rath~rnoteworthy ' con­
~r~~t ' ih the matter of fossil contep.t to the ,underlying Graham formation: 
for most of'ifs limestones and shales are much less fossiliferous. ' [nthe 
ihne~~ories which conta,insom~ i~vertebrate remains ~he fossils a~e fo~ th~ 
most part very poorly prel';erved and fmgmentary. ', During the course of 
the survey by the s-eologists of the 'Roxanan Petroleum Corporation which~ 
do far as ,the Thrifty formation is concerned, was mainly in the Brazos 
River VaIley~ only a 'few fragmentary fossils, except abundant Campophyl~ 
lum ' to;';quium/ Syr'ingopom1nultattenuata, Fusulina · and ArcheocidaTis; 
~er~ ' colleCted and there has notbeen opportunity for the writers to make 
a, ', speCiallnyestigation of the.fossil content 6f this division. 
' In the Colorado ' RIver ' ValleYD'rake records fossils from strata which 

il~e ' referred td ',~he ThrIfty fd'matio~ arid which give an indication of the 
iduna' af i~ast ' in thjs regiqn~ The following table shows the species; re-
p6rted by Drake: ,. ' 

Fauna of the Thrifty formation ' 

Fusulina cyl~rtdrica 
LophophyllU1n pro/undum ' 
Campop,hyllmn t01·quium . 
Syringopora 1m! ltattenuata 
Hydreionocrinus acanthophorus 
Archeocidiwis sp. 1, 2 
Tabu lipora carbonaria 
Fenestella sp, ' 
Septopora bise1'ialis 
De1'bya crassa 
Chonetes g1'amdife1' 
Produetus pe1'tenuis 
Productus C01'a 
Productus costu tus 
Pustula neb1'uskensis 
Pus tula punctata 
M(JItgini/era splendens ? 

Enteletes he1niplicata 
, Pugnax osagensis 
Spi1-i/e1' cameratus 
Squwnt1tla1-ia pm'plexa 
Ambocoelia planoconvexa 
Spi1'i/e1-ina lcentuclciensis 

, Dielasma bovidens 
Hustedia monnoni 
Composita subtilita 
Pinna pe1'acuta 
Allorisma subcuneatu1n 
WorthenicL tabulata? 
Bellr3?"ophon m'ussus 
Schizosto'ma catilloides 
Conu la1'ia crustulu 
Phillipsia sp. 
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The most noteworthy feature in connection with this list is the disap­
pearance of a .large number of the species which were found in the Graham 
formation and the introduction of some new elements, particularly 
Enteletes hemiplicata and true Chonetes granulifer which are abundant 
in the succeeding Harpersville formation. AlloTisma subcuneatum, and 
Pinna pemcuta are important elements in the faunas of the higher divi­
sions of the Cisco. 

COTr·elation.-In so far as the fauna of the Thrifty formation is known 
it may be referred with little question to a horizon younger than the 
Wewoka. On the basis of the similar change in fauna in the Kansas 
section the Thrifty formation of Texas may be correlated with the horizon 
of the Lansing formation of the Kansas section. 

HARPERSVILLE I;,:ORMATION 

Name and De/inition.-The Harpersville formation has been named from 
the small town of Harpersville in Stephens County located 10 miles south 
of Breckenridge. The formation includes all the strata from the top of 
the Breckenridge limestone to the top of the Saddle Creek limestone or 
its equivalent stratum. The Saddle Creek limestone has been mapped by 
Drake in the Colorado River Valley, and in the northern district it is 
best described as the limestone forming the top of the tank hill at Cisco. 
The Saddle Creek bed lies about 60 to 80 feet above Coal Bed No. 6 of 
Texas reports. Northward the limestone changes to a calcareous sand­
stone. At its horizon, there is nearly everywhere a prominent escarpment 
which is easily traceable, so that the formation is everywhere readily 
mappable. The Harpersville formation as thus defined includes the well­
known Waldrip strata of Drake and the Saddle Creek bed of the Colorado 
coal field. It is easily distinguished by the characteristic carbonaceous 
and ferruginous shales containing siderite and limonite concretions asso­
ciated with Coal Bed No. 6 and by its persistent fauna rich in crinoid 
fragments, large Chonetes meekianus and Myalina shells which occur 
chiefly in the shales and limestones above the coal. 

Extent and Thickness.-The Harpersville formation is easily followed 
from the north-central part of Young County through Newcastle and old 
Fort Belknap to Crystal Falls on Clear Fork of the Brazos River and 
thence south across Stephens County through Breckenridge and Harpers­
ville to Cisco. In the Colorado River Valley south of the Cretaceous 
sand it appears east of the town of Crosscut and runs southwestward in a 
belt of outcrop averaging three and one-half miles wide through Grosvenor 
and Rockwood to Waldrip on the Colorado River. From Waldrip the 
outcrop narrows to about two miles and strikes due south to the Creta­
ceous sand belt southwest of Lohn postoffice. 

The Harpersville formation has a thickness of 200 to 275 feet through­
out its extent, and its outcrop, except at the very southern extremity, is 
from three to five miles wide. 
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Noteworthy Exposures.-Excellent exposures of the Harpersville forma­
tion may be seen along Salt Fork of the Brazos River just south of old 
Fort Belknap and along the road east of Newcastle in Young County, along 
Clear Fork of the Brazos River west of Crystal Falls in Stephens County, · 
north of Cisco in Eastland County, along the Brownwood-Coleman road 
halfway between Bangs and Santa Anna in Brown County, and at Waldrip 
near the Colorado River in McCulloch County. 

Lithologic Chamcter.~The Harpersville formation consists of basal 
beds of coarse thick sandstones, which grade in places to conglomerates; 
middle beds composed of an alternation of fossiliferous buff and yellow­
brown limestones, irregularly bedded calcareous sandstones, carbonaceous 
and ferruginous shales, and thin beds of coal; and upper beds consisting 
of a thick, massive, coarse, persistent sandstone capped in many places by 
a hard gray limestone. The conglomerates of the lower part of the for­
mation are made up of hard subangular pebbles of quartzite and chert 
a quarter inch to an inch in diameter, in a matrix of brown sand. The 
limestones are, with the exception of the uppermost, not very persistent 
and grade laterally into clastic materials. The associated carbonaceous 
shales in the middle part of the formation are quite persistent and are 
distinguished by their large and small bright red concretions of hematite, 
brown siderite, and black hematite nodules. In many places adjacent to 
the coal beds the shales contain much sulphur and many gypsum crystals. 
The coal beds are variable in thickness and quality and do not lie at exactly 
the same horizon in all outcrops, though they are confined to an interval 
of 80 to 100 feet. In places there are two or more coals in the same 
section, Except in a few localities, as at Cisco and Newcastle, the coal is 
shaly, thin, and of inferior quality and is made up of a mass of fragpe, 
poorly preserved plant remains showing fragments of leaves and stems. 
Most or the shales above the coal are very fossilferous and contain a fauna 
rich in Pennsylvanian forms. The upper limestone which caps the forma­
tion is dense, crystalline, dark gray, fossiliferous, and forms a prominent 
escarpment. It changes in the north into a massive calcareous sandstone. 
Locally there are found other limestones in the upper part of the Harpers­
ville, one characterized by its abundant content of Myalina subquadrata, 
and another which is yellow to buff, massive and very fossiliferous. 

Harp ersville Fon1'wtion in the Bmzos Rive1' Valley.-In the northern 
part of the Harpersville outcrop, in the Brazos River Valley, the following 
members have been differentiated in the course of field studies. 

H a1'pe1'sville Fonnation--
Saddle Creek limestone member 
Shale and sandstone 
Belknap limestone lentil 
Shale, sandstone, limestone and coal 
Crystal F aJls limestone lentil 
Sandstone and shale 

The character of the Harpersville formation changes in detail from place 
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to place so that it is difficult to trace individual beds for considerable dis­
tances. Three of the limestones are sufficiently persistent to permit the 
application of stratigraphic names, the bed at the top of the formation and 

. two in the middle portion. The lowermost limestone, which is here named 
the Crystal Falls lentil, from the town of Crystal Falls in Stephens County, 
occurs 40 to 80 feet above the base of the formation. It consists of yellow 
or gray limestone, weathering locally red or purple, with an average thick­
ness of 2 or 3 feet. It is traced north from its outcrop just west of Crystal 
Falls into Young County but it has not been identified definitely to the 
south in Eastland County. 

The next higher persistent limestone is typically developed in northern 
Stephens and in Young counties. It is named the Belknap bed, from old 
Fort Belknap in Young County. It occurs about 60 to 80 feet above the 
Crystal Falls limestone and 30 to 50 feet below the top of the formation. 
The Belknap is yellow to buff in color, has a thickness of 2 to 4 feet and is 
locally very fossiliferous. Typical exposures are found in the vicinity 
of Newcastle, Young County, where it lies above the workable coal bed. 
Since the uppermost limestone of the Harpersville is absent in this region, 
the Belknap has been miscorrelated with it by some workers. 

A thin limestone appears in northern Stephens County, about 20 feet 
above the Belknap, which is made up almost wholly of the shells of Myalina 
subquadmta. This Myalina bed is traceable for long distances by the 
many specimens of this pelecypod which weather out from it. 

The topmost limestone of the formation has been identified with the 
Saddle Creek limestone of Drake in the Colorado coal field , and is one of 
the most persistent subdivisions of the Harpersville formation. It is much 
thinner in the Brazos River Valley than in the south, its average thickness 
being about 1 to 3 feet. North of Stephens County it grades into calca­
reous sandstone, the escarpment of which has been traced as far as 
Shackelford County. The Saddle Creek bed is not very fossiliferous. A 
shale below the Saddle Creek limestone and just above the coal in Eastland 
and Stephens counties is recognizable on account of the prolific and varied 
fauna which has been obtained from it. 

Northwest of Newcastle in northern Young County and southeastern 
Clay County the formation is made up largely of thick beds of coarse sand 
and shale and a few limestones. 

Harpe1'sville FOl'mation in the Colorado Rive?' Valley.-In the Colorado 
River Valley the Harpersville formation consists of a persistent dark gray 
limestone at the top, the Saddle Creek member, and beneath it a series of 
blue clays, carbonaceous and ferruginous shales, containing lenses of sand­
stone and a few conglomerate beds, and three limestone beds, buff, yel­
low, and brown in color. The three limestones were designated the Waldrip 
beds 1, 2, and 3 by Drake. The uppermost of these three limestone layers 
contains many Fusulina and, more rarely,other fossils, so that it is quite 
easily recognized and possibly is to be correlated with the Belknap lime­
stone of the Brazos River Valley. The coal is black, very thin-bedded, 
soft, and shaly, and contains a mass of coal plant leaves and fragments. 
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This coal has been worked in the vicinity of Waldrip and Rockwood but is 
too thin and of too Iowa grade to be profitable. 

Detailed Sections.-Typical sections of the Harpersville formation se­
lected from the work of several g.eologists are presented below to show the 
characteristics in the different areas. It will be seen that although the 
formation contains a greater proportion of sandstone and conglomerate in 
the. northern districts and varies with respect to individual strata in 
different areas, as a whole the character of the formation is quite uniform 
throughout the extent of its outcrop across north Texas extending for over 
180 miles. 

Section of the Harpersville formation on Graham Ranch, seven miles south of 

Newcastle, Young County 

Measured by J. G. Burtt. (U in fig. 13) 

HARPERSVILLE FORMATION-

Thickriess 
Feet 

15. Sandstone, dark reddish-brown, contains lenses of conglomerate.. .. 25 
14. Limestone, buff, nodular, very fossiliferous . Belknap member... ... 2 
13. Shale, buff, red, and bright purple_ .. ..... .. ............ ... _ ..... ___ .... __ .............. 15 
12. Sandstone, dark r ed, ferruginous._ ._ ....... _ ..... ... ...... .... ..... __ . ______ ...... ........ 30 
11. Sandstone, shaly ___ ._ ..... __ .... ..... ... ___ .... _ .......... _............. ............................ 6 
10. Coal, black, thin-bedded, bony .... ____ .. __ ...... _ ....................... ___ . __ ..... ......... 2 

9. Shale, gray, contains coal plants __ __ ._ ..... _ ............................. _ ......... __ ... 10 
8. Limestone, gray, fossiliferous ... _______ ........... ....................... __ ._.. ........ .... 4 
7. Shale ....... ............. ..... _ ........... .......... _ ........... . _ ..................................... _.. . 16 
6. Limestone, nodular, weathers to reddish surface. Crystal Falls 

member ....... ....... ........................ _._._ .... _ ............. .......... _____ ................. _ . 2 
5. Shale, gray, sandy, contains lentils of sand ... ................ _............. ..... .... 28 
4. Limestone, gray, weathers to rounded nodules forming upper bench 6 
3. Sandstone, yellow, sofL ........... ___ .. __ _ ....... _ ............... ......... ____ ............... 10 
2. Shale, gray to bufL .. .................. _ .. _ .............................. .................... ___ . 44 

Total thickness .... _ .......... _ ... __ . __ ............................... _........... ....... 200 
THRIFTY FORMATION--;-

Limestone, yellow-gray. Breckenridge member ............ _. _._... ....... ..... 3 

Section of Harpersville formation along Clear Fork of Brazos River west of 

Crystal Falls, Stephens County 

Measured by J. Armstrong. (V in fig. 13) 

HARPERSVILLE FORMATION-

Thickness 
Feet 

15. Limestone, buff, sandy. Saddle Creek member ......... ... __ ._ ..... ......... ___ . 1 
14. Shale, contains lenses of sand and conglomerate ........ . __ . __ .. _.. ........... 50 
13. Limestone, yellow-brown, weathered surfaces have the appearance 

of sunbaked clay, shaly, impure._ ...... ...... ..... ......... ..... _ .. _._... .......... .. 1-3 
12. Shale, varicolored, contains lenses of sand .. ....... ... ..... .... ______ ._ ......... . __ . 63 
11. Limestone, light to brownish-gray, nodular, lightest colored where 

most weather ed. Belknap member ........ ........ ...... .... _._ ... ___ ....... ... __ . 1-4 
10. Shale, gray, contains lenses of thick sand .. .................... ... __ ................. 20 
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9, Limestone, gray to yellow, lenticular, contains large oval-shaped 
concretions of liinestone. ............. .................. .................................. 5 

8. Shale, gray and black, contains ferruginous concretions........ .......... 5 
7. Coal .............. ..... .. ..... ...... .. ... ........ ..... .................. ...... ............................ 1 
6. Shale ............. ....... .............. .. .. .............. -r. ...... ......... . ........... .... . .............. 10 
5. Limestone, yellow, weather s to purplish-red surface.................... ...... 1 
4. Shale, contains lenses 01' sand....... .................... ......................... .......... 20 
3. Limestone, yello·w, weathers to red and purple shades. Crystal Falls 

Inelnber ............... ......... :.. ... .................................. ............................ 1 
2. Shale, contains lenses of sand.......... ......... .. ............................ ............. 48 

Total thickness.. ..... ........ ......................... .......... ............ ............ 231 
THRIFTY FORMATION-

1. Limestone, blue-gray, massive, solid, smooth surfaced, blotched with 
small rounded darker blotches in matrix of lighter gray lime-
stone, non-fossiliferous. Breckenridge member......... ................... 4 

Section of Harpersville formation, three miles northwest of Cisco, Eastland County 

Measured by C. A. Hamil\. (W in fig. 13) 

HARPERSVILLE FORMATION-
18. Limestone, dark grayish-blue, medium fine-grained, contains small 

calcite crystals, sparingly fossiliferous, thick-bedded, forms 
prominent scarp, weathers to slabs and blocks with rough sur-

Thickness 
Feet 

faces. Saddle Creek member.. ... ............... .. ............. ..................... 2 
17. Shale, gray and blue, sandy, fossiliferous.. .. ......... ....... .... .................. 45 
16. Coal, black, soft, poor........ ................... ........................ .......... .. ...... ....... 3 
15. Shale ............. .............. ............ ........................... .......... ..... ..... ........... ..... 25 
14. Coal, black, medium hard, good grade, mined northeast of Cisco.... 2 % 
13. Sandstone, dark brown in upper portion, light brown and gray in 

lower part, shaly in places......... ...... .......... ....... ....... ...... .......... ......... 50 
12. Shale, gray. .............. ............... .......... ..... .................. ....................... ....... . 5 
11. Limestone, gray and brown, weathers to small rounded masses... ..... 1 Y2 
10. Shale, buff............. ............. ................... ....... ........... ...... ...... .... ....... ........ 26 

9. Sandstone, buff, calcareous, shaly........................................ ..... ........... l' 
8. Shale, gray and r ed, contains iron nodules at top.. ....... .... ................. 17 % 
7. Limestone, blue-gray, thick-bedded, fossiliferous .. ·....... ..................... 5 
6. Shale, buff. ....... ...... ............ .. ... ...... ........ ........................ ............... ........ 44 
5. Limestone, dark gray, weathers to rough pitted surface............... ..... 1 
4. Shale .................. ........ ..... ................................................. ...... ..... ...... ..... 21 % 
3. Sandstone and conglomerate, dark gray to brown calcareous, breaks 

off into large blocks, angular pebble conglomerate at top.......... .. 64 
2. Limestone, dark gray to brown, weathers to small blocks and 

nodules, characterized everywhere by large quantities of echinoid 
spines that weather out of the rock......... ..... ................. .. ..... .... ........ 2 

1. Shale, yellowish-gray, sandy, contains lentils of sandstone in lower 
portion ... ............ .... .......................... .......... .. ............ .. .............. ......... 32 

Total . thickness.................................. ..................... ....... ....... ..... 348 
Thrifty formation, Breckenridge limestone at base. 
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Section of Harpersville formation on south side of Coon Mt., section 39, to base of 
Indian Mt., section 649, two and one-half miles nOl;"th of Grosvenor, Brown County 

(X in fig. 13) 

Thickness 
Feet 

CRETACEOUS-
21. Sandstone, yellow, white, limy, friable. Coon Mt. sandstone of 

Drake ......... ...... .......... ......... .............. ... ... ................................. .. .... ... 22 
HARPERSVILLE FORMATION-

20. Limestone, blue-gray, weathers to large pieces. Saddle Creek mem-
ber .. ................ ............................ ............. ... ................ ...................... 2 

19. Shale, gray................................ ................. ... .. .............. ............... ......... 11 -
18, Shale, brilliantly colored, red, green, contains gypsum....... ...... ....... .. 5lh 
17. Shale, red and blue.... ............... ....... ..... .............. .......................... ....... .. 11 
16. Sandstone, gray, thin-bedded...... ..... .... .. ...... ..... ............ ... ....... ........ .... .. 5 
15. Shale, varicolor ed.................................. ....... ............ .. .... ......... ...... ... .... . 26 
14. Sandstone, light gray ....... ................. ......... ~ . . . . ... .. . ....... ... .... . .. .. ... .. .. .. . . .. 1 
13. Shale, light gray, contains siderite nodules.... ...... .. ... ........... ................ 22 
12. Shale, blue, contains carbonaceous siderite nodules........ ........ ......... . 2 
11. Shale, yellow................ ....................... .... ..... ........ .... ....... ... ...... .. ........ .. 12 12 
10. Sandstone, dark gray.............................. ............ ............. ...... .. ............. 3 

9. Shale, varicolored. ....... ........................... .. ...... ........... ..... .............. ......... 12 
8. Sandstone, light gray................. ............... ....... ............... .................. .... 2 
7. Shale, varicolored, sandy at base. ............. ... .. .................... .......... ........ . 1612 
6. Limestone, dark blue-gray, contains Fusulina and other fossils. No. _ 

3 of Drake's Waldrip bed.. ........... .............. ............... ........ ..... .. ..... .... 11 
5. Shale, gray and varicolored, contains f errug inous concretions........ 47 
4. Limestone, grayish-yellow, weather s to small yellow pieces an d is 

nodular. No.2 of Drake's Waldrip bed......................... .... ........... .. 2 
-3. Shale, buff .. ................. ..... ... .... ... ,........ ....................... ......... .............. .... . 14 
2. Limestone, gray, nodular, very rotten, No.1 (?) of Drake's Waldrip 

bed ......... ........... .............................. ........ ................ ......... ................. 1 
1. Shale, sandy, contains some sandstone........... ..................... ........ ..... .. . 32 

Total thickness of Harpersville formation......... ...... ..... .. ..... . 23 7 12 

Section of Harpersville formation, between Rockwood and Bull Creek, 

McCulloch County 

13. 
12. 
11. 

10. 
9. 
8. 
7. 

Measured by N. F. Drake.75 (Y in fig. '13) 

Limestone. Saddle Creek member ....... .. ... ... ..... ........ ... ... .............. .. .. . . 
Clay .... .......... ...... ........ ..... ... ............. ............ ......... .. .... .. .... ....... ....... ... .. . 
Limestone , dark blue, gray, or brown, hard, brittle, contains 

abundant Fusulina. No.3 of Drake's Waldrip bed ..... ........ .......... . 
Clay, sandy, mostly light red .. .............. ....... .. ............... .. .... ............ ... .. . 
Sandstone, white, massive ...... ... .... ...... ....... ...... .. .... .......... ................ ... . 
Clay, shaly, pink to blue ..... .......................................... .................. .... .. . 

Thickness 
Feet 

6 
50 

1 
10 

5 
15 

Limestone, hard, massive, weathers to dark gray. No. 2 of Drake's 
Waldrip bed ........ ................... ........... .............. .... ............. ..... ......... ... .. 2 

75Drake, N. F ., The Colorado Coal Field : Geol. Surv. Texas, 4th Ann. Rept., p. 413, 
1892. 
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6. Clay, blue.......... ........................................... ............. ........................... . 30 
5. Limestone No.1, white, . rotten, impure .... ... ............................... ........ · 1 % 
4. Clay, blue, with little shaly sandstone near top and siderite nodules 

in central part.............. ...... ............. ... ........ .......... ................ ............ 75 
3. Coal .. ............. ....................... ....................... ............... ................ ,......... 2 
2. Clay, blue....... ........... ...... ............ ................. ...... ........ ........................... 50 
1. Sandstone ..................... .......... ............. ....... .... ....... ....... ........... ............ 10 

Total thickness............... ............. ..... ...... .. ...... ....................... .... 257 % 

Paleontology.-The fauna of the Harpersville formation is determined 
from a considerable number of collections both in the Brazos and Colorado 
river valleys.In the north the collections were made chiefly from the Belk­
nap limestone member ·in the vicinity of Newcastle (iocalities 55.1 to 55.6 
inclusive) and near the town of Loving (loc. 55.11), from beds above and 
below the Belknap near Breckenridge (loc. 64.1, 65.1, 65.4)., from the 
shale in the upper part of the Harpersville just above the main coal bed 
near Cisco and Putnam (loc. 88.1 to 88.7, inclusive, 89.4 to 89.6), from the 
Saddle Creek limestone at Crosscut (105.2) and northwest of Brownwood 
(112.2, 112.4 to 112.6). These collections represent, then, chiefly the middle 
and upper parts of the formation. The coal bed near the middle of the 
formation and the superjacent fossiliferous shale and limestone may be 
traced without difficulty for long distances along the outcrop, the fauna 
retaining essentially the same features both in the north, as far as ex­
amined, and in the south. 

In addition to a somewhat greater prominence of crinoid and bryozoan 
remains in the Harpersville which include a number of species such as 
Cystodictya n. sp., Fenestellas, Polyporas and Septoporas, which are not 
common below, the presence of abundant Chonetes granulit e?' meelcianus, a 
robust, alate shell which appears to be associated with the higher part of the 
Pennsylvanian, and of Enteletes hemiplicata, gives an aspect to the fauna 
which is. entirely different from that of the Graham. Among the pelecy­
pods Myalina subquadmta and other species of this genus, Allorisma sub­
cuneatum and Pinna pemcuta are the most important. The characteristic 
group of pelecypods, gastropods and cephalopods which appears to be asso­
ciated everywhere with the Wewoka group of invertebrates in the different 
formations where it is found, is here almost entirely lacking. 

The · following table shows the species which have been identified from 
, the Harpersville formation in Texas. 
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Fauna of the Harpersville Formation 

L 0 CAL I '1' IE S 

FAUNA 

~~;~~;~y~f~I~ .. ;;:~f.~.~d~~ .. :::::::::::: '~'I ~ :::: .~. :::: .~. ·~·I: : :: . ~ .. ~ ......... .... X I··· · I · ·~~ 
Lophophyllum profund. radicosum ........ .... .... ........... . ............. ~. :: :: :::: :::: ~ ~ 
*Campophyllum torquium .... ....................... . ................ .... .... .... ........ X .• ·t···· 
Axophyllul11 rude ........................... ... ............ .. .. ' .. ' .... .... .... .... ... . .... .... x . ....... . 
Spirorbis sp. ........................ ..... ..... . ... .. .. ... . ... . .... .... .... .. .. .. .. .... .... x .... ........... . 
Hydreionocrinus sp ..... .................. ..... ....... .... .... .... .... ... . x .... .. .. x x .... ····t···· 
Delocrinus hemisphericus ............ x .... , ............ ......... ....................... .... ....... . 

~:i~~~t~~e~~ ~~d · · ~i~t·~~:::::::::::::J~·I·~·! .~ .. ~ .. ; .. ; .. ;. ';'\ ~ .;. ~ .;. ~ .;. ·~·I·;· 
Archeocidaris aculeata ......... ... ............ 1 ................ .... . : .. .... ............ ........ x I···· 

~~~~~~c~::r~O~~iif·~~:~··:::::: :: : ::::::::: :::: .~.I.~ . :::: .~ .. ~. :::: :::: :::: :::: :::: .~ .I :::: :::: .~ : r .~. 
Fistulipora sp. ........................... ... .. .. .... ... . .... .... .... .... .... ... . x.... .. .. .... .... x 
Tabulipora spinulosa ? ........ .... ... . .... .... .... .... .... .... .. .. .... .... .. .. x 
F enestella gracilis ...................... .. .. .......... ' ." .... ... . .. .. .. .. x .. " .... ... . 
F enestella limbata ? .......... .......... .... .... .... .... . .. . .. ..... . x ... ..... .... x 
Fenestella per elegans ......... ......... .... .... .... .. .. .... .... ... . .. .. x ... . ····1···-)-··· ........ , ... . 
Fenestella co~radi-compactilis .. .. 1.... .... .... .... .... .... .. .. .... .... .... x .... .... ... . 
Fenestella trmodata ............ ........ ...... ....... ... ........ .. ... ... .... .. .. ..... ... " .' .... x ... . 
Fenestella sp . ........................ ......... ....... .... . ' " ... . .... .... ................ x ... . x ····1···· 
Polyp ora spinulifera ............ .. .... .. .... ... . ... . .. .. .... .. .. .... ... . . ....... .... .... .... x ... . 
Polyp ora sp. .................. ............. ... .... ... . ... . ... . .... .... .... .... .... .... .... x .... .... .... ... . 
*Septopora biserialis ....... .... ......... .. .. .... .. .. .. .. .. .......... ........ .. ........ .. .... ........... . 
Septopora biserialis nervata .... .... 1.... .... .... .. .. .... .... .... .... .... .... .... x 

~:~~~~~~: ~;~u.~~.~ ... ::::::::::::::::::::::::I:::: :::: :: :: :::: :::: :::: :::: :::: .;. :::: :::: .;. :::: .; .. ~. :::: 
~~~:~~~~~:: !~~i~.~~~~~~:~.i.~.~~ ... :::: :::: ..... ~. :: :: :: :: :::: :: :: : :: :: .~ . :::: .~ . ::::1:::: :::: 
Cystodictya :t . sp. ................ ........ .. .... .... .... .... .... .... .... x .... .... .... x , x 
St r eblotrypa ulric hi ............ .......... ......... ... .. .. .... ..... '. ' x.... .... .. .. x x 
Lingula umbonata ? .................... .... .... .. .. .... .. .. .... .... .... .... x ........ ... . 
Enteletes hemiplicata .................. x x .... x ....... . ' .. ' ... . .... x x x ... . 
Derbya crassa ... ........... .. .... ........ .. .... x.... .... .... .... .... x .. .. x x .... x .... ....... . 
Del~bya cymbula ___ ________ ___ _ . ___ ._____ ___ x _. __ ____ .___ ---- .- -- -- -- x -- -- --- - -.-- --- - .--- -- --
Meekella striat ocostata ............. ... ........ '." .... .... .... .... x ............ ····1···· 
Chonetes granulifer meekianus .... x x x x x x x ... . x x x .... x x x x 
Chonetes sp. ............................ .... .. .... .... ... . .. .. ... . .... .... .... x ............. .. . 
Productus cora .................... ..... ..... x x x x .... x x .... x x .... .... ... . x x 
Productus coloradoensis ? ..... ....... .... x .... .... ... . x x .... x ............... . 
Productus pertenuis ? ................. . x 

*Productus semireticulatus .. .... .. . . 
Mal'ginifel'a splendens ........ .. ........ x x .. , ..... x x ................ x ... . 
Mal'ginifel'a 111ul'ica ta ? ................ .... x 
Pustula punctata ................ .......... x x .... .. ...... .... x 

Pustula nebl'askensis .. ............. ..... x x ............ x .... x x .... " .' .. .. x .... 
Pustula symmetrica ? .. .. .............. x .... .. .. ' ." .. ...... .... .... .... .. .. .... ......... ... .... ... . 
*Pugnax uta __ ______________________ __ ________ ._. ________ _ __ __ ---- ---- ---- --- - ---- . _0- .-- - - - -- ___ A - - - - . _-- ----

Dielasma bovidens .................... .... x ... . .... .. .. ........ .... .... ............ '." .... . '" x, ... . 

* Reported by Drake. 
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~1~1~ 1~1 ~1~1~'I~I~I~II~I~I~I~I~I~ ~~ ~~~ ~~~~~oooooo ~~~ 

FAUNA 

Spirifer cameratus ...................... 1 x 1 x 1 x 1 x 1 x 1 x 1 x I··· · ·~·-~x-x-·xr··x 
Ambocoelia planoconvexa .. .......... x I .. ...... 1 ........................ ............ ............... . 
Spiriferina kentuckiensis ............ x x ....... . .... ............ x ........ ............ x x 
Hustedia mormoni ....................... ............. ........ ........ ........ x x ........ ........... . 
Composita subtilita ...................... ... . x .... .... x... . .... .... .... x x .... x ........ ... . 

a;~~:~~~:~~!~:::::i: · ·: :::::::::::::::J~: :~. ::.: :::: ::.: :::: :::: :~: :~: :::: :::: :~: .~. :::: :::: :::: 
Myalina kansasensis ? .......... .. ...... 1 ........................................ ...... .. x .... ....... . 

:;:~!~: :;~~~~~~~'.~.~~ .. ::::: : :: :::::::~: ::: :::: ·~· I :::: :::: :::: :::: :::: ~ .~. ::::! :::: :::: .~. :::: ::.:: :::: 
Streblopteria hertzeri ···· ··············I ···· I····! .. .. 1 . .. . 1 ... ....... ... ....... 1 .... 1 ............ .... .... x 
Aviculopecten sp. . ............. ............ , .... 1 .... 1 .... 

1 
. ... 1 ..... .. . 1 .... ····1···· .... .... x ... . .... .... ... . 

* Aviculopecten occidentalis ........ 1 .. .. 1 ........ 1 . . .. 1 ........ 1 .... 1 ..... . . . ···- 1-··· ............ .... ... . 
Deltopecten vanvleeti .................. x I .... , .... ···.1 -··· ·· ·· 1···· ···· 1···· ····1 ···· ............ .... x 
Allorisma subcuneatum ................ 1 .... 1 .... 1 .... 1 .... 1 .... 1 x 1 .. ·.1 ........ ····1 x ····1 x .... x x 
Astartella concentrica .................. 1 .... 1 .... 1 .. .. 1 .... .... 1 .... 1 .... 1 .... 1 .... 1 ........ x, ........ ....... . 
Bellerophon sp . .............. .............. .. 1 x 1-···1-··· --.. 1-···1····1···-1-··· ........................ ....... . 
Euphe.mus carbonariu.s ................ 1 .... 1 .... 

1 

.... i ·· .. 1-··· ···· 1···· .... .... .... .... x ............... . 
Pharkldonotus percarmatus ........ .. ...... ·· .. 1 . .. . .... . ... ........ ................ x . ... .... ... . 
Worthenia tabulata : ..................... .... ... .1. ... 1 ........ .................... .... x .... ........ ... . 
Phanerotrema grayvlllense .............. / .... 1 .... .............................. . . . ... x ........... . 
Schizostoma catilloides .. .............. 1 . . ·. ···-1-··-1···· .... .... ····1-···1···· ........ .... 1-···1···· x ... . 
Plagioglypta sp. . ........................... , .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 . ... 1 .... 1 .... 1.... .... x I ............ ... . 
Orthoceras sp ...... .. ···· .......... ·········1····1····1····1····1····1-··· .... 1-···1···· 1-···1 ····\ x I···· ........... . 
Griffithides scitulus ? ........... ·····.···1 .. ··1-···1····1-· .. 1- ··-1 .· .. 1 .. ··1··· -1 x 1-··· 1···· ····1-···1-·· -1····1·· ·· 

C01'reZation.-Since the Harpersville formation follows without break 
the strata included in the Thrifty formation, and since the fauna so far as . 
known is evidently a typical Upper Pennsylvanian assemblage, the writers 
believe that the formation may be correlated approximately with the Doug­
las and perhaps some portion of the Shawnee formations of the Kansas 
section. 

Dr. David White,7G in discussing the correlation of fossil plant-bearing 
beds associated with the coal in the Harpersville at Newcastle, identified 
this horizon with a stage in the Monongahela of the Appalachian trough 
near the top of the Pennsylvanian, a correlation with which the inverte­
brates and the other stratigraphic evidence which has been obtained agree. 

PUEBLO FORMATION 

Name and De/inition.-The Pueblo formation has been named trom the 
town of Pueblo, located on the M., K. & T. Railroad in the northeast corner 
.of Callahan County, where the strata are typically exposed along the valley 
of Battle Creek. This formation comprises all the strata from the top of 

"'Reported by Dmlce. 
16Bull. Am. Assn . Petro. Geol., vol. 3, pp. 148, 149, 1919. 
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HARPERSViLLE FOSSILS 

Figures 1, 2. Spi?'ife?' Ga?lUwatgS, brachial and pedicle valves .of characteristic speci­
mens fr.om the upper part .of the Harpersville west .of Thrifty (112.2). 

Figures 3, 4, 5, 6. Lophophyllwn profundu.m. Upper part .of Harpersville S.outhwest 
.of Gr.osven.or (112.6). 

Figures 7, 8. Delocy·inus sp., spines .of a r.obust species. Upper part .of Harpersville 
s.outhwest .of Gr.osven.or (112.6). 

Figure 9. DeloC?'ings sp., radial plate, P.ossibly bel.onging t.o same species as Figures 
7 and 8. Upper part .of Harpersville west .of Thrifty (112.2). 

Figures 10, 11. Hyd?'eionoc?'inus sp., .outer and inner views .of tW.o characteristic 
spine-bearing plates. Belknap limest.one, n.ortheast .of Newcastle (55.2). 

Figure 12. Deloc?'inus sp., a small spine. Belknap limest.one n.ortheast .of Newcastle ' 
(55.1) . 

Figure 13. Ulocrinu8 occidentalis. Upper part .of Harpersville limest.one s.outhwest 
.of Gr.osvenor (112.6). 

Figure 14. Fistulipom sp. Upper part .of Harpersville west .of Thrifty (112.2). 
Figui'es 15, 16. ATche~cida?is aculeata, tW.o small .ornamented sea urchin spine. 

Upper part .of Harpersville west .of Thrifty (112.2). 
Figure 17. A?'Cheocida?'is sp. Upper part .of Harpersville west .of Thrifty (112.2). 
Figure 18. A?'Cheocida?'is sp., a plate. Belknap limest.one n.ortheast .of Newcastle 

(55.2) . 
Figure 19. Deloc?'inus hemislJhe?-iC'tts, calyx b.ott.om view. Belknap limest.one n.ortheast 

.of Newcastle (55.1). 
Figures 20, 20a, 21, 21a. RhombopoYa lepidodend?·oidea, characteristic specimens 'fr.om 

the upper part .of the Harpersville west .of Thrifty (112.2). Figure 22, same, 
fr.om s.outhwest .of Gr.osven.or (112.6). . 

Figure 23. Tabulipom sp. Upper part .of Harpersville yvest .of Thrifty (112.2). 
Figures 24, 25. FistulipQ?'a nodulife?'a, tW.o characteristic specimens fr.om the upper 

part .of the Harpersville west .of Thrifty, encrusting crin.oid stems (112.2). 
Figures 26, 27. PolY1JO?'a spinulife?'a, tW.o specimens sh.owing reverse and .obverse 

sides fr.om upper part .of Harpersville, fr.om west .of Thrifty and s.outhwest .of 
Gr.osven.or, respectively (112.2), (112.6). 

Figures 28, 28a, 29, 29a. Cystodictya n. sp., fr.om upper part .of Harpersville west .of 
Thrifty (112.2). 
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HARPERSVILLE FOSSILS 

Figures 1, 12. Productus co';'a, characteristic specimens from the Belknap limestone 
northeast of Newcastle (55.1) and (55.2), respectively. 

Figures 2, 3,·4, 5. Chonetes meekianus, a very robust species of the C. granulite?' 
type with pronounced alate form. Characteristic specimens showing respectively 
a pedicle valve, a brachial valve, interior of pedicle valve and interior of brachial 
valve. Figure 3 is from the upper Harpersville west of Thrifty (112.2), the 
:l'emaining specimens from a similar horizon northwest of Cisco (88.3). 

Figure 6. Pustula punctata, a rather poorly preserved specimen from the Belknap 
, limestone northeast of Newcastle (55.2). 

Figures 7, 8, 9, 10.. Spi?'i/erina kentuckiensis, characteristic specimens showing va­
riation in examples from upper part of Harpersville west of Thrifty (112.2). 

Figure 11. Aviculopecten hertzeri, a well preserved specimen from the upper Har­
persville southwest of Thrifty (112.6). 

Figure 13. Aviculopecten vanvleeti. Upper Harpersville southwest of Grosvenor 
(112.6) . 

Figures 14, 15. Hustedia m01"moni, typical but somewhat crushed examples from the 
upper Harpersville northwest of Cisco (88.3). 

Figure 16. O?·thocerns sp. Upper part of Harpersville west of Thrifty (112.2). 
Figure 17. Enteletes hemiplicata, a characteristic specimen from the Belknap lime­

sto~e northeast of Newcastle (55.1). 
Figure .18. Allm'isma subcuneatu?n. Upper part of Harpersville southwest of Gros­

venor (112.6). 
Figure 19. Trepospim de]Yressa. Uppel; part 'of Harpersville west of Thrifty (112.2). 
Figure 20. PW3tula nebraskensis, a characteristic specimen from the Belknap lime­

stone northeast of Newcastle (55.1). 
Figure 21. Pinna pe?"acuta, portion of a specimen from the. Belknap limestone north­

east of Newcastle (55.2). 
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the Saddle Creek limestone or its equivalents to the top of the Camp Colo­
rado limestone which outcrops at old Fort Camp Colorado in Coleman 
County and on each side of Salt Creek near Pueblo. It lies ~onformably 
upon the Harpersville formation and is overlain by the basal clays of the 
Moran strata. Limited as it is by the prominent and persistent Camp 
Colorado and Saddle Creek limestones, the Pueblo formation is one of . the. 
easiest of all of the Cisco units to identify and to trace in mapping. 

Extent and Thiclcness.-The Pueblo formation has been mapped from 
Woodson in the southwest corner of Throckmorton County southward 
through Eolian to the southwest corner of Stephens County. In the north­
east corner of Callahan and northwest corner of Eastland counties it has 
a very tortuous outcrop due to the gentle dip of the strata and the inden­
tation of its beds by the numerous tributaries of Battle Creek, so that its 
outcrop follows the bottom of the valley for many miles back into the over­
lying formation. From the northeast corner of Eastland County its out­
crop runs southward just west of the town of Cisco to Nimrod where it 
passes beneath the Cretaceous overlap. The Pueblo formation may be 
seen again in the northwest corner of Brown County west of the town of 
Crosscut. From there it has been mapped in a fairly uniform belt, having 
an average width of two and one-half miles, southwest through Camp 
Colorado to the Santa Fe Railroad two miles west of Santa Anna and thence 
southwest to the Colorado River west of Waldrip. North of the Creta­
ceous overlap it has a ·quite uniform thickness of 150 to 175 feet. In the 
Colorado River Valley it has about the same average thickness, although 
one measurement near Santa Anna showed a thickness of 205 feet. 

Noteworthy Exposu?'es.-The formation is in most places well exposed 
at almost any point along the line of outcrop, since the Camp Colorado lime­
stone is a good escarpment marker and the belt of outcrop is covered with 
but little vegetation. It has been especially studied in the valley of Battle 
Creek near Pueblo, along the roads northwest of Cisco, at the type locality 
east of old Camp Colorado in Coleman County,and on the Brownwood­
Coleman road west of Santa Anna. 

Lithologic Chamcte?'.-The Pueblo formation is one of the simplest and 
most uniform of the Cisco group. It consists of a massive, fossiliferous 
limestone at the top, succeeded downward by a sandy shale 75 to 125 feet 
thick, containing a few thin beds of calcareous shale, a middle bed of lime­
stone, and a lower shale containing a few lenses of calcareous sandstone 
and rarely a thin yellow limestone. The limestone at the top is a hard, 
impure, buff to gray rock which in places contains much dark colored 
chert. It weathers in small yellow chips with rounded, cracked surfaces. 
The· shales are red, grayish:-pink, and buff tinged with purple and red. The . 
upper layers are commonly sandy and contain thin layers of calcareous · 
sandstone. The lower shales are less argillaceous, more calcareous, and in 
places are characterized by the presence of iron concretions. The shales 
are not, so far as observed, fossiliferous, but fossils are fnund in the lime­
stones. Those in the uppermost limestone are locally abundant. 
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Subdivisions.-The subdivisions of the Pueblo formation which have 
been made in the north and south districts are as follows: 

Colorado River Valley 

Camp Colorado limestone 
Shale (Bed 13 of Drake) 
Stockwether limestone 
Camp Creek shale77 

Brazos River Valley 

Camp Colorado limestone 
Shale 
Eolian limestone 
Shale 

In the northern part of the area the shale beneath the Eolian limestone 
member has an average thickness of about 50 to 60 feet. It contains much 
reddish-brown sandstone. The Eolian member is blue or bluish-gray, hard, 
crystalline and weathers in large, rectangular, yellowish-brown blocks. 
Its average thickness is but one foot and it does not form a prominent 
or persistent escarpment. The upper shale is 75 to 125 feet thick and, like 
the lower division, contains much sand. The Camp Colorado limestone has 
an average thickness of 3 to 6 feet. It forms a prominent,very persistent 
escarpment which is characteristically bare of trees. Chert nodules are 
common at this horizon northwest of Cisco. The bed contains fossils at 
nearly all points. 

In the Colorado River Valley the Camp Colorado limestone is similar to 
the bed described farther north. The Stockwether limestone named by 
Drake in this region, may be equivalent to the Eolian limestone of the 
northern area but this is uncertain. Drakes states: "Most of the bed 
(Camp Colorado) by its containing many black chert nodules, is made dis­
tinct from the Stockwether bed, in which chert is of a yellow color; as it is 
distinguished from the near overlying beds. because those beds do not con­
tain chert nodules." 

The following sections show the uniform character of the Pueblo for­
mation along the outcrop. Following the Harpersville epoch, during which 
a continuous change in the shorelines caused an alternation of beach de­
posits and non-marine peat beds, there was evidently a quiescent epoch 
during which a shallow sea expanded over the entire north Texas area, 
supported an abundant marine life, and received deposits of muds and 
at rare intervals deposits of sands and calcareous oozes in a uniform 
manner. 

77Detailed mapping of the western part of Brown County has shown that the Coon 
Mountain sandstone bed, No. 11 of Drake's section, is largely Cretaceous sands over­
lapping several of the Pennsylvanian beds: Therefore it has been omitted from this 
list. 

7sDrake, N. F., loco cit., p. 418. 
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Section of the Pueblo formation in valley of Sandy Creek, six miles east of Moran, 

Block 7, T. & P. R. R. Survey 
Measured by P. L. Applin. (Z in fig. 13) 

PUEBLO FORMATION-

Thicknpss 
Feet 

16. Limeston e, blue-gray, hard, crystalline, weathers to yellow-brown 
or buff and to small blocks and chips; forms the top of a contin-

15. 
14. 
13. 
12. 
II. 
10. 

9. 
8. 

7. 
6. 
5. 

uous escarpment about 75 feet high ____ _____ ______ ____ ___ ____ __ ___ ___ ________ ___ __ _ 
Shale ___ ___ ________ __ ___ ____ _______ __ ____ ________ __ _____ __ _ -_____ ___ ______ __ _________________________ ___ __ _ 

Sandstone, brown .. ............................ ...... ... .......... -- -- --- -------------------- ------
Shale _____ ___ __ __________ __ ____ ____ _________ ________________ __ ___ ___________ __ ______________________ ___ _ _ 

Sandstone, brown .. ...... ... ...................................... __ __ ____ ___ ___ __ _______ ________ _ _ 
Shale ______ _______ __ ________ _____ ___ ______ __ ___ __________ ___________ __ ____ _______________________ __ _______ _ 

Sandstone, red ... .. ....... ........................... ... ......... -------- ------- --- --- ---- ---- --- -- -
Shale ___________ __ ____ ___ ______________ ______________________ _____ __ ___ ___________________ _________ ____ _ _ 

Limestone, blue, Cl'ystalline, hard, weathers to yellow-brown, ex­
posed on surface as large rectangular blocks and fragments; does 
not form distinctive escarpment, and ledge likely to be inter-
mittent rather t han continuous. Eolian member ....................... .. . 

Shale _____ ________ _____________________________ ___ _____ __ ____ _____ __ ___ ___ ___ _________________________ __ _ 

Sandstone, red ..................... .... ..... .. .... ... .... .... : ... __ ______________________ ________ __ _ 
Shale ___ __ -' _______ ___ ___ _________________ __________ __ ___ ____ ___________________ ___________ _________ ___ __ __ _ 

6 
2 
1 

17 
1 

77 
2 
5 

1 
3 
2 
6 

4. Sandston e, brown .... ............. ..... ................. ...... .. .. __ ___ ___________ ___ ___ ___________ 1 
3, Shale __ __ ____ __ ______ ____ __ ___ ___ __________________________ ___ __ ____________ ___ ___ ____________________ -'____ 5 

2. Sandstone, brown ...................... ... ... ... ................ ... ___ _____________ ____________ __ 2 
1. Shale ___ _____ __ ______ ___ __________ _ ______ _ _____ __ _ ___ ___ ___ _ ___ ___ _____ __ _____ _ ___________ __ _____ ________ __ 32 

Tota l thickness ..... ................................. ....... _________ _____ __ __ _____ ____ _ _ 163 

HARPERSVILLE FORMATION-
Limestone, gray, crystalline, massive, forms high escarpment. 

Saddle Creek member. 

Section of Pueblo formation along Putnam·Cisco road, west of Cisco, Eastland County 
Measured by C. A. Hammill. (A in fig. 13) 

PUEBLO FORMATION-
Thickness 

Feet 
14. Limeston e, gray, heavy, massive, fossiliferous, weathel's into 

rectangular yellowish blocks. Camp Colorado member ______________ __ 
15. Shale, buff and r eddish ____________________ __________ __ ____ ________ __ ______________________ ____ __ 

12. Sandstone, dark brown, calcareous, weathers into large slabs ____ ____ __ __ 
n­

. 10. 

9. 
8. 
7. 
6. 
5. 
4. 

Shale, yellow ________ ____________________________ ______________________ ____ __ __ ________ _____________ _ 

Limestone, yellowish-gray, thin, impure, weathers into small pieces __ 
Shale, variegated, sandy in places __ ____ ________________ __________________ ______ ____ __ 
Sandstone, red, ferruginous, calcareous, non-fossiliferous, platy __ __ 
Shale, buff. ___ ____ ____________ __ ___ ____ ________________ __ ____ ____ _____ ________ __ ___ ________ ________ ____ _ 

Sandstone, brown sandy shale changing to massive sandstone ______ __ __ __ 
Shale, buff. ____ _________ _______________ __________ ___ ___ __ ______________ ______________ ____________ ______ _ 

Limestone, blue-gray, fossiliferous, forms low escarpment one mile 
west of Cisco. Eolian member.. __ __________ __ __ ______ __ __ ______________________ __ __ 

3. Shale, variegated, sandy in places __ __ __________________________ ________ ________________ __ 
2. Sandstone, light gray, calcareous ________ ________ __ ____ __ ____ ____ ______ ____ __ ______ __ __ 
1. Shale, brown _____ __________ __ ___ ___________ ______ ___ ___ __ _____ . __________________ ____ ___ _ , __ __ ____ ____ _ 

(Saddle Creek limestone at base). 

4 
16 

1 
8 

liz 
35 

1 
12 

2 
13 

1 
50 

1 
10 

Total thickness ---------------- --____ ____________________________________________________ 154lh 
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·. Section of Pueblo formation along Cross Plains-Crosscut road from four and one-half 

to Jive miles south of Cross Plains 

(B in fig. 13) 

PUEBLO FORMATION-
13. Limestone, dark pinkish-blue, hard, crystalline, weathers to pinkish­

gray and yellow-gray, rough nodular pieces having rough cracked 
surfaces, forms low scarp. Camp Colorado member ...... ...... ......... . 

12. Shale, buff, sandy ................................. ...................... .................... ...... . 
11. Sandstone, reddish-brown, calcareous .... ............................ ......... ... ..... ' 
10. Shale, buff, sandy ......... ... ................................................... .................. . 

9. Limestone, pink or red, rough, impure, sandy, weathers to small 
nodules ........................................................................... .................. . 

Thickness 
Feet 

3 
5 
2 
6 

1 
8. Shale, pink and purple clay shale, contains hematitic nodules. ....... 11 
7. Sandstone, reddish-brown, fine-grained, lenticular................ ... ......... 4 
6. Shale, yellow, pink, and blue, soft, clayey ....... . :............ ......... ......... ... 35 
5. Limestone, gray, hard, weathers to small rounded pieces that con-

tain much white and pink chert in the form of nodules; the chert 
is fossiliferous and contains poorly preserved corals, crinoids, 
and brachiopods. Stockwether member........... ......... ...................... 2 

4. Shale, varicolored, contains occasional thin sandy layer......... ........... 66 
3. Sandstone, reddish-brown, conglomeratic............................ ...... ........ 1 
2. Sandstone, thin-bedded, impure, calcareous, approaches a limestone 1 
1. Shale, yellow, contains neal' centre a lense of dark brown sandstone 23 

(Saddle Creek limestone at base). 

Total thickness... ..... ................. ............. .. .................................. 160 

S~ction of Pueblo formation along G. C. & S. F. R. R. from one-half to three miles 

east of Santa Anna 

Measured by P. L . Applin. (C in fig. 13) 

PUEBLO FORMATION-
Thickness 

Feet 
12. Limestone, yellow, gray, hard, fossiliferous. Camp Colorado member 2 
11. Shale, red and pinkish-gray ... .............................. ............. ........ ........... . 
10. Limestone, gray, weathers to thin plates ....... ....... .................. ........... . 

9. Shale, covered by slump ... ................................... ............................. .... . 
8. Sandstone, gray, calcareous ....................................... .... ... ... .............. . 
7. Shale .. ................. .. ............... ... ............... ................ ........... .................... . 
6. Limestone, gray, impure, weathers to thin plates. Stockwether mem-

5. 
4. 
3. 
2. 
1. 

ber (?) ............ .......... ........................................... ....... ........... ....... ... . 
Shale ........................... ... ............................................ ..... ... ..... ............ .. . 
Limestone, blue-gray, weathers to small flat chips ............. ........ ...... . 
Shale, yellow, buff, sandy ..................................... ............ .... .... .... .... . 
Sandstone, brown, calcareous ............................. .. ........ ............. ......... . 
Shale, yellow and red .. ........................... ............. .................................. . 
(Saddle Creek limestone at base). 

68 
1 

14 
5 

10 

1 
39 

2 
38 

5 
20 

Total thickness ........ .. ..... ... ....... ....... ..... ... .......... .......... :........ ... .. 205 

Paleontology.-The fossils from the Pueblo formation can not be re­
ported in detail, for collections were not made systematically even in the 
region where field work was done. A number of miscellaneous collections 
of a few common, more or less well preserved fossils and fossil fragments 
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were made by geologists during the course of mapping, but for the most 
part these have not been preserved or catalogued and are not available 
for the present report. 

The following list of species which have been observed from the Pueblo 
indicates the general faunal character of the division, which is · not ma­
terially different from that of the subjacent Harpersville formation. 

Fauna of the Pueblo Formation 

I 

I 
LOCALITIES 

FAUNA . . 88.81~ 88.1° 1_88 .11 112.8 

Lophophyllum profun dum ... .... .......... ...... .... ........ .. ... ......... · .. 1 ... .. .. ... · ··· · · · · ··I · ··· ·· · · ~· X 
Lophophyllum profundum radicosum ... .......... ....... ... . ..... ... .. .... ...... ....... ... ..... .. .. . X 

* Campophyllum torquium .......... ....... .. ...... ... ... ........... .. ........... ................ . ..... ..... ......... . 
Axophyllum rude ............. ................. ..... .................................... ..... ·· .... ···.1 .. ··...... ? 
Sponge sp. ..... .... .... .......................... ... ... .... ................ ... x .......... .......... .... ............... . 
Crinoid stemf: .. ................... .............. ...... ...... ...... ... "" " x x x x x 
Hydreionocrinus sp. ..... ....... ... .. ................ ... ......... ... ... . x x x 
Archeocidaris sp. . ......... ......... ......... ............. .... ~.... .. .. .. x ... ....... ........ .. ... .......... ...... . 
Fistulipora n odulife r a ? .... ...... ................. ... .... ..... .. ..... x .......... .......... ... ....... x 
Fenestella sp. .......... ........... .......... ....... .. .... ............ ...... x ............. ................ . ......... . 
*Septopora biserialis ....... ............. ................... ....... .... ..... ... ..... ................................... . . 
Orbiculoidea sp. ....... ................... ............... ..... ............ .......... ....... ... x ........ ........... . 
Derbya crassa .... :............................ ................. ............ ........ .. ......... . .......... ....... ... x 
Derbya cymbula .. ...... .... ............ ....... ..... ................ ...... . x x ........ .. .... ..... . 
Enteletes hemiplicat a ......................... ..... ... ................. ... .. .... . ... .. ........ c... . .. . ...... . .. ~ 

Chonetes granulifer meekianus .................................. ... ....... .......... ........ .. .......... x 
Productus semireticulatus val'. ..... .... ......................... x ...... : .. .............................. . 
"Productus costatus ..... ............. ..... ................. ...... ............. ............ ........ ... .............. ..... . 
Marginifer a splendens ....... ..... ..... .. ....... .... ... ...... ......... ... .. .... . ... .. .... . ... .. ..... ........ .. x 
Marginifera lasallensis ....... ................ ~ ...... ...... ............ .................... .... .. "" ........ .. ? 
Pustula nebraskensis ... ................ ....... .. ........... .. ....... .. .... ...... ..... ... .. x · ................... . 
Pugnax osagensis ......................... ....... ...... .................. ... ....... .......... .......... .......... x 
*Spiriferina kentuckiensis ................................ .... ....................... ............. ........ .. ..... .... . 
Dielasma bovidens ........ ...... .. ................ ..................... . .. .... .... .... ... ... ....... ..... ~.... .. . x 
*Composita subtilita ............. .. .... .. ........ ... ...... ..... ..... .. .... ...... .... ...... .......... ..... .. ... x 
Myalina r ecurvirostris ..... ............. ...... .................. .... .. .... ..... . .......... .... ..... .. x 
Myalina subquadrata ..... ...... .. ..... ....... ....................... .. .......... .......... x ....... ....... ..... . 
Myalina kansasensis ..................... ............................... x . ~ .................. ................... . 
Myalina sp . ... ... ........................ .... ... .. ........ .......... ......... ..... ..... x ... ..... ............ ......... . 
Schizodus wheeleri .. ...... ....... ............ .. ... ............... ..... .. ... ...... . .......... x ..... ..... ..... ... . . 
Chaenomya leavenworthensis ...... ........ .... ......... ........ . ......... . .......... x ........ .......... . . 
Pinna peracuta ....... ..... ............. ....... ............... ......... .. .. ......... . ... .... .. . .......... .... ...... x 
Aviculopecten sp. ... .................. .. ... ............... ...... .. ....... .......... .... ... ... x ........... .... .... . 
Allorisma subcuneatul11 ........ .................. .... .............. .. ... .. ..... .......... x ...... .. .. ......... . 
Astartella concent r ica .............. ........................... ..... .. x ..... ..... ......... . .......... ......... . 
Bellerophon sp . ..... ........................................ .... .... ....... ... .... .. . x ............... ... .. ......... . 
Pharkidonotus per carinatus ..... ................... ....... ... ..... ? .......... ... ........ ..... ........ ..... . 

~::i~:s~:!: ~~tili·~·i·d~~ .. :::::::::::::::::::::::::::::::::::::::::::::: .... ~ ........ ~ .... :::::::::: :::::::::: I :::::::::: 
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I 

Woeth,n;. tabulataF~UN~1 8:8 1 8~~C~~~~I~~]'~28 
NatICopSlS sp. ................... ................................. .......... .......... x ... ....... ............. ...... . *Platyceras parvum ....................... : ................................................ .......... ................... . Murchisonia sp., 1, 2.................... .. .............................. .......... x .................... ......... . Sphaerodoma sp. aff., S. intercalal'is .......................... .... ...... x .......... ................... . 
~~~~~;~:a:a:a~~~~~~i~··::::: : ::: : ::::: :::::: : : : :::: ::: :: :::::;: : ::: I·.· .~ .... :::::::::: I :::::::::: ::::::::::I····?···· 

C01'1'elation.-In so far as it is possible to make a correlation with the 
distant section in the north part of the Mid-Continent Region, the Pueblo 
formation is probably equivalent in time to some portion of the Shawnee 
formation. 

MORAN FORMATION 

Name and Definition.-The Moran formation has been named from the 
town of Moran, in Shackelford County, where it is typically and excellently 
exposed in the hillside west of the town, and forms the escarpments around 
the Moran oil field. 

The formation lies conformably upon the Camp Colorado limestone and 
is overlain conformably by the Putnam formation. It is defined to include 
all the strata from the top of the Camp Colorado limestone to the top of 
the Sedwick limestone, which forms the highest yellow ledge in the Moran 
oil field and outcrops west of the town of Sedwick, or its equivalent yellow 
limestone of the Colorado River Valley. The formation is characterized 
nearly everywhere in the northern district by three thin, bright yellow, 
persistent limestone beds at its top, the middle one of which contains in 
places great numbers of beautiful white, silicified, small, coiled gastropod 
casts, so that in most places it is easily recognized. 

Extent and Thickness.-The Moran formation has been mapped in a 
continuous outcrop from Salt Fork of the Brazos River at the Shackelford­
Stephens county line southward through Moran to Dothan, on the T. & P. 
Railroad. Three miles south of Dothan it is buried beneath the Creta­
ceous sand. In the northwest corner of Shackelford County its outcrop 
has been cut back southward into the overlying Putnam formation for 
nearly 10 miles by the erosion of Deep Creek, forming a very dendritic, 
irregularly shaped exposure along Deep Creek Valley and its tributaries. 
A small patch of the formation is exposed two and one-half miles north­
west of Nimrod in Eastland County. From Cross Plains on the south side 
of the Cretaceous deposits, the formation has been mapped southwestward 
through Santa Anna to the Colorado River about six miles west of Waldrip. 

The Moran formation has a fairly uniform thickness throughout its 
extent of 150 to 200 feet. Its thickness increases somewhat in the extreme 
northern end of its outcrop, where there are greater thicknesses of sand­
stones within its strata; and it thins a little in the Colorado River Valley. 
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Noteworthy Exposures.-The upper beds of the Moran formation are 
perhaps best seen along the escarpments around the Moran oil field and 
northwest of Hart School on the Putnam-Moran road. The basal beds 
are excellently exposed along the Texas and Pacific Railroad tracks near 
Dothan. There are also excellent exposures three miles south of Cross 
Plains, Callahan County, and in the valleys west of Burkett, in Coleman 
County. The most accessible place near the Colorado River Valley is 
along the Gulf, Colorado and Santa Fe Railroad tracks at Santa Anna and 
along the escarpments south of town. 

Lithologic Chamcter.-The Moran formation is of quite uniform char­
acter throughout its outcrop. Its upper portion consists of a series of 
thin, bright yellow, fossiliferous limestones interbedded with yellow, gray 
and red calcareous shales. The limestones do not commonly form prom­
inent scarps and for this reason the top of the formation is less clearly 
marked topographically and is less quickly recognized in the -field than any 
of the other north Texas divisions. The lower half is made up of yellow, 
red, and gray shales in places sandy and containing lentils of gray, im­
pure, sandy limestone and thin, yellow, brown, calcareous, fossiliferous 
sandstones. In the Colorado River Valley the lower beds are thinner, 
less sandy, and contain thick yellow limestone lentils. It has not been 
proved that the upper bright yellow limestones are exactly the same beds 
in separated districts. It is quite likely that they are a series of lentils 
that come in and play out laterally, although confined to a thin stratigraphic 
interval. Nearly everywhere three or four of the thin limestones are 
present in the section, and the yellow limestones at Moran have actually 
been traced from Putnam nearly to Hubbard Creek, over 25 miies distant. 

The limestones are fine-textured, ferruginous, in many places fossilifer­
ous and thin-bedded, and make excellent horizon markers for mapping 
structure. The sandstones are thin, dark brown, fine-grained, ferrugin­
ous, many of them fossiliferous, irregularly bedded, and changing laterally 
into brown limestone or pinching out. Certain layers contain many large 
All01'isma subcuneata and large Myalina shells. The shales of the upper 
strata are commonly yellow, red, and green; the lower shales are gray, 
blue, and yellow and many contain ferruginous concretions and carry a 
few fossils. The shells commonly belong to the small types, such as bryo­
zoans, Derbyas, crinoids, rarely Productids of the semireticulatus type, 
and Pinnas. The faunas are nowhere large and varied like those in the 
lower Cisco and Strawn beds. 

Subdivisions.-The subdivisions of the Moran formation, which have 
been made in part by Drake in the Colorado coal field, and in part during 
the course of the field work upon which this report is based, may be indi­
cated as follows: 

Colorado River Valley Brazos River Valley 

Sedwick limestone ________ .. ______ 15-25 Sedwick limestone _____ ..: ____________ 60 
Santa Anna shale _________ __ _____ 25-75 Shale with lenses of sandstone ______ 100 
Horse Creek limestone _____ _______ 5-15 Dothan limestone __________ __ .. ____ 4 
Watts Creek shale __________ ______ 50-75 Sanely shale _______________________ 60 
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Because of the lack of opportunity for detailed stratigraphic study of 
these strata it has been impossible to correlate the divisions recognized 
in the Colorado River Valley with the strata in the section along the Texas 
and Pacific Railroad. Therefore, the names first given in the Colorado 
River region can not be applied definitely to those in the north. It is 
known, however, that the groups of beds which are listed in both sections 
are equivalent to each other as a whole, for the Camp Colorado and the 
Coleman Junction limestones, below and above, respectively, "have been 
identified in both areas with some certainty. " 

The subdivisions of the Moran in the Colorado River Valley have not 
been traced definitely into the Brazos River Valley, but the general char­
acter of the upper and lower parts of the formation is similar. The Watts 
Creek bed as seen in the southern area is a bluish to reddish sandy shale 
with a thickness of about 50 to 75 feet. Locally there are thin beds and 
lenses of sandstone. The lowermost strata of the Moran in the Brazos 
region are similar in character but contain locally a number of very thin 
sandy limestones. Since the equivalent of the Horse Creek limestone has 
not definitely been recognized in the north, the" thickness of the Watts 
Creek in the latter area can not be indicated with exactness. 

The Horse Creek limestone, named from eastern Coleman County, is 
described at its type locality as a hard, massive, light gray bed, 5 to 15 
feet in thickness. It is approximately equivalent in stratigraphic position 
to the Dothan limestone of the Brazos River section, a prominent bed in 
the lower one-third of the formation which has been mapped for a number 
of miles in the vicinity of Dothan. It is not certain, however, that the 
Dothan bed of the north is a continuation of the Horse Creek bed. 

The application of the name Horse Creek to this member is of doubtful 
validity, since Drake appears to have given the same term to a subdivision 
of the Strawn. Since, however, detailed study of the section in the Colo­
rado area has not been made, it has not seemed desirable to substitute a 
new name. 

The bluish and reddish sandy shale above the Horse Creek division of 
the Moran formation in the Colorado River Valley has been designated 
the Santa Anna bed by Drake. It is for the most part very poorly ex­
posed but may be observed in the buttes at the town of Santa Anna and is 
represented at various points to the north where exposures are found. Its 
average thickness in the region of its type locality is 25 to 75 feet. North­
ward the Moran formation appears to be somewhat thicker than in the 
south and the shale above the Dothan, a part of which is without doubt 
equivalent to the Santa Anna bed, is greater in thickness. As observed 
in the section along the Texas and Pacific Railroad east of Dothan, the 
shale interval between the top of the Dothan limestone and the base of the 
limestone beds at the top of the formation is approximately 100 feet. Also, 
it is possible that a part of the strata included with this upper division 
of limestones in the north is not all represented in the limestone and shale 
division at the top of the formation in the Colorado River Valley. 
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In the southern area of Pennsylvanian, 15 to 25 feet of limestones inter­
stratified with shale, lying at the top of the Moran formation as here de­
fined, were designated by Drake as "Bed No. 18," this being the eighteenth 
subdivision of the Cisco differentiated by him, measured upward from the 
base~ In the north this division of limestones is approximately 60 feet 
thick. 

The persistent and prominent limestone at the top of the Moran was des­
ignated by the name Sedwick in the course of the field work, but it appears 
desirable to apply a geographic term to the entire limestone division in 
the formation above the Santa Anna bed. The Sedwick member may then 
be defined to include the series of thin yellow limestones with interbedded 
shales which lies at the summit of the Moran formation. The upper bed 
of the Sedwick is 1 to 2 feet in thickness. It is a rather dirty yellow color, 
contains numerous small stringers of calcite, and locally contains rather 
numerous fossils and is more or less cherty. 

The next lower bed in the Sedwick member, designated in the field work 
as the Hart School bed, occurs 3 to 12 feet below the top limestone. It is 
2 to 6 feet in thickness and is characterized by an abundance of small sil­
icified gastropods and other fossils. 

Detailed Sections.-The character of the Moran formation is well shown 
in the following stratigraphic sections measured at various points along 
the outcrop. 

Section of upper part of Moran formation, Moran oil field, Shackelford COU!1ty 

Measured by P. L. ~pplin. (D in fig. 13) 

MORAN FORMATION-
Sedwick Member 

11. Limestone, yellow, fragmentary, thin, contains numerous stringers 

Thickness 
Feet 

of calcite. ........ .. .... ..... .. .......... . ....... .... .... ... ...... ... .............. ................ 1 
10. Shale, yellow, and gray.......... .. ...... .......... ...... ............ .......... .. ....... ....... 11 

9. Limestone, bright yellow, evenly bedded, contains silicified fossil 
casts .... .... ...... ... .... ..... ............. .... ... .. ...... .... ... .. ........... ....... ... ... ........ ... . 2 

8. Shale, yellow, concretionary, not generally exposed.... .. ............ ........ .. 19 
7. Limestone, grayish-yellow, concretionary, not generally exposed.. .. 1 
6. Shale ......... .... .. .. .. .. .... ............ ... .... .. ... ...... .... :...... .. ...... ................. ...... .. . 1 
5. Limestone, yellow, weathers to rounded boulder-shaped pieces.. .. .. 2 

Shale Member 
4. Shale ...... .. ..... ... ..... .. .. .................. .. .. .. .. .......... ........ .... ...... ................. :.. .. . 10 
3. Sand, reddish-brown, calcareous.. .. .. .... .................... .. ........ .... ...... ........ 3 
2. Shale ........ .. ... ... ..... .... ..... ............ .. ........ ... .... ............... ...... .... ......... .. .... ... 12 
1. Sandstone, r ed, calcareous, breaks into angular pieces.... .... .. .. ........ .. 1 

Total thickness. ............ .. .... ....... ... ........ ...... ...................... .... ..... 63 
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Section of upper part of Moran formation along valley northwest of Hart School 
sec. 2969, T. E. & L. Survey, about six miles north of Putnam 

Measured by P. L. Applin. (E in fig. 13) 
Thickness 

MORAN FORMATION- Feet 
Sedwick Member 

10. Limestone, dirty yellow, contains few fossil fragments and much 
calcite, weathers to small platy fragments. ....... ............ ..... ........ ... .... 2 

9; Shale, yellow ................. ..................... ... ··.· .. . ···· .···............... ... .............. .. 3 
8. Limestone, yellow, contains many gastropods usually silicified, out-

crops on road at Hart SchooL .... ...... ............ ............... ..... ···· .. ···· .. ···· 3 
7. Shale, white and gray ..................... ..... ...... ... .. .. · .. ·· ·· .... ···· ........ ··· ... .... '''' 19 
6. Limestone, bright yellow, crystalline, mottled red in places, weath-

ers to angular fragments .. ..... ........................ ............. · ....... .. ····........ 2 
5. Shale, yellow .......................... .... ... .. .. . · ..... ······· ·...................................... 1 
4. Limestone, blue, hard, crystalline, yellow stains on weathered sur-

face ............ .. ...... ......... ............ ............ ....... ...... ....................... ...... ~.... 2 
3. Limestone, shaly ... ....... ... ........... .. ................. ... .... ·· .. ··· .. ·····.... ....... ..... ... . 4 
2. Shale, yellow, sandy ____ ___ ____ ________ ____ ___ ____ ___ ___ ____ _______ __ _____________ . ___ ______ . __ ___ 3 

1. Limestone and sandstone, rock varies from hard, blue, crystalline 
limestone through sandy limestone to brown sandstone_ ............... __ 3 

Total thickness .. . __ .. __ ... ... .. . _ .. ______ _ .. __ ._ ...... . _ .. _. __ __ ._ ... _ ........ ______ ._._ 42 

Section of Moran formation along T. & P. R. R. from Putnam to the outcrop of Camp 

Colorado limestone east of Dothan, Callahan County 

Measured by C. A. Hammill. (F in fig. 13) 

MORAN FORMATION-
Thickness 

Feet 
Sedwick Member 

20. Limestone, bright yellow, platy ... . _ ...... __ .. __ ....... _ ... .......... ... __ .. __ . _ .. __ .. __ .. 1 
19. Shale, red and yellow._ .. ___ ...... _ .. _ .. ... _ ......... ___ ... __ .. .. _ ....... __ .. _ ................. .. 8 
18. Limestone, bright yellow, hard, impure, weathers into small pieces 6 

Shale Member 
17. Shale, yellow .. ... ........................... _ ......... .... ............ _ ... .. ......... __ ... _ ..... __ ._ .. % 
16. Sandstone, yellowish-gray ... . _._. __ _ .. _._ . ___ ... _ ..... _____ .... ___ _ .. __ ... _ .. _ ..... .. ______ _ _ 1 
15. Shale _. _ ... .... __ . __ .. _ ... ___ .. __ _ .. _ ....... _. _. __ ._ . ___ ___ __ .. . _ ... . _. ___ _ . ___ .. ___ ___ ..... ____ ._._. ___ ._. 2 
14. Sandstone, yellowish-gray .. .. .......... ................................ .... ......... .... ... _. 2 
13. Shale ............. .. ...................... _ ...................... .............. .... ....... ......... ....... . 3 
12. Sandstone, yellowish-gray .................... ..... ...... ......... .................... ..... .. . 2 
11. Shale .. _ ......... ' ... _ ........ ................ ..... """'" _ .. .. .... ...... " " " " _ ........ .. .... ..... . . 39 
10. Sandstone, gray, ca!cai'eous, fossiliferous .. ....... ..... .. . _ .. ....... _ ... .. ....... .. 2 

9. Shale ...... ............ ..... ... _ .. ....... ....... ........... ..... .. .... ..... ~ ..... _ ... ... .. _ ......... ...... . 25 
8. Sandstone, calcareous_ .... ........ _ ....... .... ....... . _ ... ... ......... ...... ... ................ . . 1 
7. _ Shale .. .... ....... ..... ... ..... ....... .............. ... ... ..... ... ........ ...... .................. .. .... . .. 9 

Dothan Member 
6. Limestone, gray, sandy, impure, outcrops along railroad tracks west 

of Dothan .... ..... . _ ................ .. _ ... . _ ... __ .. _ ...... ...... _ .. _ .. .. __ .. __ .... _. ___ ._ .. _. __ 3 
Shale Member 

5. Shale, buff ....... _. __ .. _ ....... .... _._ .... . _ ... __ .... ... __ ....... ........ __ .... .......... _. __ ........ , .. 27 
4. Limestone, yellowish-gray, thin, platy, fossils .. .... .. _ ............... .. __ ....... . 6 
3. Shale, yellowish ... . _ .. _. __ .. .. .. .. _ .. _._ .. __ ........... _ ........... _ .. _ ..... ........ ..... ........... . 6% 
2. Limestone, yellow-gray, thin, rotten, fossils. _ ............... .. _ ... __ ...... _ ... _ .. % 
1. Shale, yellow ... .... ... . _ .. _ .. _ .. __ __ .... ... ... __ .... _ ... _ .... _ ....... ___ ._._._ ._ .. .. .. _ ...... ...... . _. 5 

(Camp Colorado limestone at base). 
Total thickness_ ..... _ ............ ... .................. _ .. __ ........ ..... _ ............ .. . 149% 



Stratigraphy of Pennsylvanian F01'mations of NOTth-Centml Texas 181 

Section of the Moran formation along an east-west line, four miles south of Cross Plains 

Measured by C, A. Hammill. (G in fig 13) 
Thickness 

MORAN FORMATION- Feet 
Sedwick Member 

21. Limestone, yellowish, sandy, weathers platy and rough, contains 
Myalina and little chert ............. ..... ... .... ............. _ ... ... ....... ............... . 2 

20. Shale, yellow .. .... ................. _ .... .. ........ ........... ... .... ..... .. ..... ........ .. ..... ...... . 101.6 
19. Limestone ,yellow, platy,- shaly, fossiliferous, contains many gas-

tropods and silica ......... ..................... ....... ............... .. .................. ..... . 2 
Santa Anna Member 

18. Shale, brown ........ ............. .......... ........ ........ , ......... ...... ..... ..................... . 2 
17. Limestone, bright yellow, shaly, and platy ............... ..... ........... ........ .. . 1 
16. Shale, yel low ... ... ... .. _ ......................... ................ .... .. ..... .... .... .. .. ........ ..... . 15V2 
15. Sandstone, light gray, very friable, calcareous, weathers to angular 

blocks ....... ... ................. ............ ............................ .. .......... ......... ....... . 
14. Shale, yellow .......... .... ....... ... ..... .. ............. ......... ................. : .... .............. . 
13. Sandstone, dark brown, weathers to small rounded pieces .... ... .......... . 
12. Shale, y·ellow ......... ......... ..... .... ... ... .................. ............ ...... .................... . 

Horse Creek Member (?) 
11. Limestone, white, hard, weathers yellow, uneven texture, blotches 

of coarse-grained crystals set in fine-grained matrix .... .............. _ 
10. Shale, red and yellow .............. ..................... .......... .................... ........ . 

9. Limestone, red, sandy, thin, fossiliferous, contains Myalina and 
A viculopecten shells ... ........... ............. ....... ........... .... ...................... .. : 

8. Shale, red .. ........... .. ..... .... ........ .................. ............. ............................. . . 
7. Sandstone, calcareous, fossiliferous, many My(tlina subcnneata ....... . 
6. Shale, red and yellow ................................. .... ...... ... .... .......... ........ .... . . 
5. Limestone, gray, fossils, fragments of crinoids, Pinna pe1'acutCt, 

and Productids ... ...... ............ .... ...... ........ .... ... ......... .............. .. .......... . 
Watts Creek Member 

4. Shale, red and yellow, having lentils of dark gray limestone weath­
ering dark browlJ, contains nodules formed around gastropods 

1 
11 

24 

8 
14 

6 
1 

14 

3 

and Fusulina ........ .......... .................... ...... ........................... .... ..... -.. .... 13 
3. Sandstone, dark' r eddish-brown, uri evenly bedded.............................. 10 
2. Limestone, crinoidal, lenticular, changes to calcareous sand........... . 2 
1. Shale, red and yellow, contains occasional thin sandstone and lime-

stone lentils ... .... .. ................. ........... .... ........ ... .... ....... ......... _:.............. 50 
(Camp Colorado limestone at base). 

Total Thickness.. .. ... ............. ............ ...... .......................... .......... 191 

1.6 

V2 

Section of upper part of Moran formation along southwest side of Pecan Bayou across 
sections 195, 191, 190, and 176 on Gray Ranch oil field, Coleman County 

Measured by P. L. Applin. (H in fig. 13) 

PUTNAM FORMATION-
20. Limestone, bluish, hard, crystalline, stained with yellow on weath-

ered surfaces, weathers to small rounded boulders .............. ...... ... . 
19. Shale .... ...... ..... ....... ......... ... ....... ... _ .... .... ... ..... ............ ..... ............. ........... . 
18. Limestone, light yellow, flaky ..... ............. .......... ... ..... .......................... . . 
17. Shale ....... ........ ..... ... ................ .... .. .... ....... ... ...................................... .... . 
16. Limestone, light yellow, crystalline, weathers to rounded boulders ... . 
15. Shale, yellow ........ .............................................. ; .. ................. ............... . 

Thickness 
Feet 

1 
7 
2 
3 
2 
6 
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14. Limestone, dark gray to yellow-brown, weathers to large rectan-
gular blocks ___ ... .. _ ....... __ ... ...... . _ .... .... .. _. ____ .... ...... __ ........ ____ ... ..... _.... ... . 1 

13. Shaly, yellow ___ ._ ....... __ .. __ ._ .. __ ....... ..... ..... .. __ .. _ ........ . ___ ....... ______ ...... __ ____ . ... 6 

Total thickness measured. __ _ ..... .. ___ .... .. . _ ... ____ .. .. .. . ______ ....... .. .. _. ... 28 
MORAN FORMATION-

Sedwick Member 
12. Limestone, brown .. ..... _ ....... __ .... ... __ .. _ .. .... _. ____ ... .... . __ ___ ...... __ . ___ ... ............ . 1 
11. Shale __ . __ ........ __ ... ...... .............. .. ... _ ...... ... .. ______ .. .. ... . _. ____ ...... ___ .......... ........ 9 
10. Sha le, brown .. __ ._ ... ... . _._ .. _______ ....... _. __ ..... ... _____ ... .. . . __ . ___ .... .. . _ .... .. .... ..... _.... 10 

9. Limestone, bright yellow, hard, crystalline, weathers to rough 
boulders and large blocks ..... .. _____ ....... ____ ... ..... ___ . ___ ............ ........ _ ... _. .. 3 

8. Shale .. __ ._ ...... . ___ ._ ...... ___ . __ ... ... ... .... ______ ..... .... .... ..... . ___ ._ ...... .. _._ .. .. .... .. ____ ... . 6 
7. Limestone, yellow, hard, crystalline ... .. . _. __ ........ _ ... __ ........ __ ... ..... __ __ ._.. .. 1 

Santa Anna Member 
6 . . Shale . __ . __ ...... __ ... ... .. ...... ___ .. ....... ... .. __ ... ...... .. ___ ....... __ ... _ ..... . _ ... __ .. ... ..... __ .. .. 10 
5. Sandstone, brown, limy_ ..... ... ... __ . ____ .•... ... .. _ .. _ .... __ ..... .. .... _._ ..... ..... _. ____ ... 2 
4. Shale ..... _ ... ... __ ._ .. ....... _. ___ ..... ... : .... ........ ... _ .... __ ..... .. _ ..... .... .. __ __ ... .... .. _. ____ ... 52 
3 . Sandstone, brown and gray, heavy_ .. ~ ........ _ ... ...... _. __ ...... _ ...... ...... __ ._. .... 5 
2. Shale ..... ..... . _. ___ .. .... . _ .... _ ............ _ .......... . _ .. ___ .............. ...... . _ .... ..... ____ . __ ... 1 

Horse Creek Member 
1. Limestone, gray, sandy in places, slightly conglomeratic ____ ... ... ... ... _... 2 

Base not exposed. 
Total thickness measured __ ... .. .... ... ___ .. ....... _._ .... ... ___ ......... ........ .. 102 

Section of Moran formation along an east-west line two miles south of Santa Anna, 

Coleman County 

Measured by P. L. Applin. (I in fig. 13) 

PUTNAM FORMATION-

14. Limestone, yellow-gray, forming escarpment_ .. __ .. ... ..... ___ ......... _ ... _ .. . . 
13. Shale, yellow .. _._._ ... ..... ___ .. .. ..... ___ ....... _ ........ _ .... ... .. _._ .. ... .. ... ............ ____ ._ .. . 
12. Limestone, yellow, weathers into large blocks._ ...... ..... __ ..... ..... _. ___ .. . 
11. Shale, yellow-gray, tinged with red __ ....... _._ ... ..... _. __ ......... . __ ............. __ .. . 
10. Sandstone, brown and sandy shale, not well exposed· .... . _. ___ ..... ... __ . __ .. . 
9. Sha le .... __ ..... . _._ ....... ... .... _ ... .. ....... _ ..... __ ....... _ ... _ ......... ___ ....... __ ____ ...... _ .. __ .. . . 

Total thickness measured __ ....... ..... ____ .. .. .. ___ ....... ... ____ ._ .. .... _._ ... .. . 
MORAN FORMATION­

Sedwick Member 
8. Limestone, massive, yellow .. _ ..... ___ .. _ ........... _ ....... __ .... ... ... __ .. ___ ... .... __ ... .. . 

Santa Anna Member 
7. Shale ._ .... .... .. .. __ ....... ... _ ... _ ........ _._ ....... _ ............. .......... _ .. ..... _ .............. _._ .. . 

Horse Creek Member 
6. Limestone, yellow, weathers to rounded boulder-like pieces: form s 

low escarpment .. ... .. __ ._ ....... ...... ____ .. ..... .... _._ ... ......... _ .... .. ____ ........ _ .... __ .. 
5. Shale _ .... _ ...... . __ ........ .. .. _____ .. .... _._ .. ______ ......... __ ._ ..... .... ___ ........ _ .. __ .. ..... __ ._ . .. . 
4 . Limestone, grayish-yellow .... __ ...... _ . .. ...... .. __ .. ......... . ......... __ .... .. .... ___ .. _ .. . 
3. Shale . __ ._ .. .... ___ ...... ............. ... .. __ ...... ... ..... .. ___ ...... ... ____ ...... ..... __ ... .. . __ ...... . 
2. Limestone, gray, weathering yellow ...... . ___ ...... ............. .. _ .... _ .......... __ .. . 

Watts Creek Member 
1. Shale . ____ ....... _ .. . _ ....... _ ......... .. ___ .... ...... ... ... _ .. __ . .. ... __ .. _ .. .... . _ ... __ ...... .... ___ .. 

(Camp Colorado limestone at base) . 
Total thickness ._---._--------- ---- ----- -_._ ------... _-------------- ---._---... _.-._----. 

Thickness 
F eet 

3 
5 
2 

38 
34 

6 

88 

7 

58 

3 
9 
1 
5 
1 

29 

133 
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Paleontology,-The silicified fossils in the upper yellow limestones of the 
Moran formation are the most distinctive paleontologic feature of this 
horizon. So far as observed no other horizon contains a similar distin­
guishing feature and it was possible in the course of field work to identify 
and to trace the limestones on this basis with considerable ease. The fauna 
consists almost entirely of mollusks, most of which are gastropods, but as 
these are chiefly in the form of casts it has not been possible satisfactorily 
to identify them specifically. Most of them appear to belong to the genera 
MUTChisonia, Sphae?'odoma, Belle1'ophon and PleU1·otoma1'oids. Myalina 
is not uncommon. 

Con·elation.-The Moran formation, occurring as it does not far below 
the Wichita group of the Permian, and resting upon formations which are 
correlated with the higher Pennsylvanian divisions of other areas, must be 
equivalent to strata elsewhere which belong to the very late portion of the 
Pennsylvanian. It may be correlated approximately with the lower part 
of the Wabaunsee formation of Kansas. 

PUTNAM FORMATION 

Name and De/inition.:"-'-The name Putnam has been given to the upper­
most division of the Cisco group which is typically exposed on the hillside 
west of the town of Putnam, located on the Texas and Pacific Railroad in 
Callahan County. The formation lies conformably upon the Moran strata 
and is overlain conformably by the marine strata of the Permian Wichita 
series. The formation includes all the strata from the top of the Sedwick 
limestone or its equivalent to the top of the Coleman Junction limestone, 
a persistent limestone bed which outcrops at Coleman Junction and may 
be traced northward capping a prominent escarpment across the Penn­
sylvanian area. The base of this division, as thus defined, is at the top 
of the uppermost of several thin yellow limestones which lie 125 to 175 
feet below the top of the Coleman Junction escarpment. 

It can be recognized in the field as the highest formation which contains 
noticeable sandstone strata and thin limestone lentils. Above it every­
where are the high escarpments, the thick limestone and marl beds of the 
Albany facies of the Wichita (Permian) series. 

Extent and Thickness.-The Putnam beds form a prominent belt of out­
crop which has been mapped from the valley of the Salt Prong of Hubbard 
Creek, southwest of Sedwick, through Putnam to the Cretaceous sand four 
or five miles east of Admiral, in Callahan County. South of the Cretaceous 
it extends southwestward from near the town of Dressy, five miles west of 
Cross Plains, through Coleman Junction to Coleman River, near the center 
of the south line of Coleman County. It has not been mapped as yet 
south of the river. In Callahan and Shackelford counties the formation 
has an average thickness of 125 to 175 feet and an outcrop four to five 
miles wide. In Coleman County its thickness runs from 125 to 150 feet and 
its outcrop is rarely over two and one-half to three miles wide. 
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Lithologic Chanwter'.-The Putnam formation consists of a persistent, 
easily recognizable, escarpment-making limestone, the Coleman Junction 
bed, from 3 to 15 feet thick, at the top, and a series of 125 to 175 feet of 
shale below. The upper layers of the shales are buff, pink, and red in 
color, grading downward into blue-gray and dark blue, carbonaceous beds. 
The shales contain three or four lentils of buff and dull dirty yellow lime­
stones and one or two layers of thin, brown, very calcareous sandstones. 
The beds are in most places fossiliferous. The best collection is from the 
upper Coleman Junction limestone and from certain calcareous lentils 
which lie about 60 feet below the top. There are more limestone Jentils 
in the section studied in northeastern Coleman and in Callahan counties . 
than in southern Coleman and McCulloch counties and in the northern 
outcrop in Shackelford and Throckmorton counties. The Coleman J unc­
tion limestone in northern Shackelford County, north of the Cretaceous 
sand, consists of a lower grayish or light buff limestone three feet thick 
overlain by a bright, very ferruginous layer one foot thick. On weather­
ing, the bright yellow bed breaks up into rounded yellow pieces which 
slump down and mingle with the light gray blocks, forming a characteristic 
trail around the hillside that can not be mistaken. 

Subdivisions.-The strata which are included in the Putnam formation 
have been divided by Drake in the Colorado River Valley into the follow­
ing beds. 

2. Coleman Junction limestone 
1. Santa Anna Branch beds 

The Santa Anna Branch clay bed, as described by Drake at his type 
locality along Santa Anna Branch, corresponds almost exactly to the sec­
tion of the Putnam beds below the Coleman Junction limestone as meas­
ured by Applin south of Santa Anna (See Section I, p. 182). Therefore 
although it is possible in some of Drake's other sections that he has included 
in the bottom of his Santa Anna Branch beds yellow limestones equivalent 
to lentils in the top of the Moran formation, the Santa Anna ·Branch beds 
are regarded as essentially equivalent to the strata between the Coleman 
Junction limestone and the yellow limestone strata at the top of the Moran 
formation, and the name has been retained .. 

In the southern area the Coleman Junction limestone is buff and gray 
to yellow in color and forms a prominent escarpment. In many places it 
contains quite an abundant fauna. The species so far collected are all of 
the Upper Pennsylvanian type, or very closely related forms, so that it 
has seemed best to include this limestone in the Pennsylvanian series. 
On the whole; the Putnam formation is a fairly uniform, easily traceable 
unit and its upper member, the Coleman Junction limestone, forms a fitting 
dividing line between the thin limestones, sandstones and bright-colored 
shales of the Cisco, and the massive white limestones and thick marl beds 
of the Wichita-Albany group of Permian age. 
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Detcdled Sections.-The following observations of the strata which are 
included in the Putnam formation show its character at various points 
along its outcrop from north to south. 

Section of Putnam formation along an east-west line, west from the Moran oil field, 

Shackelford County 

PUTNAM FORMATION­
Coleman Junction Member 

(J in fig. 13) 
Thickness 

Feet 

13. Limestone, bright yellow, fragmentary, highly ferruginous.. .. .... .... 1 
12. Limestone, gray, chunky __ .................. _ .... .... _ ................... _. ............ ......... 1 

Santa Anna Branch Member 
11. Shale .............................. __ ...................................................................... 4 
10. Sandstone, brown, hard, calcareous ....... _...................... ... .... ...... ...... ... 1 

9. Shale ............ _ ....... .............. ................... ...................... ............... .... ..... _.. 9 
8. Limestone, mottled, gray and yellow, sandy .. ... ...... .. ............ ... _... ........ 1 
7. Shale ...... ................ ..... ........... .......... __ .... _................. .. ...................... ...... 26 
6. Limestone, mottled, gray and yellow, weathel's into small nodules 

not well exposed ... ... _ ....... . _ ....................... , .... .. _.............................. .. . 2 
5. Shale .......... ............ .............. _ ...... _ .......... __ ............ _ ... ........... ......... _......... 18 . 
4. Limestone, gray, sandy in places, consists almost el)tirely of fossil 

fragments ... _ .............. _._ ....... _._ ............. ...... _ .. . _ ........ _ ............... ..... _... 2 
3. Shale ......... _ ............................ ....... ................... .. _ ...................... _......... ... 8 
2. Sandstone, brown, ripple-marked ..... _ ........ _ .... ............... _ ............... _.. ... 1 
1. Shale, in valley and outcrops (interval by projection) ... ... _... ... ... ...... 100 

Total thickness .. ....................... _ ......... .. ................ _.................. 174 

Section of Putnam formation on west side of Deep Creek valley, 18 miles northeast 

of .Baird, Sections 60 and 61, Orphan Asylum Survey, Callahan County 

(K in fig. 13) 

Thickness 
PUTNAM FORMATION- Feet 

Colemau Junction Member 
10. Limestone, bright yellow weathers to rounded lumps ... .... _................ 1 

9. Limestone, light gray, massive, in many places fossiliferous, 
weathers to large rough surface blocks and slabs._ ....... ......... _ ...... _. . 3 

Santa Anna Branch Member 
8. Shale, gray and · -buff .... ... .... _ ................. _ .. .... .... _ ..... _ ............ _ .... _ .. _ ... _.. . 25 
7. Limeston e, gray ............. _ .... ......... .. ..... ... _ ..... _ ..... .. ...... _..... ... .... .............. 2 
6. Shale, gray, calcareous ......... . _ ............... ............... .. ........ _... ............... .. 38 
5. Sandstone, brown, calcareous ....................... _ .... _ .... _ ..................... _._.... 10 
4. Shale ........ ........... ...... ... ....... ............................................ .... _._ .. ..... _........ 12 
3. Limestone lentil, gray, impure, shaly, changes laterally to cal-

careous shale ... _______ .... _______________ ..... ___ .. _____ .. ___ __ .. ___ __ ._ .... _ ....... __ .... ... . _.. .. 3 
2. Shale ........ _ ...... _ ....... _ ..... __ ... ........ _ .. _ ......................... _._ ..... _ ....... ... _............ 18 
1. Limestone, very fossiliferous ................. _............................................ 1 

(Shale at base of formation poorly exposed). 

Total thickness measured_............................ .. ........ ............... .... 113 
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Section of Putnam formation, two miles east of Admiral, Sections 44 and 45 

PUTNAM FORMATION­
Coleman Junction Member 

(L in fig. 13) 

9. Limestone, yellow, pinkish in places, weathering to small dark 

Thickness 
Feet 

yellow fragments ..... ... .... .. ........ ... ... ... ............ ............ ... .......... .... ........ 5 
Santa Anna Branch Member 

8. Shale, yellow, gray. ...... ..................... ........... .................. ....... .. ............ 22 
7. Limestone, mottled yellow and gray, soft, sandy, fossiliferous.. ...... 2 
6. Sandstone, brown, calcareous_ ...... .. _ ... __________ _ . _____ . .. _____ __ ...... .. 0 •• _._. _.__ _ __ 2 
5. Shale .......................... ................... ................................... ............ .......... 10 
4. Sandstone, brown, heavy, ripple-marked...... ....... .. ... ............ ................ 2 
3: Shale, reddish brown, fossiliferous................ ....... ........... ...... .... .......... 33 
2. Shale, gray, concretionary. ......... ..................... .. ..... ......... ............. ........ 1 
1. Limestone, mottled yellow and gray, weathers to small rounded 

boulders ............ ..... ..... ... ......... ... ... .. ........... .... ...... ...... ........... ..... ..... .. 5 
(Base of section not exposed). 

Total thickness measured.... .... ................ ....... .... ..... .... .............. 82 

Section of Putnam formation along small stream valley, two miles west of Dressy, , 
Callahan County 

Measured by C. A. Hammill. (M in fig. 13) 

PERMIAN-WICHITA GROUP-
21. Limestone, gray, fine-grained, compact, heavy, weathers white 

or yellow, weathered surface has cracked appearance due to 
veins of calcite, weathers to small rounded chunks, fossilif-

Thickness 
Feet 

erous ........ ....... ...................... ....... ............ ......... ............ ............ ..... 1 
20. 
19. 

18. 
17. 

16. 

Shale, yellow .... ·........... ...... ....... .................... ....... ........ ....................... 12 
Limestone, yellow, thin, shaly, medium fine-grained, contains 

minute crystals of calcite set in a dull yellow matrix, weathers 
to small rounded pieces, non-fossiliferous. .. .. .... ................ ........... 1 

Shale, yeUow ....... .... ............. ......................... .. .... ....... ............ .... ........ · IV:! 
Sandstone, brown, medium-grained, earthy, calcareous, well ce­

mented, weathers into blocks having dark brown, rough, pitted 
surface, non-fossiliferous...... .. .. ............... ...... .. .. ........................... 1 

Shale, yellow........... .............. ........ .............. .. .. ...... ............. ......... ....... 19 
• 

Total thickness measured.................... ...... .. ....... .. .. .... .......... . 35V:! 
PENNSYLVANIAN-CISCO GROUP­

PUTNAM FORMATION-
Coleman .Junction Member 

15. Limestone, yellowish-brown, upper layer thick, close-grained, 
hard, platy, very fossiliferous, shells not well preserved, weath­
ers into platy pieces having smooth surface. Beneath upper 
layer several layers of grayish limestone, fine-grained, and 
fossiliferous. At base very calcareous sandstone 8 inches thick ' 3 

Santa Anna Branch Member 
14. Shale, white, very calcareous in upper portion, lower part dull 

buff yellow. .. ..... ...... ...... ................................................................ 22 
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13. Limestone, yellow to brownish, medium fine-grained, weathers to 
small slabs, fairly well preserved fossils, Bryo~oa, DM'bya 
C1·assa. P1'oductus semi1'eticulatus val'., P. cora, Pinna pC1'acuta, 

12. 
11. 

10. 
9. 

8. 

7. 
6. 
5. 

4. 
3. 

2. 

Schizostoma catilloides..... ...... ...... ....... ....................... .. .. ............. .. 1 
Shale, yellow... ....... ... .... ..... .... ..... .................. ................ ....... ..... ......... 32 
Limestone, gray, heavy, dense, crystalline w~athers into large 

rectangular, smooth-surfaced blocks, sparsely fossiliferous.... 1 
Shale, yellow .. .................... :............... ............. ... ......... ................... .... 2 
Limestone, gray to dark blue, shaly, concretionary, sandy, non­

fossiliferous, weathers to small blue-gray .concretionary 
nodules .. ...... .............................. ................ ......... ........ :.... ..... ......... 2 

Shale, blue, contains near the base a thin seam about 1 inch thick 
of grayish limestone filled with bryozoans and pelecypods ... ...... .. : 10 
Limestone, buff, shaly, rough-surfaced.:....... .................................. . 1 
Shale, yellow.......... ... ... ......... ......... ........................ ............................ 17 
Limestone, dull yellow, medium to coarsely crystalline, weath­

ers to small blocks of light brown color, few fossils, sand 
stands out in relief on weathered surfaces. ... ..... ..... ...... .. ......... ... 1 

Shale, yellow .. ........... ......... ................. ... ............... ................. .. :...... ... 8 
Limestone, buff, shaly, weathers into rounded cobbles, sparsely 

fossilifeious ....... .......................... ..... ........... .............................. ... 2 
Shale, covered by valley alluvium; interval obtained by projection 75 

Total thickness................. ................ ............. ... ... ... ............... 177 
MORAN FORMATION-

1. Bright yellow sandy limestone............... .... ..... .............................. .. ~ 

Section of Putnam formation along east-west road, three miles South of 

Coleman Junction 

Measured by P. L. Applin. (I in fig. 13) 

PUTNAM FORMATION-
Coleman Junction Member 

Thickness 
Feet 

9. Limestone, yellow, concretionary......... ....... .......................... ... ........ ... 21 
8. Shale, yellow, calcareous........ ......... .. .... ......... ........ ........ .. ...... ............... 51 
7. Limestone, yellow, weathers to large blocks............. ..... ............. ... .... 2 

Santa Anna Branch Member 
6. Shale, yellow, and red .... ........... .. :....... ........ ...... ...... ..... ............. ............. 38 
5. Sandstone, and sandy shale, brown, calcareou·s.... .................. .......... .. .. 34 
4. Shale .. ........ .... ... ... .................... ......... ... ............ ......... ....... ........... .. ... ...... 6 
3. .Limestone, yellow, massive. .. .... ...... ............ .......... .............................. . 7 
2. Shale .... ...... ..... ...... ....... ..................... ...................... .. .......................... ... 58 

Total thickness...................... .. ............... .. .. .. .. ..... .................... .. 217 
MORAN FORMATION-

1. Limestone, bright yellow, concretionary.. ................. ... ............ .. .......... 3 
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Section of Putnam formation in Colorado River valley. 

Measured by N. F . Drake.70 (N in fig. 13) 
Thickness 

Feet 
PUTNAM FORMATION- . 

(Measured ~ mile south of Coleman Junction) 
Coleman Junction Limestone 

4. Limestone, nodular, concretional'y structure, brown and yellowish 
limestones in layers from 6 t o 12 inches thick. _____ . ______ ___ . _____ ______ 10-20 

(Measured near mouth of Santa Anna Branch, south ,of Coleman Junction) 
Santa Anna Branch Shale 

3. Clay, red, sandy ________ ____ ________________ ______ :_ ________________ _________ _______________ ______ 40 
2. Sandstone, shaly ______ ____ __ :_____ ___________ ________ ______ _____ ____ ___ _____ ___ ____ __ _______ __ ___ _ 4 

l. Clay, yellowish and pink, with some blue, sandy clay and also two 
01' three feet of carbonaceous shale at the base__________ ____________ __ ____ 75 

Total average thickness ___ _____ ___ ___ . __ _____ _ .. _ .. ____ _ ... _ .. _____ .. _______ .. .. ___ 129-13 9 

Paleontology.-The fossils which have been observed-in the Putnam for­
mation are similar to those found in the other divisions belonging to the 
upper part of the Cisco group and elsewhere at the summit of the Penn­
sylvanian series. Aside from some observations by Plummer, however, 
made in the field in the course of work on a part of the area in which the 
Putnam outcrops, there has not been given specific study to the paleon­
tology of this division. Without question there are many species at this 
horizon which are not recorded. Although the Coleman Junction lime­
stone was included by Drake with the Permian, Plummer did not find with­
in the Putnam formation any of the fossils, especially the complex-sutured 
ammonites, which appear to characterize the Admiral and succeed­
ing Permian formations, and although this is not conclusive evidence that 
some portion of the Putnam should not be included in the Permian it is 
his opinion that it belongs rather to the uppermost Cisco than to the over­
lying division. The position at which the line at the top of the Penn­
sylvanian should be drawn in the Texas area is very similar to the problem 
in the Kansas section where the base of the Permian has been variously 
placed at the base of the Wreford, the base of the Cottonwood, at the 
Neva and even beneath the Elmdale shale. There was evidently no 
marked change in either area at the conclusion of Pennsylvanian time 
and the only indication of the Permian appears to be in the transition 
in the invertebrate faunas. Consequently it is believed that the division 
line should tentatively be drawn at the most readily identifiable and easily 
traceable stratigraphic horizon which appears to mark the greatest change 
in the faunas. Accordingly the top of the Putnam formation and of the 
Cisco group is here drawn at the top of the Coleman Junction limestone. 

The fossils which hav:e been observed in the Putnam are shown in the 
following list: 

79Drake, N. F., the Colorado Coal Field, GeoJ. Surv. Texas, 4th Ann. Rept., p, 420, 
1892. 
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GRAHAM AND UPPER CISCO FOSSILS 

Figures 1, 2, De?'bya cymbula, brachial valve and side view of a characteristic 
specimen from the Coleman Junction limestone near Putnam, 

Figures 3, 4, Pt'ochwtus semit'eticulatus val', cf, het'1noscLnUS, a very robust, well 
preserved, and characteristic specimen from the Coleman Junction limestone near 
Putnam, 

. Figure 5, Spit'i!e?' camemtus, Saddle Creek limestone northwest of Cisco (89,6), 
Figure 6, Dimo?'phoce?'as t exanum, a typical but fragm entary specimen from the 

Wayland shale, Graham formation, south of South Bend (66,1), 
Figure 7, Gonioloboce?'as tvelle?'i, a typical but fragmentary specimen from the 

. Wayland shale, Graham formation south of South Bend (66,1), 
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Derbya m'assa 
Productus CM'a 

Uni'versity of Texas Bulletin 

Fauna of the Putnam formation 

Productus sernireticulatus var. 
Pinna pm'acuta 
A Vicldopectcn occidentalis 
AUorisma subclmeatwm 
Bellerophon crassus 
Bulimorpha ? sp. 

COTrelation.-On account of its stratigraphic position at the top of the 
Pennsylvanian the Putnam formation may be correlated with the corre­
sponding portion of the Kansas section which is included in the Wabaunsee 
formation. 

PENNSYLVANIAN-PERMIAN DIVISION LINE 

It is not easy to draw a definite line of division between the Pennsylva­
nian and Permian rocks in north-central Texas. The division as made by 
Cummins80 was based largely upon the lithologic character of the sedi­
ments, and Drake offers no good reason for drawing his line at the bottom ' 
of the Coleman Junction limestone rather than at the top, or at some other 
nearby horizon, 

Ammonites of Permian aspect occur in strata south of Coleman 114 feet 
above the Coleman Junction limestone, so that the beds 100 feet higher are 
quite surely of Wichita age, (See section p, 193.) Obviously the ques­
tion as to just which stratum is the first to contain Permian forms can be 
settled only by, a careful study of large collections of the fossils. The 
fauna of these beds is not sufficiently well known as yet. Not unlikely 
it will be found that no sharp line can be drawn, but that in north Texas 
a general gradation from the ~ennsylvanian into the Permian has taken 
place without any abrupt change. If this is true, one line appears to be 
as acceptable as another close to it, and therefore, the persistent Coleman 
Junction limestone, which is a good horizon marker for the top bed of 
the "thin limestone strata" of the Cisco group, has been chosen as the most 
readily traceable and suitable line of division. 

sOCummins, W. F., Geology of northwestern Texas, Geol. Surv. Texas, 3rd Ann. 
Rept., p, 375, 1889. 
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PERMIAN-WICHITA GROUP 

GENERAL DISCUSSION 

Name.-The name Albany was given by Cummins to the limestone 
and shale strata overlying the Cisco group in the Brazos Valley. Later he 
found that his new formation was equivalent to the Permian "Red Beds" 
strata, named the Wichita · formation, in the Red River Valley, and the 
name Albany was dropped. However, there is such a striking difference 
between the massive, white, escarpment-making limestones and marls of 
the Permian in the vicinity of Albany and the typical red beds facies of the 
strata in the Wichita district that there has been a tendency among geolo­
gists to refer to the division as the Albany-Wichita group and to speak of 
the marine limestone facies of the Brazos Valley as "Albany Beds" and the 
red strata of the Red River as "Wichita Red Beds." 

Extent.-The lower portion of the "Albany" strata has been mapped in 
connection with the working out of the structure of the north Texas area 
and has been included on the map, Plate I. The area covered includes a 
belt about 12 miles wide extending from Albany south through Baird to 
Coleman, and embraces a thickness of strata averaging over 700 feet. The 
area is west of the more promising oil district of Texas so that the group 
has not been studied in so much detail as the Pennsylvanian strata; and 
since, also, the Permian really belongs outside of the scope of this paper, 
it will be sufficient to define the new formations shown on the map, show 
the relation of these to the division proposed by Drake for the Colorado 
Valley, and to describe briefly the group as a whole. 

Lithologic Chamcte1'.-The "Albany" consists throughout Shackelford, 
Callahan, and Coleman counties, of a series of thick limestone strata sepa­
rated by thick shale and marl beds containing thin limestone lentils. Prac­
tically no sands are known in the section. The thick limestone forms high 
prominent escarpments which have an average strike of N. 15 degrees E., 
whereas the dip of the beds is toward the west and amounts to 30 to 40 
feet per mile, The limestone strata are bluff to light gray and white, in 
places tinged with a little red, . hard and crystalline, and contain a few 
fossils, although not fossiliferous as a rule. The strata on the top of the 
escarpment consist of a series of layers 1 to 3 feet thick separated by thin 
shale partings. The upper layers in each escarpment weather in most 
places to nodular or irregularly shaped platy fragments. Certain layers, 
however, that form benches below the top, are characterized by weathering 
to large, massive rectangular blocks that make excellent building material. 
The shales down the sides of the escarpment are variously colored, red, . 
yellow and gray being common. Toward the base, where the shales are 
less exposed, blue and even dark colors are prevalent. The shale beds in 
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all the formations thin toward the south and the limestone thickens until 
in the section along the Colorado River over 50 per cent of the strata 
consists of solid limestone. 

Divisions.-In classifying the Wichita group the same system has been 
followed as that employed for the Pennsylvanian strata, that of ch06sing 
the persistent and easily recognizable escarpment-making limestones as 
horizon markers to separate the thick group into members and forma­
tions. In this way the lower beds of the group have been separated into 
the following formations: 

3. Clyde 
2. Belle Plains 
1. Admiral 

ADMIRAL FORMATION' 

The Admiral formation is named for the town of Admiral, a small vil­
lage located in Callahan County 10 miles east of Baird. It is defined to 
include all the strata between the top of the persistent Coleman Junction 
limestone and the top of the Elm Creek limestone as mapped and described 
by Drake. In the field the formation is topographically expressed by a 
continuous high escarpment capped by white, thick, irregularly bedded 
limestones 20 to 50 feet thick overlying 250 to 300 feet of soft, chalky, 
white, gray, blue and more rarely red, calcareous shale containing thin 
layers and lentils of white and buff limestone. 

The Admiral formation may be traced easily by following the first or 
easternmost high escarpment of the Albany-Wichita group southward 
from Albany, in Shackelford County, almost due south through the center 
of Shackelford, Callahan, and Coleman counties. The center of the belt 
of outcrop strikes through the towns of Chautauqua, Admiral, and Cole­
man. 

In the Colorado Valley the formation includes the following beds de­
scribed by Drake: 

6. Elm Creek limestone 
5. Coleman limestone and shale 
4. "Bed No. 5"-limestone and marly clay 
3. Indian Creek clay bed 
2. Hordes Creek limestone lentil 
1. Lost Creek shale bed 

The following sections include all the essential characteristics of the 
Admiral formation and further description of the individual strata will be 
omitted. 
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Section of Admiral formation along the Baird-Putnam road from the escarpment two 

miles east of Baird to town of Chautauqua 

Measured by p, L. Applin. (Q in fig. 13) 

ADMIRAL FORMATION-
Thickness 

F eet 
8. Limestone, gray, weathers to rounded boulders. Elm Creek member 2 
7. Shale .. .... ... ................ .. .................. ......... .............. ............. .................... . 18 
6. Limestone, gray, massive, weather~ to rounded boulder s .............. .. .... .. 4 
5 . Shale .. ............................... __ ... ... -- ... ........... ---- ... --.----.. -- .... ..... .. -- .. ... ...... .... . 24 
4. Limestone, yellow, heavy ..... __ ........ . __ ..... __ .. . __ . __ ... __ .... __ .. ...... ...... __ ....... .. __ . 1 
3. Shale, valley slope ...... ____ ... .. .. __ . __ .. __ ............. ____ ..... ____ ... . __ . __ .. __ ...... ______ .. ... .. 247 
2. Limestone, yellow, changes in places to white and pink colors ~nd 

weathers to angular fragments .. . __ ..... ..... __ . __ ........ __ ........ __ ...... __ ....... ... 1 
1. Shale ....... ............. ..... __ ..... ...... .... __ ... .. .............. .... .. __ ...... __ ....... __ ..... __ ...... ... 25 

(Top of Coleman Junction limestone) . 
Total thickness........... ........ ................................ .......... .... ......... 322 

Section of Admiral formation along Santa Fe Railroad, three and one-half miles 
southwest of Coleman, Coleman County 

Measured by P. L. Applin. (R in fig. 13) 
ADMIRAL FORMATION-

Elm Creek Limestone 
Thickness 

F eet 
22. Limestone, blue-gray, bouldery, crystalline, weathers to nodular 

fragments ... ........... , ................ ............. ... __ ... __ ... ... __ .. ...... ... .. .... ....... .. __ 
21. Shale ......... ..... ..... .... __ . .. __ ......... ............ .............. __ ........ __ .... .......... ........ __ . 
20. Limestone, blue-gray, bouldery, crystalline, weathers to buff color 
19. Shale, dark . __ .. __ ..... __ .... ........... __ ... ............ ................ ... ... .. ................... __ 
18. Limestone, blue-gray, crystalline, weathers to la;rge blocks __ ... .... __ ... __ 

"Coleman Clay" (Drake) 
17. Shale, grayish-yellow. __ ........... ; .......... __ ......... __ ........ ..... __ ... .. __ ....... . ____ .. __ 
16. Limestone, yellow-gray .. __ .............. ... __ ... . __ .. __ . __ .. . __ ... ...... ... .. ............... __ __ 
15. Shale, black ..... . __ ... __ .... __ ..... : .. .............. ____ ... ____ .... __ .... ......... .......... ____ ... . 
14. Limestone, muddy brown .... __ . ______ .... ... .. __ . __ ~ ....... ... __ .... .... __ . __ ................ . 
13 . Shale, dark gray ... ..... ....... . __ ... .. .. ____ ..... __ ....... __ ...... ....... ... ... . __ ... ... ..... __ .. __ 
12 . Limestone, thin gray .... __ ........ . __ .. .. .... __ ... ... __ ... __ ............ __ ...... ......... __ ...... . 
11. Shale ... .......... __ ......... __ .... .. ......... .... ........ __ ...... ................ __ .. ..... __ ... ..... ..... . 
10. Sandy, shale ... __ ... . __ .. ... __ ........ .... __ ... __ . __ . __ .... __ ... .. ........ ............. .. .... __ .... __ .. 

9. Shale ... ........ ... __ ............... __ ... ...... .. __ ......... __ ................ ... __ .. ............... __ . __ __ 
Coleman Limestone 

4 
8 
4 
6 
2 

22 
2 

34 
1 

17 
1 

11 
3 

58 

8. Limestone, yellow-gray. __ . __ .. .. __ ... ____ __ .... ____ ... __ __ . __ .... __ ... __ .. .... __ . ____ ... . __ .. __ . 3 
7. Shale, yellow ____ .. __ . ____ ... ____ ____ ____ .. __ . __ ________________ . __ ______ __ .... ______ __ .. ______ .... ____ 9 

"Bed No.5" (Drake) 
6. Linlestone, gray .. ____ .... ____ ... __ .... .... __ ... ... __ ______ ... __ ... __ . __ ..... . ______ .. __ ... ..... . __ . 3 

Indian Creek Shale 
5. Shale __ . ________ __ . __ .. __ . ____ __ ______________ __ .... __ .. ______ ____ .. ____ ..... ... ____ . __ .. __________ .. __ __ .. 34 

4. Sandstone, red-brown, very calcareous. Fossiliferous, carries good 
Permian f auna including many Ammonites .. __ .. __ .. ____ .. __ .... __ ........ __ .. 5 

3. Shale .. __ ... ____ .... __ . __ .. __ ... __ ..... __ . __ .. __ .... .. ...... ____ .. __ .... ____ .. ...... ... __ ........... ... .... 66 
Hordes. Creek Limestone 

2. Limestone, brown to gray, shaly .. ...... __ ____ . ____ .. __ . ____ ______ . __ .. ____ .. __ .... __ __ ... 2 
Lost Creek Shale 

1. Shale .... __ . ____________ ______ ________ . ________ . ______ .. . __ . __ . __ . __ __________ __ . ... ________ ...... __ .. __ __ . 46 
(Top of Coleman Junction Limestone). 

Total thiclmess .. ____ ... ____ .. . __ .. ____ .. . __ ..... . __ . ________ ... ............ __ ...... ____ . 341 
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The faun.a of the lower strat~ of the Permian which are here included in 
the Admiral formation, is indicated by collections made by Mr. Burtt and 
Mr. Applin in the vicinity of Coleman (localities 111,.1 to 111.3) and in 
part by species reported by Drake. These, as indicated by pre1iminary 
examimi.tion, contain the following forms. 

Fauna of the Admiral Formation 

I Localities 
FAUNA 1111.11111.3 

~f~~r~Wit;'l;' •• •• ••••• · ••• • •• • •••• • •• • •• • ••••••••• •• • •• •••• ••• ••••• ••••• • •••••••• · ••••••••• • ••••••• ·.1···: · •• 1 ; 
Productus ·semiretic~latus val'. cf. hermosanus .. .. .... ...... .... ..... .. .. .......... · .. · .. 1 x x 
"' Productus pertenUlS .. .... .. ......... ..... .. . ..... ................ ........ ..... ..... .... ..... ..... ..... x ! ......... . 

~:~:;:!~an:~~~~i~~ :: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::: :1 ~ I ''''~'''' 

x 

r{~~~~;:F - irl,:. 
Platyceras parvum ..... ............. ......... .... .. ... ..... ... ... - .. . .... .. . . .... ··· .... .. · .. ··· .. 1 .. ···.. ... x 

~!~~:.~r~~~ C::.~:l~:~~~: .. : .. ::::.:: .. ::::::::::: ... ::::.::::.::::':'::.:::. :'.::: .. ::'::.:::". :':::.::::: \ .. ' .~ .... J :':::~:::: 
" Mul'chisonia tel'ebratula ............. ... ......... ... ... .. ........ .. .... ............. .. ... ........ ..... ........ .... ... .. . 
" M ul'chisonia tl'inodolineata ..... .. ...... ... .. .. .......... .. .... ...... ....... ..... ......... ....... .... ....... ....... ..... . 
l\1:urchisonia sp. . ................ ...... .... ... ... ........ .. " " " ......... ........ ..... . .............. . x x 
Naticopsis sp. ........ .......... ......... .. ...... ........ ...................... .. .. ..... .. ...... .... .. ....... x 
Zygopleul'a sp. . .. ... ............... .... .... ..... ....... ....... ... ....... ......... .. ... ... ...... .. ........... x 
Orthoceras sp . .. ......... ....... ..... ........... .... .. ... .. . ..... .. ...... .... .. .. ... .... ..... ..... .. ... _.. ... . x x 
Nautilus sp ... ...... _.. .... .......... ..... ..... .. ............ .... ..... .............. .. ..... .. ......... ...... . ... ....... .. . x 

~:~~;~:~::p ..••••••••.••••••••.••.••••.• .••••••..•••••..••••.••..•••••• •••••••.• •.•.••••.....••..••••...•.... [ ~ 
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BELLE PLAINS FORMATION 

The Belle Plains formation is named for the town of Belle Plains, an 
old frontier post, where the remnant of several spacious stone buildings 
built out of the limestone of this formation testifies to the industry of 
the early settlers in Callahan County. The formation is defined to include 
all the strata between the top of the Elm Creek limestone and the next 
persistent escarpment-forming stratum, named by Drake the Bead Moun­
tain bed, which forms the top of the high escarpment west of Baird. 

The Belle Plains formation, like the Admiral below, consists of thick 
massive limestone strata at its top forming a high, prominent escarpment 
overlying white, gray, and blue calcareous shale and marl. In many places, 
along its escarpment there i's a thin, quite persistent, buff , o~· yellowish~ 
bro;n IentirtlIat forms a prominent bench about half way up th~ sid~ of 
the escarpment, is a good horizon marker in mapping the structure of the 
Baird district, and aids in distinguishing the formation from the one 
below. 

The Belle Plains formation may be easily traced from near the cE)n~er 
of the north line of Shackelford County south across Salt Prong of Hub­
bard Creek, about 4 miles west of Albany, through Baird to the Santa Fe 
Railroad, about 7 miles west of Coleman, and to the Colorado River near 
the mouth of Elm Creek. Its outcrop on the average is 6V2 miles wide and 
its ~hickness 300 feet in Callahan County and 200 to 250 feet in Coleman 
County. 

The formation includes the following beds described by Drake in . the 
Colorado coal field: 

4. Bead Mountain limestone 
3. Valera shale 
2. Jagger Bend limestone 
1. "Bed No.8" shale 

The formation is fairly uniform throughout its extent and the following 
two sections give a good idea of its character in Callahan andCol~man 
counties: 

East-west section of Belle Plains formation along R. R. tracks, from top of escarpment 

west of Baird to escarpment two miles east of town 

Measured by P. L. Applin 

BELLE PLAINS FORMATION-
16. Limest one, blue-gray, thick, massive, weather s t o large rough-

Thickness 
F eet 

surfaced blocks, sparsely fossiliferous. Bead Mountain meinber 5 
15. Shale" ,.,," ................. ....... .............. . ~... ..... .. .. ........... .... ... ...... . ... .... ... ... .... 40. 
14 . Limestone, yellow, hard, weather s to smooth surface ... ............... · .. : ... :. 2 
13. Shale ... ........ ........ ... ........... .......... ...... .... ..... ..... . ............ .... .... .... . ... . ......... . 58 
12. Limestone ... ....... ........ ... ... ........ .... ... ... ..... ...... ... ... ......... ... ...... -' ... ......... :. ... . 2 



196 Unive1'sity of Texas Bulletin 

11. Shale ........................... ................ ........................................ ............. ...... 82 
10. Limestone, light yellow, fossiliferous fragmentaL .. ..... ..... ............ . .. . 2 

9. Shale, yellow, hard, massive, weathers to form medium-sized blocks 8 
8. Limestor.e ......... ........................................ ............. ........................... ..... 1 
7. Shale ............. ..................... ...... c....... . . ......................... . ........... ... .... .. ... .. 34 
6. Limestone, yellow, weathers to form smooth-surfaced thin shales... . 1 
5. Shale, reddish-yellow................................ .... ................ ........... ........... .. 7 
4. Limestone, gray, platy, in places massive.... .................... ................ .... 1 
3 . . Shale .......................................................... ... .................................... .. ... 46 
2. Limestone, yellow, impure, shaly........................................ .................. 1 
1. Shale ............................................ ... ................ .......... ............ .... ... .......... 19 

(Top of Elm Creek limestone). 

Total thickness.. ... ..................................... .. .......... ........ .. .......... 30!) 

Section of Belle 'Plains formation along south side of Turtle Bayou, ten miles northwest 
of Coleman; sections 28, 29,30, and 31, ·C. H. & H. R. R., Blk. 2, Coleman County 

Measured by L. E. Wells 
Thickness 

Feet 
BELLE PLAINS FORMATION-

Bead Mountain Limestone 
50. Limestone, gray, hal'd, sandy, f ew fossils.................. ......... .. ............. 2 
49. Shale ............................................................ .... ........... ....... ...... ......... .. .. . 3 
48. Limestone, gray, massive, hard, fossiliferous, breaks into large 

blocks ................... ..................................... .. ..... .... ........... .... .............. 3 
47. Shale .......................... ......................................... .... ............. ................ .. '2 
46. Limestone, gray, hard, massive, breaks into large blocks, contains 

SY1'ingopoTa ......... ..................... .... .... . .............................. ............. .... 3 
45. Shale .. ................ ....... ...... ................... ....................... ............... .............. 2 
44. Limestone, gray, hard, massive, weathers into large blocks and 

smaU ' round fragments............. .............. ........................................... 5 
43. Valera shale, alternating beds of thin limestone and thick shale with 

thin sandy shales........................... ........... .. ......... ............... ............. ... 28 
42. Limestone, yellow, hard, massive, top breaks into square plates...... 2 
41. Shale ................................ ................. ......... ... .. ....................... ............... .. 2 
40. Limestone, gray, hard.................... ................ ...................................... 1 
39. Shale, dark................ ....................... ......................................... ...... .... .. 9 
38. Limestone, gray to brown, hard, massive at base, thin platy bed on 

top ... _. ___ . ____ . __ . ___ . __ ___ __ .. ______________ .. _____ . ___ ______ ________ _ ... _________ ____ ___________ _ .. 2 

37. Shale, yellowish to gray, contains thin layers of sandy shale and 
shaly sand...... .............................. ............... ............ .. .................... ..... 35 

36. Limestone, yellow, hard, blocky, top frequ ently weathers reddish, 
contains shale partings in middle, is fossiliferous, many gastro-
pods ... .......... ............... .............. ........ ............................... .. ................. 2 I/~ 

35. Shale, gray........ ............ ....... .......... .................................................. .... . 12 
34. Limestone, reddish, shaly, having pitted surface.... ..... ............ .......... ... 1 
33. Shale ... ............................. ..................................... .................. .......... .. ... 2 
32. Limestone, yellow, platy, sandy....... .............................................. . ... . 1 
31. Shale, not exposed.... ..... .................................................................. ..... 10 
30. Limestone, yellow, very sandy .. "...... ........................ .. ............. .......... .. .. 1 
29. Shale, not exposed..................................... ............ ................ ............. .. 5 
28. Limestone, gray, porous.. ..... .......................... ........... .. .......................... 1 
27. Shale, gray, contains a six inch sandy bed near middle...... .. .............. 11 
26. Limestone, gray, hard, weathers into blocks......... .... ........................... 1 
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25. Shale, largely concealed, con tains near middle very thin sandy lime 16 
24. Limestone, gray, thin .. ... .... ........................ ....... .... ........ .................... .... 1 
23. Shale, bluish-gray, l imy, contai:1.s thin sandy parting3.................... .. 28 
22. Limestone, gray, thin, platy, weathers to yellow on surfac0, c11erty 

and contains Syringopora................ .... ............................. ............... 1 
21. Shale, dark gray, weathers light. .. ....... ............................ .... ... . .. . .... ... 4 
20. - Limestone, yellow, sparsely fossilife rous........................................ .... 1 
19. Shale, gray.... .... ............. ............ .......... ........................ ....... ............ ...... 4 1h 
18. Limestone, gray to red, thin, platy, sandy......... ................ ......... .... .. .... 1 · 
17. Shale ............. ..... ........ ...... .......................................... ... .... ........... .......... 4 
16. Limestone, gray, stained with yellow on weathered surface..... ... .. .... 1 
15. Shale, covered... ........... ............. ....... ................. ............ .................. ..... 11 
14. Limestone, shaly.................................... ........... .. .......... ............... ....... ... 1 
13. Shale, with thin partings of sandstone... ... ..... .................. ... .......... ..... ... 34 
12. Limestone .. ..... ............ ............. ............................. ................................. 2 
11. Shale ........................................ ... ............................... ............................ 4 
10. Limestone, gray, massive............ ........... ..... ... .................. ..................... 5 

9. Shale ............... .... ............................ ....................... .................... .... ......... 5 
8. Limestone, yellow, shaly......................................................... ... .. ..... .. ... 5 
7. Shale .... ................................................................. .......... .................... .. . 10 
6. Limestone, grayish, sandy, fiaggy at top, lower part massive.. .. ... ..... 15 
5. Shale, blue and yellow mixed .. :..... .... ....... .. ............ ...... ..... ............. .. ... 57 
4. Limestone, gray, hard, sandy, with thin shale partings... ........... .. ..... . 13 
3. Shale, not exposed............... ................... ..... ................ ............... ..... ..... 57 
2. Limestone, gray, weathers yellow.. ................. ............................... ....... 1 
1. Shale .......... ..... ....... ....................... .................. .................... ~......... ... . . ... 19 

. (Top of Elm Creek limestone) . 

Total thickness... ............ ....... ....... ........ .. ....... ................... ...... ... 447 

CLYDE FORMATION 

The Clyde formation is named from the town of Clyde, located on the 
Texas and Pacific Railroad 8 miles west of Baird. It is a poor name be­
cause in the vicinity of the town the Permian strata are covered by Creta­
ceous sand and it is necessary to go several miles south of town to get good 
exposures. However, this is the only locality along its outcrop available 
as a name and will serve the purpose until a better may be found. It is 
made to include all the strata between the top of the Bead Mountain lime­
stone bed, capping the escarpment at Baird, and the top of the Talpa lime­
stone bed, as described by Drake. It is the westernmost formation of the 
"Albany" limestone strata along the Texas and Pacific Railroad where it 
is overlain by red beds. In the Colorado Valley it is overlain by higher 
limestone strata that outcrop two miles east of Talpa on the Santa Fe 
Railroad. Only the east or lower beds of the formation are included on 
the geologic map. Its outcrop averages 9 miles in width and its thickness 
averages 475 feet. 

The uppermost beds of Drake's section in the Colorado River Valley are 
included in this formation as follows: 
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Talpa limestone 
Grape' Creek shale and limestone bed 
"Bed No. 12" shale 

The formation consists of a series of massive and thin-bedded gray and 
buff limestones separated by thick marlybeds which have the same appear­
ance and characteristics as the younger formations just described. No 
complete sections of the Clyde formation have yet been measured. S t 

THE STRUCTURE ()F THE PENNSYLVANIAN FORMATioNS 

Structure of the Bend St1"ata.-The structure of the Pennsylvanian 
area of north-central Texas has been· very completely worked out by the 
geologists of the various oil companies and is quite well known through 
the publications of Hager,~::! Sellards,'" Pratt, ,·1 and AdamsY These au­
thors have shown the Ellenburger (Ordovician) limestone and overlying 
Bend group to have been folded at the end of the Bend epoch into a broad 
plunging arch which extends from the Llano Mountains north to the 
northern part of Young County and possibly as far as the Red River (See 
map Figure 17). The deformation is not shown in the surface strata; 
but from well records it is known that the axis of the arch extends through 
Brownwood, Cisco, Breckenridge, and Eliasville. The westward dip is on 
the average about 40 feet per mile and the eastward slope about 30 feet. 
(See cross-section Plate IX.) The northward plunge of the axis aver­

ages 35 feet in a mile so that the top of the Bend group, which outcrops 
at San Saba, is 1450 feet deep at Brownwood, 2700 feet at Cross Plains, 
arid about 3100 feet at Cisco. The arch is by no means a simple, uniformly 
shaped, plunging geo-anticline, as indicated by the earlier structural maps. 
The uniform northward plunge is restricted ' in many places by cross-

SlThe rocks here referred to the Clyde and Belle· Plains formations, together with the ' 
higher formations, were , critically studied in southwestern Coleman and in Runnels 
counties, and the results were published on pages 10 to 32 of Bulletin No. 1816 of the. 
Bureau of 'Economic Geology in 1919. . 

On ' the Colorado River the rocks are richly fossiliferous and show very closely the 
grouping of the strata. Thus, the Jagger Bend beds belong with the Elm Creek beds 
rather th.an with the Bead Mountain beds. The layers from the top of the Jagger 
Bend b eqs to the top of the Bead Mountain beds form a strikingly characteristic unit. 
The Grape Creek beds stand intermediate between the Bead Mountain and the Talpa 
beds, and may well be ' left separate, while the Talpa and Paint Rock beds are two 
foi'mations sufficiently closely related to go in one and the same group. 

The 'discordance between these ' groups and those used in the text above is rather ' 
small, but not negligible. J. W. B. 

~~Hager, Dorsey, ,The Bend Arch in north-central Texas, Bull. Am. lnst. Min. Eng:, 
No. 138, June, 1918. . .,. 

~ "SeJ1ards, E. H., On the Underground Position of the Ellenburg~r Formation ',in 
north-central Texas. Univ. Texas Bull. 1849, 1919. . 

~ 'IPl'att ,' 'W. E.; GeQlogic Structure and Producing Areas in North Texas Petroleum 
Fields. Am. Assn. Pet Geol., vol. 3, 1919, pp. 44-70. 

80Adams, H. H., Geological Structure of Eastland and Stephens Counties, Texas. 
Am. Assn. Pet. Geol., vol. 4, No.2, 1920, pp. 157-168. 
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Figure 17. Gero eralizcd structure map showing dip of Bend group. 
Contours drawn on top of Marble Falls limestone. Datum sea level. 

.. : ( 



200 University of Texas Bulletin 

warping and terracing, and in the vicinity of Breckenridge a dome of quite 
large proportions is developed in the Bend and older strata. Structural 
contours drawn on the top of the Marble Falls limestone, in those areas 
where sufficient numbers of wells have been drilled to enable accurate cor­
relations to be made, show that the curve of the contour lines produced 
by the northward plunge is not an even one but is warped into a great num­
ber of undulations produced by minor abnormal structural features such 
as small folds and terraces. The axes of many of the minor folds extend 
northeast at an acute angle to the axis of the major arch. The most 
prominent of these minor folds is the Gorman anticline which extends 
northeast from the main arch in the vicinity of Cross Plains through 
Rising Star, Sipe Springs, and Gorman to Desdemona. Another well­
known but smaller and more restricted fold or terrace is in the vicinity 
of Ranger, a third is at Caddo, and a fourth at Ivan; all located on the 
east side of the arch. There are, however, many other small, less well 
known, abnormal structures developed on the west side, such as the Morris 
Ranch fold located about 9 miles northeast of Coleman, and the Putnam 
fold located in the vicinity of Putnam and Dothan in Callahan County. 
The shape of these secondary structures is in most cases that of broad, 
gentle, plunging anticlines with several "high points" or terraced spots 
along its axis. Less commonly, as for example at Breckenridge, there are 
domes developed of broad dimensions and rather gentle dips. The amount 
of the dip rarely averages over two or three degrees in either the do mal 
or anticlinal structures. Very few faults have been recognized in the 
subsurface structure, and it is quite certain that there are no faults of 
large extent or displacement north of the Llano Mountains. The folding 
at the end of the Bend epoch was of the gentle warping type, such as 
might be produced by a gentle uplift of lighter segments and a settling 
of the border areas. There was no intense deformation beneath the area 
of younger Pennsylvanian rocks. The structure of the Bend arch is not at 
all m~nifest at the surface, while the minor secondary folds are in most 
cases indicated in the surface strata by very small warpings, a fact that 
suggests that the secondary folds were produced a little later and by a 
different set of earth forces than those that produced the arch. Probably 
the latter set of forces was instituted at the end of the Bend epoch and 
continued with less and less intensity on through and following the depo­
sition of the Upper Pennsylvanian beds. 

St'ructu1'e of the Str'awn Stmta and Overlying Pennsylvanian Beds.-The 
structure of the younger Pennsylvanian strata including \he Strawn, 
Canyon, and Cisco groups, is on the whole exceedingly simple, and consists 
of a west and northwest dipping monocline superimposed upon the gently 
arched folds of the underlying Bend. (See cross-section Plate IX.) 
There is no indication of the Bend arch and only slight evidence of the 
secondary folds of the Bend strata in the formations at the surface. The 
only deviations from the normal northwest and west. dips are small plung­
ing folds or terraces, commonly referred to as "noses," and small faulted 
areas. The noses are in most cases less than one mile wide and are two 
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to three miles long. The small structures rarely occur singly; several may 
be associated to form small anticlinoria, or more commonly they occur in 
beds of slight deformation associated with small terraces and other small 
warpings. In several cases there will be a small fold plunging westward 
and a second at its side trending north or northwest with a sharp syncline 
between (See diagram Figure 18). Quite commonly, as for example in 
southern Young County, a series of these noses and terraces arranged in a 
belt trending northeast-southwest appear to lie over larger subsurface 
folds or faults developed in the Bend. The largest "nose" or terrace is 
located four miles south of Breckenridge in Stephens County and overlies 
the south side of the large Breckenridge dome of the Bend strata, on which 
has been developed a very productive oil field. 

There are few faulted areas in north Texas, as is to be expected in an 
area where the folds are so gentle. The only places worth mentioning are 
located 10 miles south of Strawn on the Allen Ranch, in Eastland County, 
and 12 miles north of Graford, near Bm'tons Chapel, in Jack County, re­
spectively. On the Allen Ranch there is a series of five or six faults, 
arranged nearly parallel to each other, extending northwest-southeast 
one7half to two and one-half miles long and having displacements of from 
o to 80 feet. The amount of throw varies in the several faults and along 
the plain in the same fault. The downthrow side is in most cases on the 
downdip side although one or two of the smaller displacements are on 
the updip side. In the area near Bartons Chapel the faults are arranged 
en enchelon, and the movement along the fault plane was nearly vertical. 

The 01'igin of the Surface Folds and F(~ults.-The cause of the north 
Texas surface folds and their relation to the larger subsurface structural 
features has been a subject of much interest to .geologists and many 
hypotheses have been suggested, of which the following are accepted as the 
more plausible explanations: 

1. That all the small "noses" and terraces are located over larger folds 
in the Bend strata and represent small post-Cisco movements along the old 
lines of pre-Strawn folding. 

2. That the Strawn formation was laid down on a very uneven Bend 
surface that contained escarpments and ridges similar to the topography 
today. That during the latter periods there has been a settling in the pre­
Strawn valleys and slight lateral movements in the upper sediments. 
That the old Bend ridges have acted as buffers to the lateral pressures and 
produced a wrinkling at the surface which is responsible for the belted 
alignment of the small areas of deformation. 

3. That there was a series of faults or fault zones produced at the end 
of the Bend epoch trending in northeast-southwest lines. That later slight 
movements in post-Cisco times along these old fault planes produced slight 
wrinkles at the surface. 

4. That the folds at the end of the Bend epoch were all connected with 
the uplift that produced the Llano Mountains and were caused by isostatic 
adjustments of the earth's crust involving the upward movement of lighter 
granitic masses and the settling of surrounding basic deposits. That these 
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forces have not been active since the beginning of the Strawn epoch, and 
that all .later movements have had no relation to the pre~Strawn upheaval 
but 'have been brought about by local causes such as adjustment to load 
during epochs of nipid deposition, chemical changes during the induration 
of the sediments, slight contractions due to crustal shortenirig, etc., and 
that the .location of the small.surface "noses" over the larger folds in'the 
Bend is purely chance. 

, It is difficult to choose one of the above hypotheses which is entirely 
applicable to a given area. It is thought that the s~cond suggestion, that 
of ,a very uneven surface of the Bend, is least sound because neither along 
the outcrop nor in sections constructed from well' logs is there indicated 
a hilly surface at the top of the Bend. It is more proba:ble that no one 
of . the above causes or set of causes is entirely responsible for the noi·th 

A B 

Figure 18, Diagram showing types of folding of surface strat a 

Texas surface structure, but that all of the faetors have played a part. 
The surface fold south of Breckenridge, the series of "noses" at Ranger, 
and the syncline at Gorman are all located over so prominent subsurface 
folds in the Bend, that although they are of very different shape and much 
smaller extent, yet they must have some relation to the structure , beneath. 
On the other hand there are undoubtedly anticlines in the Bend that hav(' 
no expression on the surface. Near the town of Ivan, in Stephens County, 
there seems to be a prominent subsurface fold, although the dips at the ' 
surface are almost normal and indicate that there has been no folding 
in the Ivan district since the deposition of the Cisco beds. There are also 
many small wrinkles and "noses" on the surface which as far as known are 
not located over or near subsurface anticlines. They are undoubtedly" 
due to local movements much younger in age than those that produced 
the large folds of the Bend and of different type. A common example of 
this class is the small, double plunging fold or "nose" illustrated in Fig. 18. 
In many cases the small "noses" of the double fold run at acute or even ' 
right angles to each other, forming a finger-shaped structure (See diagram ' 
B Figure 18). The shape of these folds suggests that they were produced 
by a contortional or twisting movement. A straight lateral shove directed 
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in the direction of strike would develop plunging anticlinoria of the type 
of A in Figure 18. A contortional movement operating at the same time 
might form the finger shapes and "twisted terraces" illustrated by dia­
gram B, Figure 18. The twisted type of structures seems to have no rehi~ 
tion to the larger subsurface folds. They occur as commonly over syn­
clinal areas in the Bend strata as over anticlines. The best explanation 
for the origin of the small faulted areas is that offered by FathSG who 
states: 

"Horizontal movements along lines of weakness in the deep lying (strong) rocks 
(of the basement complex), with the consequent drag of the overlying weak sedimimts, 
would tear the lower parts of these sediments along a narrow belt parallel to the 
deep-seated movements, and ShOl't fractures would open which would trend at an 
angle of about 45 degrees with the direction of the movements. The adjustments of 
the overlying weak strata' to these fractures would result in the belts of short 
normal faults characteristic of the region." 

This explanation might apply not only to the faulted belts but also to 
the narrow belts of abnormal folding and twisting that are commonlyasso­
ciated with the few faults found in the north Texas district. Doubtless 
the belts of contorted strata may grade downward into series of normal 
faults caused by the drag. 

Summa1'y.-The origin of the structural features of the Pennsylvanian 
rocks may therefore be summarized as falling under two chief causes, as 
follows: 

1. The upward movement of 'lighter acidic granitoid masses in the 
earth's strata produced by the settling of heavier basic masses due to 
overloading along the ancient shore line and perhaps producing the first 
movements along the Balcones Fault line. The point of greatest intensity 
of , uplift was in the Llano Mountains, but at the same time a large arch' 
was produced extending northward from the mountains nearly as far as 
the present Red River Valley. 

2. Local adjustments due to relief of stress in the upper strata, and 
slight movements along old lines of weakness in the competent strata below 
that produced small faults and belts of gently folded strata at the surface, 
and finally contortional movements caused perhaps by lateral slipping along 
an old subsurface fault producing the double "spreading finger"-shaped 
folds. . 

Age of the Pennsylvanian Folds.-The major folding of the Bend strata 
that produced the Llano uplift and the Bend arch took place before the 
deposition of the Strawn beds, during the post-Bend-pre-Strawn epoch, 
possibly continuing during the deposition of the earliest Millsap strata. 
The folding of the upper Pennsylvanian formations took place during later 
periods and at different epochs. Following the Bend arch upheaval changes 
seem to have been gradational, and the earth movements slow and more 
or less continuous, and not of the type ,that leave plain records. However, 
there are fragmentary evidences of crustal movements in the Strawn beds 
that did not affect the overlying strata of the Canyon or Cisco. The anti­
clines near Locker and Regency in the Colorado River Valley, and on the 
Allen Ranch in the Brazos River Valley, all located within the Strawn 

S(;Fath, A, E. The Origin of the Faults, Anticlines, and Buried Granite Ridges 
of the Mid-Continent Oil and Gas Field, U. S. GeoL Surv., Prof. Paper 128-C, 1920. 
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beds, are much more steeply folded and faulted than any of the gently 
plunging folds and faults mapped in the Canyon and Cisco outcrops near 
by. The structural contours drawn on the oil sand of a portion of the 
Strawn oil field, show a small dome, whereas a carefully made contour of 
the Palo Pinto limestone, which outcrops at the surface, indicates only a 
small plunging anticline or "nose." Higher up in the section there are 
small local folds in clays near Eastland and in a sandstone east of Weedon 
School, in Brown County, which do not show in the overlying strata of 
the Cisco group. There is evidence therefore that the small surface folds 
of the Pennsylvanian strata were instituted early in the Pennsylvanian 
period and continued with lessened intensity throughout the latter epoch 
of the period and on through the Permian. In the later periods there has 
been very little folding in the north Texas Pennsylvanian area. 

SUMMARY OF THE PHYSICAL HISTORY OF THE 
PENNSYLVANIAN PERIOD IN NORTH CENTRAL TEXAS 

The completion of the new geologic map and the comparative study of 
sections throughout the north Texas area have thrown additional light on 
the physical history of the Pennsylvanian period in Texas. From east to 
west the geologic section above the Bend becomes progressively thinner, not 
only because of the pinching out of the basal beds, but also because of the 
thinning of individual layers of sandstone and shale. In the well log 
sections extending from east to west many of the thick sandstone and con­
glomerate layers play out toward the west and their places are taken by 
thinner layers of shale. The limestones in the section become thicker 
and more numerous in all the formations. The Cisco group for example, 
at its outcrop in Stephens County, is predominantly shale, with thin layers 
of limestone and calcareous sandstone. The excellent log of the Spur 
wells7 shows that the upper layers of the Cisco in Dickens County, 120 miles 
west of the outcrop, are represented by 400 feet of limestone and a little 
marl. The same change on a smaller scale takes place from north to south. 
The thick sandstones and marls seen in the section in Jack and Young 
counties are absent or replaced by thinner strata -in the Brownwood dis- -
trict, and limestones become more numerous in all diyisions toward the 
southwest. The thickening and lithologic change toward the west and 
southwest do not take place equally in all formations. Although appar­
ent in nearly all formations, there are a few beds that show the change 
much more markedly. Thus the Smithwick shale of the Bend group is 
much thicker and contains more sandstone layers and fewer limestones 
in the Mineral Wells district than it does 50 miles to the west in the vicinity 
of Breckenridge. The Millsap formation thins rapidly toward the west and 
is entirely absent south of the Colorado River. The Graham formation 
of the Cisco group thins from 300 to 400 feet in Jack County to less than 
100 feet in McCulloch County, and all the thick sandstone and conglom­
erate lentils found in Jack County play out abruptly in Stephens County. 

These changes in character of the sediments indicate that the old land 
mass from which the Pennsylvanian sediments were derived was situated 

87Udden, J . A., The Deep Boring at Spur, Univ. Texas Bull. No. 363, 1914. 
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to the east and northeast of the present area of outcrop. Old schists and 
other ancient rocks have been struck in holes drilled in Grayson County 
about 60 miles east of Jack County. The shore line oscillated back and 
forth in the different epochs; at times high land must have been quite 
near at hand, as evidenced by the large fan-like deposits of gravel. Per­
haps the mean position of the shore line was not far from the old Balcones 
Fault line. During the Bend epoch the land was low and furnished largely 
carbonaceous muds and calcareous oozes. During the latter part of the 
Bend epoch a little fine sand was washed into the Mineral Wells area. 
Following the Bend epqch there was a broad uplift in the Llano Mountains 
and across the area to the north a broad arch was formed which brought 
the sea bottom at or above sea level in the vicinity of the present Colorado 
River Valley, and possibly at high points along the top of the arch. At 
the same time there was a deep depression in the Mineral Wells and J acks­
bol'O areas, into which thick deposits of mud and sand were rapidly washed. 
During the Millsap epoch the Mineral Wells embayment continued to fill 
up and the epoch ended with shallow water and conditions favorable for 
widespread peat deposition. Following Millsap times there was probably 
another uplift of the land mass, at least conditions set in favorable for 
rapid erosion on the land and deposition of thick deposits of sand conglom­
erate and shale, each bed of which seems to have been washed down an in·· 
clined slope and deposited in a near by bay in such a way that each younger 
bed overlapped offshore the . bed below. At the end of the Strawn epoch 
there is evidence of a slight uplift in the Llano Mountains so that the basal 
beds of the Canyon limestone were not deposited and in their place came 
conglomerate layers washed in from a southern direction. During most 
of the Canyon epoch there were tepeatedly long intervals of time in which 
the sea received almost no clastic sediments, and thick extensive layers of 
limestone accumulated over broad areas. At the beginning of the Cisco 
epoch there was another uplift of the lanCl confined this time largely to the 
northeastern part of the old Texas coast line, so that deposition was greatly 
increased in the northern area, and large quantities of sand and conglom­
erate were washed into a shallow sea in Jack and Young counties, while 
conditions farther south in the present Brown and McCulloch county 
areas continued about the same as in the previous epoch. The climate was 
warm and the sea shallow and able to support a very prolific invertebrate 
life. The shores teamed with small shelled animals, and huge colonies of 
corals thrived in the shallow waters. At the end of the Graham sub­
epoch of early Cisco times the sea retreated from the north Texas area for 
a short interval and the youngest clay beds of the Graham formation were 
removed in certain places by erosion. The interval of erosion was short, 
however, and the sea soon returned, spreading along its advancing beach 
an extensive deposit of sand. During the remainder of the Cisco epoch 
there were intervals of shallow water alternating with intervals when the 
land was at or above the sea level. Thin beds of limestone, cross-bedded 
wind-blown sand, thin seams of coal, brackish water deposits of clay, and 
gypsiferous and ferruginous muds were laid down in alternation through­
out the entire area, so that although changes were frequent they were of 
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a type which affected the northern and southern areas nearly equally. 
To the westward, in the districts now covered by the Permian deposits, as 
far as known the sea was fairly continuous and receiving calcareous de­
posits now represented almost wholly by limestone strata. 

SUMMARY OF THE PALEONTOLOGY · AND CORRELATION OF 
THE TEXAS PENNSYLVANIAN 

In the table following is shown the distribution of invertebrate fossils 
in the formations which have been described in this report on the Penn­
syivanian stratigraphy of the north Texas region. . While from the nature 
of the study and the conditions under which it has been prepared, it has 
not been possible to give critical and equally detailed study to the faunal 
or broader stratigraphic features which are most desirable, it is believed 
that sufficient evidence is available for a much more satisfactory delinea­
tion of the relations of the Texas Pennsylvanian than has . been possible 
on information published heretofore. 

- It will be observed that the fauna of the Bend group is as a whole 
notably different from that of the succeeding Pennsylvanian divisions. 
It contains a considerable proportion of species, also, which have not been 
observed in other formations, but as has been indicated there is abundant 
evidence to show that it belongs to a very early stage in the Pennsylvanian 
period. On the basis of similar constituent faunal elements and corre­
spondence in stratigraphic position, it is correlated with the Wapanucka 
limestone of southern Oklahoma and the Morrow group of northern Arkan­
sas and northeastern Oklahoma. Beds from which fossils have recently 
been collected at the base of the Glenn formation on the south side of the 
Arbuckle Mountains appear to correspond to the Wapanucka horizon and 
may also be correlated with some portion of the Bend . 

. The Bend is unconformably over lain by the Strawn group composed of 
clastic sediments which overlap in a direction from east to west and were 
evidently derived chiefly from an old land mass, Llanoria,ss lying to the 
southeast and east. The Llano or Central Mineral Region of Texas was 
apparently an essentially positive element even in Strawn time, for in the 
vicinity of Brady, in McCulloch County, Canyon and Cisco beds are shown 
to be in contact with the Bend (see geologic map, Plate I). The fauna of 
the Millsap formation contains some elements which are similar to the 
Bend but is certainly considerably younger than that group. The strati­
graphic relations of the Millsap to the Bend are not known but it is not 
improbable that only a slight break, if any, occurs between them. At all 
events, since the Mineral Wells formation contains a distinctive fauna 
very closely related to the Wewoka in southern Oklahoma, and that re­
ported from the underlying beds, the lower portion of the Strawn is with­
out doubt equivalent to a part of the series between the Wapanucka lime-· 
stone and the Calvin sandstone, very possibly including at least a portion 

88The name Llanoria is applied to an ancient land mass which extended fro m the 
Llano region to the Sabine area and probably included very much of southeastern 
Texas, in mss. by H. D. Miser. 



o \'.'ABAUNSEt 

~OH.""WN(C 
G§}OOUGLAS 

~LAN5INO 
@KAN.:}AS I 

CTITI! MA~N,ATO:" 
[IT] CHEROKEE 

c:::::( UNQ:n-CR(:;NTIAT!:D 

DroRAKtt! 

~ euc'( CI;! [~r(-PAv"'r1U5rV, 
ffiS] O~CAD LS. - N'!:i,.AGO:-<EY 

~OCHELA"A 
~ LO\vCR ""AN~- UP;:>!: ;;!; 

CURL- 3f\IATOO~ . 

m DUOl-tV Su. ,,"0 C~REr-.Oii!E 
[ill VINITA 

Plate XXVI 

PE:'\~ SY JXA-:,\L\ :\ .\ REA 
Of T Il L 

;\II D- CO~TI~E :\ T HE GlON 



~AN.sAS 

n~ 
-'" '''''''''''') """'"(i~'i / / ! LL i '-/L LU LU LLU ~~~ ~~, - ___"-' - ~,.~ ~ ~~ ~C, ~ Cc ~ ' , ' L~= ~~"'mpHjp ::;:::?h" I/\/;'~-=,~:...,~~=: __ ~- '- . ~-------____ -------------------- -------1--1 

DO ': hc""i<c ~' 
c ' 

Figure 19, Correlation of the Texas Pennsylvanian 

Gruford 

M,"cr-cu ""'ell.:. 

""II~QP 

~ 

r',1:>.rDc:"'a..il:.> 

o. .. ,.-.tr-

0 

X 
ii 

i 

~ 
~ 
~ 

9 
~ 

I\:) 
o 
00 

~ ;:s 
<", 
c:: 
(1:) 

"l 
iJ;) 
<-" 
No 

<:::: 
0 
'-+, 

~ 
(1:) 
p. 
~ 
iJ;) 

OJ 
"" ;::.. 
(;" 
No 
<-'. ;:s 



Stratigraphy of Pennsylvanian F01'mations of N01'th-CentraZ Texas 209 

of the Atoka formation; also, since the section on the northeast side of 
the Arbuckle is believed to be represented on the south side by the strata 
included in the Glenn formation, by a portion of the lower Glenn. The 
fossiliferous Mineral Wells formation which belongs in the upper part 
of the Strawn may be correlated tentatively with a higher portion of the 
southern Oklahoma Pennsylvanian section, McAlester shale or above, but 
below the Wewoka. In general stratigraphic position and in the inverte­
brate fauna which is known, accordance exists. 

On the general map of the Mid-Continent Pennsylvanian the Strawn of 
Texas is represented by light, vertically ruled lines. The geological divi­
sions of the states to the north, to all or part of which the Strawn corre­
sponds, are similarly marked. In Oklahoma the divisions include the strata 
from the top of the Wapanucka limestone to the base of the Calvin sand­
stone-Claremore formation-Fort Scott limestone, which is a horizon mark­
ing the change in the northern part qf the state and in Kansas and Mis­
souri from the clastic deposits of the Vinita-Cherokee into the more cal­
careous series overlying. In the Pennsylvanian area south of the Arbuckle 

. Mountains, the major portion of the Glenn is regarded as belonging to the 
same division of time as that represented by the deposits on the northeast 
side of the mountains above the Wapanucka, and accordingly it may be 
included as a part of the lower Pennsylvanian deposits to which the Strawn 
belongs. In Kansas, Missouri, and Iowa, the vertically ruled area includes 
the Cherokee shale, which, while similar in lithologic character and fauna 
to the thick section in Oklahoma and Texas which is here discussed, repre­
sents only tne later, upper part of that series, marking the encroach­
ment of the seas on the lands at a time considerably later than the time of 
the Bend-Wapanucka-Morrow to the south. 

The Canyon group includes limestone deposits which represent fairly 
open, clear water conditions, although there is very much shale and some 
sandstone in the division as a whole. The fauna, while including some 
species which are not observed elsewhere, is marked by the presence of 
many characteristic species from the Wewoka formation, and the middle 
and older, rather than the upper, Pennsylvanian divisions of other regions. 
The Canyon may be correlated with the upper part of the Pennsylvanian 
series northeast of the Arbuckle Mountains, approximately Calvin to 
Holdenville, inclusive, within which is the Wewoka formation. 

The Canyon is shown on the general map of the Mid-Continent region 
in dark, vertically ruled, full and broken lines. The stratigraphic divi­
sions in the Pennsylvanian outside of Texas with which the Canyon is 
here correlated are similarly represented. In southern Oklahoma this 
includes the portion of the Colgate area section above the Calvin which 
has just been mentioned. Farther north it includes the Claremore for­
mation, Lenapah limestone and intervening beds, and a portion of the 
strata above the Lenapah which are approximately equivalent to the Dud­
ley shale of Kansas. The Lenapah horizon has been traced across eastern 
Oklahoma and is found to occur just above the Wewoka, so there appears 
to be relatively little question, in view also of the similarity of faunal char-
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acter, of the equivalence of the Wewoka and associated adjacent beds to the 
Marmaton formation of Kansas. In Kansas the beds regarded as equiva­
lent to the Canyon are comprised essentially in the Marmaton formation, 
which is the area shown in corresponding ruling on the map. The contin­
uation of the Marmaton in Missouri and · Iowa includes the Henrietta and 
Pleasanton .formations as described in recent Missouri reports . 

. The · Cisco contains two main faunal groups, one in the Graham forma­
tion which is very similar to the Wewoka, and a second in the strata in­
cluded in the Thrifty to Putnam formations. The contrast in these groups 
is very obvious and the characteristic fossils from the two .portions of the 
Cisco may be distinguished readily. The Graham fauna, in spite of its 
evident relation to the Wewoka fauna, lacks some of the typical fossils 
of the latter which are most suggestive of the older Pennsylvanian; and 
contains other fossils, such as the unique group of Permian-like ammo­
noids, which are strongly suggestive of the Upper Pennsylvanian. . In 
view of these faunal characters ana the similarity in the change to the 
fauna which succeeds, the Graham formation is correlated with the lower 
part of the Upper Coal Measures which is included in the Kansas City 
formation of the Kansas and .Missouri sections, and it is believed to be 
younger than the Wewoka formation of southern Oklahoma . 

.. The upper portion . of the Cisco .group contains a typical Upper Penn­
sylvanian group of invertebrate fossils which is mainly characterized by 
the disappearance of many of the types which had been dominant in the 
earlier stages, and by the appearance of a few species which, because of 
their occurrence and wide distribution only in this part of the system, are 
readily identified as markers of it. The formc:ttions from the Thrifty to 
the Putnam are correlated with the divisions of the Kansas section, Lansing 
to Wabaunsee, inclusive, but there is no precise equivalence between the 
individual stratigraphic groups, so far as known, nor is this likely. In 
Texas. as in Kansas, the transition from the uppermost Pennsylvanian to 
the Permian is without stratigraphic break and the exact line of division 
can not be placed very satisfactorily . 

. On the. map the outcrop of the Graham formation in Texas is represented 
by the same convention, light diagonal ruling, as that for the Kansas City 
formation in Kansas and Missouri. In Oklahoma the continuation of this 
division has not been traced definitely across the state. Indeed, on account 
of changes in the lithologic character of the strata to the south, it is not 
apparent that readily determinable, mappable units precisely equivalent 
to the divisions farther to the north can be differentiated. From the 
known strike of the beds and the position of the Lenapah horizon. to the 
east, it appears that strata equivalent to the Kansas City formation are 
present in eastern Seminole County,Oklahoma, beneath the conglomerate 
(Seminole) which under the direction of McCoySO has been traced south 
into the Franks conglomerate. It may be observed that if this is the case, 
and the Graham is, as believed, approximately equivalent in age to the 

snlVlcCoy, A. W.,. Persona) communication. 
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Karlsas City beds, the uplift of the Arbuckle Mountains, which occurred 
in post-Glenn time, may have occurred as late as after Kansas City time; 
or, as seems more probable in view of the considerably thicker, more clastic 
character of the Graham in its northern outcrops and the consequent in­
dication of very active erosion north of the Texas basin, that the uplift 
was initiated at about the close of Marmaton, that is, of Des Moines time; 
that during Kansas City time debris from the . thick section · of Lower 
Pennsylvanian clastics equivalent to the Glenn and Atoka to Wewoka 
sections above the mountain area, was spread to the south and north, and 
that toward the close of Kansas City time much of the material from the 
old Paleozoic and Pre-Cambrian rocks which eventually were exposed in 
the mountains, was accumulated on the flanks and spread outward at the 
horizon or horizons represented by the Franks (Seminole) conglomerates. 

The remaining portion of the Cisco of Texas is not differentiated on the 
map of the Mid-Continent region. In Kansas, Missouri and Iowa, the di­
visions of the Lansing, Douglas, Shawnee and Wabaunsee are shown, but 
these can not be traced far into Oklahoma. It is perhaps noteworthy 
that the lower portion of this Upper Pennsylvanian series, especially in 
Oklahoma and southern Kansas, is characterized by a marked increase in 
the pr oportion of coarse clastic material which may have been derived 

. from the uplifted area to the south and west.DO 

The following correlation table and Figure 19 show some of the relations 
of the Texas formations described in this report as indicated by the recent 
studies. As more complete evidence is obtained both from Texas and other 
parts of the Mid-Continent region, it will be possible to ascertain more 
definitely these relations and equivalences. 

90The discovery of crystalline rocks directly beneath the Permian in the vicinity 
of the Wichita Mountains, in western Oklahoma (Beckham County) and the Pan­
handle of Texas, indicates that a land area in late Pennsylvanian time in this region 
may have contributed importantly to the sediments now found in the Upper Penn­
sylvanian strata of Oklahoma and Kansas. 
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FAUNA OF THE TEXAS PENNSYLVANIAN 
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Tabul~pora heteropora --- ---- - /--- - x 1-- -- / -'-' ---1'--- --. - -- -- -x'-- _--__ --_ _ --_-__ -1
1

-_-_-_-_ -_-__ . -_ •• -_-_-_ 1-_-_-__ -
Tabuhpora sp. __ __ __ _______ _ ._ ... ___ 1 __ __ x 1--·- .1 x ---- x ---- --- -

;::~~~~~~t~:r~~~cn~m~-~·~ti-~ /-- .- -- -- --- -/1-· -· .. -- ---- ---. x .---1--- -]--- . ---- ---- I -- --

F~~e~t~-ii;-~~-~-~-l:~~-~~ - ::::-::: :::: \ i .::: : I- ~- ::::111 ::::\:::: :::: :::: :::: :::: :::: _~_ :::: :::: :::: 1/ :::: 
Fenestella ~racilis __ ___ ______ _____ 1 ___ _ ---- ---- -.. - ---- ---- -- - -.-- ---- --- - x .-. - ---- -.- -- ----
Fenestelb hmbata --- --- .----- ---- ---- -- -- -- -- 1 __ __ -- -- - --- - -- - ---- - --- - --- x -- -- ---- ----
Fenestella modesta . ________ ____ __ _ x /---- --. - ---- ---- --. --- - ---- ---- ---- --- - --- - ----
Fenestella perelegans -.--- -----'/ - -. . -. . --. - i -. -- -- -- -- -- ---- ---- -- -- -.-- x ---- ---- " --1 
Fenestel}a trinodat~ --:----- . '_1 __ ._1. ___ 1 -.- 1 ___ . -·- -11 ____ / ____ 1·_ __ --- --- - x ---- .- -- .. --
FenesteLa d _ multlspmosa __ 1_. __ x 1-··- 1-- ·- --- -I --- . -- . -\ ---- --.- ---- -. -- ---- -.-­
l<'enestella sp. --- .-.--. -. -- --- -.-- ----11 ---- 1 x 1---- d x 1---- 1 x 1 x ) ..... , x'i D x x 1---- x 1 x 
Polypora ba~sle~'i ----. ------ .. -.-11 -.- -1---·1 -- ·-)' I --- l-- ·- I \---- \ ? ,·-- 11 -·-- '-- -- -- .-- . -- -- ---- 1- ---
Polypora spJUuhfera __ __ . ___ ____ 11 ___ _ -.- - --- -1---- --- -I ---- --- - ----II .- ---- x '--- ---- --- -1- -- -
Polyp or::! sp. ______ __________ _____ ___ 11 --- - x ---- --' - x x 1 x '_ ' _1 x -.-- x .-- - ---- -- -- ----

~:;~~;~~~r~i_:~:i.;i;~--: :: ::::::: :::: /1:::: ~ I:::: I:::: :::- :::: 1:::: ::::11 -::: -r; -r; -r; :::: :::: \"7-
Septopora blsenahs nervata ,-" - -.-. , -. -- -'" ---- x ---- J-- .-I --- - ---- x 1' --' ---- ---- ---­
Septopora sp_ -- -- --- --- --- ------ ----- \--- - x 1-·-- \---- -- -- x ·- l- -- I-----.-- x ---- ---- -- -- --- -
Septopora robusta --- --------- ---- ---- ___ _ 1 ___ _ - - -. ---- I --- .-- -!-- .. ---- ---- x ---. ---- --. - ----

Rh;e:~~~~l:~ __ __ ~_~~~~~~~~~l:~_i_~ I II -- - . x \ ____ \ 1

1

__ __ x II x ___ _ 1 ____ x ._. x ' __ ______ x ___ _ 
Rhombopora attenuata . ___ ._ __ x ___ . ____ _ ___ . ___ -__ _ -- __ . __ . ___ _ . __ . ___ .. _._ 
Rhombopora persimilis ___ .. _._ x . __ . .. -. -. __ --. ___ _ .. ___ _ . __ . __ _ _ .. _ 
Rhombopora tabulata .. ____ .___? -..... -. -.. _ .-- . • __ . _. __ -' " _. ___ .. _ 
Rhombopora sp. __ _ .. ___ __ ._______ __ x x . ___ .___ _ ____ .. _ x ._._ .. __ ___ _ 
Cystodictya lineata _ .. _ ... __ .____ ?? .. __ ._. _ _ ... -_. _ __ ._ ._._ . ___ ... ___ ._ 
CystodicLya n. sp. A __ ._ .. __ . __ . x .. -.. -.- -.. - -- .. ··_·1· .- __ ._ . __ _ ._ .. 
Cystodictya n. sp. B .. _______ _ . _ __ _ . _._ . . _._ . ___ __ .. ___ . __ . _ _ . __ / x .. _. / __ . __ .. _ 

Cystodictya sp. ___ .. _ ... ______ .. ___ 1 ---. x 1-·-· --'- .--. -.-- 1---' -.-. ---... -- .. -- -.-- \ 
Prismopora n. sp . .. _ .... _._. _____ 11.--- 1 x 1· ___ 1 -... . -.- .- .. --- -.- \ -.-. ·-· ·1 -·-· -·--1 -· ·-1 ·· -· --'-
Glyptopora n. sp. --- -- --.---- .-.- 1 __ .. 1 x 1-·--1 , ··--1· ··-1 1---- 1-- --1- --' 1---./ .. -.1---- .-- .1 ----/- -.-11 ... -
Streblotrypa ulrichni ... . --- ... --! I ·- ! ·-·· 1··--! I····I· ~· · II -·-- ! ---- --- -11 --·· ···· 1 x 1--- ·1···- i -.. -! i -- .-

D indicates species reported by Drake. 
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SPEC IES 

-B~ach~op;;da-'---" ~'---' ~---'--'-rr-I~ -I-r--- 1 I II 
Lmgula albapmenSlS ...... -.- .. I X I X .... I i'''' .. -- ........ ---- -..... --1 .... \ .... ...... -.\. ---. 

~::~~:: :~l~~~~~t.~ __ :::::::::::::.:: ,-:::I:::: '~'IC: ~- -~- :::: :::: : :::: .~- :::: :::: ::::1 1:::: 
Lin~ulip~ra n ebraskensis ..... .. ·1--...... I .... -.. I-- .. \ .... i .... ! X -- .. 1 .... 1 .... 1 .. --1 .... 1\ .. .. 
Orb~culo~dea convexa ...... ----II .... I·~· I- - .. !/ ........ 1.

1 
D D I .. __ X D I ........ ' .... 1 .. .. I .. .. 

Ol'blCulOldea caneyana ........ 1

1 

.... 

1

. .. .. I........ .. .. L---.... ..-. ---- -......... -- .. - I .. .. 
Orb~culo~dea b~tesvil~ensis -- -- .. ? ,"" 1 ...... - /' -- .. /·.: .... -- "D" ... _-_ .. '.-._". -.-... -. , ........ -.-_-_-_1 .--.-_-. 
OrbICuloldea mlssourJenSlS .. 1 .... 1 ____ 1 .... 1 .. -- --.. .... D .. .. 
Orbiculoidea n. sp .. -- .......... --. X .... -.. . - .. - ........ -- .. -................... I· .. .. 

Orbiculoidea sp . .. ........ _........ . .. .. __ .. X X .... __ .. .. .... -- .. _. x ..... --- -'" 
Roemerella patula .. _ .... _........ .. ...... _... __ .. X ____ .. .. .... X -- .. .... ---- ........ 1 .. -. 

Roemer ella ? sp ............ _ ... :.. . ... _ ... . ___ .... X ...... -..... .. .. - - -- -..... ....... --- I .. .. 
Crania modesta ...... _ .. __ ........ _1 .... -'" .. -. ........ X D .... X ---- ................ I .. .. 
Rhipidomella pecosi ............ .. .. x .. _.\ .... X .... x.... x .... --- . -....... -- .. -... 
Orthotichia schuchertensis .. \., .... X .... -- .. -- ...... ---- .... ..... --- ................ ,- .. . 

~:~f~~l:~~rll~:ci:~::~~:-~~~i~::::\!"- : ':f:: 1-::: :.:· 1::': '::: :::: :::::~ :~:I:~: ::::(:/1:::: 
Derbya cl'assa ........ ....... _ .... .. II_ ... I ............ X X D -.. - x D I x 1 x 1 .. .. 1 x \I D 
Derbya bennetti --- ......... .. .......... I .... --.. ........ ? ........ x -....... 1 .... 1· .. · .. -- I .. .. 

. '., .~ . 

Derbya cymbula ........ __ .. _ ..... ___ . __ .. .... .. .... -- --" ........ x x 1- .. : x x 
Derbya sp . ...... ----.- .. -............ - .. .. .. .. ---- ---- .......... -: ............ I ...... .. 
Meekella stria tocostata .. ...... -"- --.. .... D D ........ -.. - x .... I ...... -. D 
Chonetes choteauensis ...... __ .... x .... -- .. -.. . .. .. .. .. -- .. -.. - ... - -..... .. 
Chonetes granulifer .... _. ____ .. .. .. ___ _ _ ... .. .. x x D .. _. x D x ........ __ .. 

Chonetes granuli fer 111eek- I ' . 
anus .... _ ............ ____ ............ ___ 11 ........ -- .. . -.. - ........ x ... -- x x 

g~~~:!:: n~l~:~~!~~~sd~~·i·~·i~·~·~ I:::: .~- :::: .... x:::: :::: :::: :::: :::: :::: :::: :::: :::: 
Chonetes laevis ........ _ ...... _.... _._. _ ... x .. -- .... --.. .. .... -- .... ...... -- .... 

Ch~::t~S .. :~.~~~~~~~ . ~.~~.I.n~.~~ \ .... __ .. .... .. __ x .. _. ______ ...... .. ...... _ .. ~ .. _.1 _. __ 
Chonetes verneuilianus ..... ___ __ .. __ .... __ __ .. x x D .... x ...... _. -- ........ .. 
Chonetes n . sp. _ .. ... .... ___ ....... __ .. x .... .. .... -..... .. .... -............. ---. 
Chonetes sp ........ ____ _ .. __ .......... 1_ .. _ .... x ._ ..... - --.. ... . .... x x --......... . 

Pl'oductu~ coloradoensis ...... / .... '? , .... I .... x x x --.- ? .... ........ ? 
Productu~ cora _ .. _______ ............ __ __ x .... 1 x x x x.... x D x .. __ .... x 
Productus costatus ........ .. __ .. .. .. .. _ .. . _... D D.. .. D D ____ D ...... -. 
Productu~ insinuatus _ ....... .... -- ...... -'" x .. -... .. :-.. 1· .. - ............. .. .. 

~~~i~~!~: !::~~~~~_~~.~~~. :::::::. I:::: ~ :::: x .. .. C: .. :: :::: ::::/1:::: :'.: ::':: :::: ::': I::': 
Productur pertenUls .. _ ....... .. 1 __ .... .. 1· .. ·1 1 .... x 1 .. -- D.. .. x D ? .... .... .... D 

~::~~~~~~: ~;~~:;:ti~·~i;t~~ .. ::II::::I_~.I::: : II :: ::I:::: \I-D "Ii :::: 'n/:::: - D I'~ ' :::: '~-I'D 
~:l~~~~~l:r:Pia~;ii~~~i~··_· ____ ::_·::llli:: ____ I.~. I __ ~- ____ [1----:--

1
-; II?~ ~ I:: :: II·~·I?DI::: : I·~· II ::::I::::I ·I : ::: 

Marginifera missoul'iensis .. -- .. 1 .... 1 __ __ .... I .... II .. -·I .... I .... II ? 1 .... 1 .... 1· .. · .... I ...... .. 

D indicates species ~'eported by Drake. 
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SPECIES 

::~:!!~!~:~:: ~:;~c:~::~i~· ~~·:·.·.IIII· .. ·····II········II········!IP '1 ·~ .... ·IIII· ...... ·1 :'~I :.~ I · .. ~. ·. I ·.· .:·.·: . .... ~ .... : ..... : .... :.:'.' '.' .:.: .:.: 
Marginifcl'a ingrata .............. ... . ? , .. .. , , .. ........... ... .. . . 

::~!!~!~:~:: :~~e~~~~~ ....... ::·.:::1 ::'.:' : I·.jl:'.:: .~ . . ~ .. ~ .. : .. ' .~ .. ~ .~ .. ~ . ::::1:::: 

;~:~~:: !0!~~:l~~~~:~~~ili~ :::' ~ \:: .: .. .. .... :: .. ::.: ::.: '::. :::: :::: :':: :::: :::: 
Pustula nebraskensis ........... . 1 x I'" x I x I x ····1 x D x x .. ... .. . 
Pustula punctata .... .... ...... .... . ... x .... x x x ... . . .. . D x ..... ...... . 
Pustula symmetrica ........... ... .... .... .... .... D D ... . .. .. ? ... . ...... . . 
Pustula sublineata .......... .... .. ? . ... ... . .... . . ... ..... .. .......... . . 

Pustula n. sp ...... ..... ... ... .. .... . . x ..... ....... . ... .. . . 

Pustula £.p . ....... ....... ....... .... .. . . ... x ... . 

A vonia ? arkansana .... ... ...... . ? .... 

Avonia ? al'kansana multi- 1 I 1 

~g~~~f::~;~~f:::;~; I~ ~ 1111 •••• •..• •••• .... 1
1 

•..•• •... 
polyp1eurum .... ........ .......... \ 1··.·1 x \ ... . 11·· .. 1····1 ····1···· , ... I···· ........ ........ ... . 

Pugnax osagensis ... ...... .. ..... 11 .... 1 x I. ···11·· ··1·· ··11··· ·1 D .... I X D D x ...... . 

Pugnaxosagensispercostata li .... , .... ' .. ·.II···· I····I·· ·I···· .... x .... .... .... .... ... . 
Pugnax rockymontanus .... .. " .... 1.· .. \···· ..... ... x ....... . .... .... .. .. .... ... . 
Rhynchcpol'a illinoisensis ... . ... . .... ... . ... . ... . .. .. .... .... x ... . ·· ··1 ... .... ... . 
g!:i:::: ~;~~~~.~s .. :::: .... :: .... : .. :: .. : I ·~·I ~ I·.·.· ... q .: .. 1 :·. :·. l l .~ . I .~. :::: \ .: .. . ~ .~ .. ~. :::: :::: 
Spirifer cameratus .. ........ .. .. ? ... . ... . ··· ·1 ···· ........ .. .. .... ... . 
Spirifer marcoui .... .............. x ... . .... .. .. . ... .. .. ... ........ . .. . . 
Spirifer organensis .. ... ..... .... .... .. .. .... .D .... .. .. . ........ ... .... .. .. .. . . 
Spirifer rockymontanus ......... I.··· x.... .. .. .... ... . . ........ ... .... .... ... . 
Spirifer texan us .. ................ .... ... . .... x D.... x ............ .. .. ... . 
Spirifer n. sp. ............. ......... ... . x... . ... . ... . .... . .... ... .... .... ... . ... . 
Spil'ifer sp. ... ......... ....... .... .... . ... ... .. .... .... .... .... x .. .. ......... ..... . . 

~~::::~:::~: ~;:~~e:e:s·~· ·· :: :: :: :::: ~ .. .. ·~ ·I ·~· . ~ . . ~ ::::\ .~ . . ~ :::: :::: :::: :::: 
Ambocodia planoconvexa ... . \ \ x \ x ... . \ \ x \ x D x x ' x D x .... ... .... . 
Spiriferina kentuckiensis ... . .... x .... x x x x x x D x D .... ... . 

I···· 
I:::: 

I···· 

I···· .. _-

D 

Spiriferina transversa ........ 1 x .... .. .. .... . ............... ....... . 
Spiriferina spinosa .... ...... .... .... .... .. .. . ... .... .. ...... .. .. · ·· · j·x·· · 
Hustedia mormoni ... .... ..... ... . .... .... .. .. . ... x D x I···· x D x .... ... . ... . 

:: :: :::: 1:::: :::: :::: :::: :::: :::: :::: I:::: Hustedil1 miseri .... .... .. ..... .... . 
Athyris sp . ..... ... ... .. .. .......... .. . 

x 
.... x x 

Cliothyridina orbicularis ..... . .... x . ... x .. .. 

Cliothyridina hirsuta .... ... .... . . ... ? .... 
Cliothyridina sublamellosa .. . ? 
Cliothyridina sp .. ........ .. ..... ... . x 
Composita subtilita .. .... ... .... . 
Composita subquadrata ... .... . 

x x 
? I'~ ' ... . 

---- ' . .. - . 

Composita wasatchensis .. ... . .... 1 x I···· 
D indicates species reported by Drake. 
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SPECIES 

Solenomya Sp ...... .............. ....... 1 ...... " X . .............. . 

Sanguinolites Sp. .......... ..... ... . ... X.... .... .... .. . . ... . .... .... . . .. .... .... . . . . 

g~::~~:~: ~e;v.~~~~~~~~~.~~~~ :::: :::: :::: :::: :::: :::: .~. :::: :::: .~. :::: :::: I:::: 
Edmondia aspenwallensis .. .. .... .... .... X.. .. .... XX .... .. .... .... .. :::: :::: ::.·.· 1.·.·.·.· 
Edmondia gibbosa ...... ... ... ... . [ .... ... . 1.... X . . ..... . 

Edmondia Sp ...... ........ .. ............. ' .... 1 ... . X ······X··,·.·.·.· ........ . 
Nucula , .. nodontoides ? .. ... .. . 1.... .... .... . ... X 

Nucula rectangula ... ...... ...... ' .... X... . . .......... . 

X .... .. .. .......... . . 

X .... .. ...... ... . ... . 

Nuculopsis ventricosa ........... 11···· ...... . . 
Nuculopsi~ ? .sp . ......... .... ....... / .... ····1···· 
Leda bellIstl'lata .... ....... ..... .. X X X 

X ....... . .... .. ..... . X X X .... 

. x ........... . 
X 

X 

~:~: ~:~~~~.i~~~ .. ~.~t~~~~~~ .. :: ::::1 ~ I ·~ · 
Yoldia glabra ............ ................ .... 1.· · . .... X 

Pal'allelodon obsoletus ... ..... . ...... . ... . 

~ .~. :::: ~ ::::1 ::::1: ::: :::: :::: 

.~. :::: ::::I '~ ' :::: 1::::1 :::: :::: :::: 
x ........ 1 ... . .......... ~ ........ . 

.... X .. .. x .... .. .. I ............ I Parallelodon sangamonensis .... 1····1···· 
Parallelodon Sp. ................. ... X 

Leptodesma spergenense 1'0-

............ x ...... .. , ............ X 

bustum ..................... ... .... ..? .... .... .... . ............... ....... . 

~:i~:IO::;:C~t~U·~~:~~·~~·~· ·::::::1 \::::1::::1::::1 1 ::::1 ::::1 \ '~'\":: " I ::::1 ; '0 .~ . . ~. :::: .~ . X 

~:nno:a~.~iu·~;··~bi;~~~~· ··:::.·::II:::··1 : I:::" 1
1 
.... ::1::::11.01.0/:::: '0 :::: :::: :::: :::: :::: I···· 

Conocardium Sp ......... .......... "'1 X X ""1 ""1 X.... .... X ........ ····1···· ....... . 
Pteria sulcata ........... ........... .... .... .... .. .. ... . X.... .... .. . . . ... ... . .... . .. .... . . . . 

~;:~~:i~:~t:i:::i:;: : ::::: : :::: :::: :~: ":: .. .. .... :~: :':: :::: :~ : :::: ::i: :~ : .:.: ... :11.:.:.:.:,1 :::: 

Myalina recurvirostris .. ...... . ... .... 1···· ....? X ? .... X X 

Myalina subquadrata ....... ... \ ........ 1 ? X X .... X .. .. X X 

Myalina swallovi .. ............. ....... 1 .... 1 .. .. " "1 X X ... . .....•• . ••••... • ............ 

Myalina Sp ....... : .... .... ... .... .... I ................ X .... .... . ... X .... X X ....... . 

Anthraconeilo taffiana .. ...... 11 .... 1 .... 1.... " "1 X X ····1 ···· X.... ? ........... . 
Schizodus affinis .................. 1··.·1···· .... .... ? .... .... ... . .. .. ................... . 
Sch~zodus alpinus ................ 1 . . .. 1 .... 1···· .... .... ? .... .... X ...... . ........... . . 

SChlZodus depressus .. ....... ... 11 .. .. 1 X.... .. .. . ... .. .. .... .... . ...................... . 

Schizodus wheeleri ...................... 1.... .. .. .... X.... .... D ........ X ....... . 

Schizodus Sp ......................... I ................ X.... .... .... X .. .. ... . .... .... .... X 

Aviculopecten occidentalis .. 11 .... 1 .. -1 ... 11.·· .1··· .11 ? 1 D .... I·· .. .... D ........ X D 
Aviculopecten n. sp .... ......... 1 .... x .... ··· ·1 ···· 1····1···· ........ ........ ........... . 
Aviculopecten sp ....... ... ....... 1 .... .... .... X D X D.... X .... X x ... . .... D 

D 

Acanthopecten carboniferus ? .... .... .... . ...................... . 
Acanthopecten n. sp. ...... ... ... X .... .... .... • . ...... .. .. .......... .. 

Deltopecten texanus ............ .. ...... ... ' .... .... .... X ...... ............ .. 

Deltopecten vanvleeti .......... .... .... .... .... .... .... .. ...... x .......... .. 
Deltopecten sp. .......... .... ...... .... .... .... .... .... .... x ........ ........... . 

D indicates species reported by Drake. ' 
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Lima reti.fera .. .......... ..... ..... .. .... .... .. .. . .. ' ...... . . 
Modiolus n. sp....... ... ..... .... .... . .. . x .. . . 
Allorisma subcuneatum ... ... .... .... .... .... ? 
Allorisma tern'linale ..... ....... . ... .... " " 
Allorisma sp· .... ... .. .. ... ... .... ... . 

AstartelJa concentrica ········1 
Astartella varica .......... ..... . 
Caneye1l2. n. sp .......... ...... .... . 
Pleurophorus sp ... .. ... .... .... .. . 

Gastropoda 

x .... 
"" X 

D ? .... .... D D x .. .. x 

x 
x x .... ·x x ....... . 

.. .. x .... ? ..... .. . ... ' .... ... . 
. ... .... ····1 · .. · ...... .. 

D .... .... .... .... ····1 .... .... ... . 

Bellerophon crassus ........... . 
Bellerophon crassus wewo-

kanus ...... ................ ...... ..... . 

:::: .~ . ::::) 
.... .... ····1 

""1 "" ""1\"" D x 
x D ........ .... X 

X .... .... .... .... . . " .... \ x x .... x ) x 

I ::: :I.~ .. ~. :::: '~"I '~' :::: :::: ~ :::: .~ .. ~. :::: :::: 
Euphemus carbonarius ..... .. . .... j x ... . x x D ... . x .... x ..... ... .... . 
Euphemus nodocarinatus .... 1"" 1"" ... . II . ... \ . . .. \ D D .... D ... ..... .... .. . ' ... . 

Bellerophon sp ..... ........... .... . 
Patellostium montfortianul11 

Bucanopsis meekiana ..... ... .. 1 .... ... x ... . , x x ... ' ... . . ...... ..... ........... ' 

~~:~~k~:oO~~~.~: ;p~:::~~:::S \ \ ::::\: ::: I\ :: :: 11 \: : :: I\.~.\ \ ~ \ ~ ::::1\ ~I ·.·.·.: .~.\ .~ . :::: ... . 
Pleurotomaria subscalaris ·· li···· I···· ····i\ ···· ···· jl···· ... ' .... ? ... ..... \ ........ .. ' 
Pleuroto:naria sp . ..... ......... .. \ '\"" i ? ····11 ? \ DI .. .. \ ... ····1 D ... . ····1···· .... ... . 
Worthema tabulata ...... ........ 1 ............ 11 . .. . ·· ··1 I x x .... x D x x I···· ... . 
:h~~~l:;;~e l~l:P~r~~iii~~~~· ·:: 1 : ::: . ~. :: :: I :: :: ) ' ~' I I'~ ' .~. :::: .~. :::: .~. :::: :::: :::: 
Phanelotr ema n. sp ............. I.··· .... x .... ····1 .... ............ ................... . 
Oreste~ br~zoensis ................ \.. .. .... .... . ... ·. ·· \1 x D ... . x ... ..... ......... .. '. 
Murchisollla t erebratula .... .. " " .... .. .. ... . .. .. .. .. ... . ... . . ....... ............... . 
M urchisonia trinodolineata ··1···· ..... ... \ .. .. .... .... . ...................... . 
Murchisonia sp ........ .... .. ...... . 1 ····1 x ····1 x x x x ........ x .... ... . 
Goniospira lasallensi~ ........ .. \ .... ....... . , .. .. x x ............ " " ....... . 

Orthone~a carbOnal?a .. ...... 11 .. ... ... "" x ........ '.'.'.'. '. '.'. '. 1' .. '." ......... '.'.'.'. 
Bembexla nodomargmata .... I.·· ..... x I .... "" ... . 
Trepospira depressa """ """11"" .... ·· ··1 .... x x x .. .. x · .. " .... ........ .. . . 
Euomphalus n. sp. A .... ........ . ..... ... " "1 x ............ ..... ........... ... . 
Euomphalus n. sp. B .. .. :.. ...... . .. . .... x .... .... .. .. .... .... .." ........ ........ ... . 
Euomphalus sp ....... ... ... ........ 11 ..... '" ····1 .... .... .... x ... . '.... .. .. .... x .... ... . 
Schizostoma catilloides ........ \1 .... 1 x ! ····11 x x I, D x .... x D x x ...... .. 
Schizostlllna subquadrata .... [.... .... .... . ..... ··1 x.... ... . . ........... ......... .. . 

Turbo sp. ..... ................ ...... ... .. .. .... .... . ... ........ .. .. .... .... ..... ... ... . 
Strophostylus sp. ..... ...... ... .. .. .... .... .... x.... .... .... .. " .......... .. ....... . 

x 

D 

x 
? 
x 

? 

D 
D 
x 

x 
x 

Turbo n. sp. .. .......... .............. " " .... x ''''1'''' .... . ....... ........ .... ... . 

Naticopsis altonensis gigan-
teus ....... ........ ....... .............. 1 . .. . . __ ..... x ........................ I .... 

Naticopsis wheeleri · ....... ... .. .. 
Naticopsis sp . ...... ......... ....... .. 
Loxonema ? sp . .... .. ..... .... .... . 
Zygopleura rugosa ............ .. 
Zygopleura nodosa .. .... ....... .. . .... ... -'1- ... 

D indicates species r eported by Drake. 

. ... D 

.~ . I ~ 
::: : \.~ . 

.. .. x ... . :::: :::: :::: .~ . :::: :::: I'~' 
·· .. 1·· .. . '" .... ····1 .. ·· 1· .. · x .......... .. ........... . 
x ............. .......... ' 
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1/1 Bend IIStrawnl \ Canyon /1 Cisco II 
1----11--1 -I II-

I :!!! ' i t II ~ 0 ~ ~ 

mem 1 i l d L ~ 1 1 ] '1 ~ ~ JI' J 
. p:;:;;JJ:;;:;; 6~8 ",...~p..:;; ... ... 

- - ZygopleUl:a mul~icostata ""I I .... I .... ! .. .. I 1"" 1' ~ t .. .. ........ . ....... I· .. · ........ I .. .. 
ZygopleUla plebla .. .... · .. .. · .. .. 1 .... 1 ...... .. !/.... . .. .. .... ........ ............ ...... .. 
Zygopleura II. sp ........ .. .... .. ... .... ........... / .... 11.. .. x ............................... . 

Zygopleul'a sp ..................... .. 1 1 .. .. 1 ............ X ...... ...... . ~ . I ::: : :::: :::: :::: :: :: 
Hemizyga sp ... ............ ... .. .... .. 11 .... 1 ...... .. I .... x .... ...... .. 

Bul~mOl:pha ill~:nata .. ..... .... . ( ... ·1 ........ .... I X ...... .. .. .. ~ I :::: :::: :::: :::: . ~ 
BuhmOIpha mtldula .............. .. 1 .. ...... .. .. I ........ .... .. .. 
B~~;:O~.~~~ ... :~: .. ~~ ..... ~: ... ~~~:~ 11"1... .. .. X I ............ I .... ........ .. .. .. .. 
Bulull0rpha . sp . .. ...... ........ , .... / .... 1.... .... .... ... .... .... .... .... .... X 

Meekosp~ra bella .. ...... .......... .. .. !.... .... .... ........ ? .. , ..... .... .. .... .. 
Meekosplra peracuta .. .......... .... x X .... .... .... .. .. .... .............. .. 

M~:~~:i~il:a .. ~~~·.~.~~~~ .. ~~~~.~~~ .... ! ........ .. .. x X .... x ........ I .. .. .... .. .. 
Meekospil'a sp... .. .. ........ .. .. . .. .. 1 .. · .... x . :.. .. .. ..... .. .. .. ........ I ........ .. .. 
Sphaerodoma brevis .. ........ .. 1

' 

.... . .. ......... x .... x .. x ........ [ .. ........ .. 
Sphaerodoma ,l5racilis .. : ...... . 1 .. . 

1
...... .. .... x .... ........ .. .................... .. 

Sphaerodoma mtercalans .. .. I .... I .... .... .... ''' '1 x... . .... x ........ ? ... . .. .. 
Sphaerodoma medialis .. ... .. 11 .... 1 .... 1 . .. II .... .... D D ........................ .. .. 
Sphaerodoma pa~u~in if?l'm i sll .--)- ... 1 .. .. I .. .. x / /.. .. ...... .. x ................ .. .. 
Sphaerodoma pnnugema .. .. /1 .... 1 .... , ... 1 .. .. 

1 
x .... D .. .. x .... ............ ... . 

Sphaerodoma texana ... ..... . .. . ... \ ... 1 .... 1 , .... I.... D D .. .. D .... ........ .... .. .. 
Sphaerodoma ventricosa .... .. I' ........ 1 .. .. 1 .... I .. .. " .... .... .... I x ........ .... . ... . .. .. 
Sphael'odoma sp ... ...... .......... / .... x I x I x ii .... x x .... x ........ .......... .. 
HolopelllJ. stevensana .... ........ . 1· .. · ........ I ... ,.... ? .. .. .. .. I 
~:~~~;~~~!. ~h·~~i~;i .. : :::: ::: II :::: I .~. I :: : : 1 : : : :I ::: : II ·~t: : : ::::1 :.x:.':.·.: ::'::.:.':: ,',:::".::· . I'.' ·.:~'.:::'::·::' .": .:.' .::::' ::' x 
Platyceras pal'vum ........ ... .. . 1 .... I x .. .. .... D .. .. 
Porcellia sp ..................... .... 1 .... !........ x .... .... . ... .. .. 

x 

x 

x 

Ianthinopsis gouldiana ........ 1 .... 1.... .... .... .... .. .. ? ................... . 
Dentalium semicostatum .. .. .. .. .... I.... .... . ... .. .. x ........ .......... .. 
Dentalium sublaeve .. .... ..... . .. ...... I.... .... .... .... x ........ ........ .. .. 
Plagioglypta meekiana ... ..... ! 1 .... 1 .... 1 ... ..... x .. .. /........ x .... ? .. .. ...... .. 

Ceph~~o::l::ilJ. crustula .. ........ .. .. \ \ .... \ .... \ .... \ \ x \ x II D D .... x D ...... .. .... .. .. 

;g~;;~i;,;En::~~~E' \\ ~ \ ~\~\' h . ~ .. ~ .•... ~I.~ •. ~ .•...•..• 
Protocycloceras ? l'ushense ?I I .... I .... I .... / .. .. / x x D .. .. x ........ ........ .. .. 
Nautilus sp . .... .................... .. .. .. x .... ........ D D .... D .. ...... ... . .. .... .. 

Colocel'as lil'atum ''' ''''''''' '' ''1 I''''!'''' .. .. I ........ I .... ........ x .................. .. 
Metacocel'as cornutUI11 .... .. .. .. .. I........ ........ ............ x ................ .. .. 

M:!~~~~~~:~.~ . ~~.~'~.~.~~~~.~~~'.i.~.~ ::'.'.'1'.'.'.' ......... '.'.'.'. 'x· .. 1 x ........ .. .......... .. ........ .. 
Metacoceras perelegans .. .... .. .... .... .... .. .. ........ .. .. .. .. ... . 

M~~:~~C~l:~.~ .. ~.~.~'~~.~~~~~ .. ~:~.~.~ .... \.... .... . ....... \ .... .. .. .... x 

, .. .. 

........ I ........ , .. .. 1 .. .. 

I· .. · 

I
· .. · 
- - -. 

x 

D 
x 

D indicates species reported by Drake. 
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II Bend Iistrawn II Canyon II Cisco II 
11---. --I II II-
I '" I ~ 1 I 

~ ~ ~ ~ 
r:.] ... l:! ~ 

~ '" " Po d 'l" tl § P r. "I § c :e!S ~ ~ ~ '0 .g ~ .... ~ :E § 2 Os 

~ ~ 's ' ~ ~ ~ £ ~ ~ ~ ~ ~ ~ '" 8 

Metacoceras sC\llptil.e " "' ~""I I "" ' ·" I·~·I .. ·-1-... '1 .... ""1"'" x ................. ~. Il. . Metacoceras walcott! ...... .... .. .. .. x .... . ... ,.... . .. .. ........ . .. . ................... . 
Metacoceras sp ................. .... 1 .. .. ............ I x I.... .... .... x.................... x 
Tainoceras occidentale .. · .. · .. 1 .. .. ' .... .... .. .. I .... , ............ x .... .... .... ....... . 
Cyrtoceras peculiare ............ 1 .. .. 

1 

............ i· ....... I.... .... x ....... . .. .. ...... .. 
Cyrtocel'as sp .............. , ........ I .... , x .... 1 .... 1 ........ , ............ , ........ .... ..... .. . 

Gon~oloboceras goniol?bum .. . 1' .... 1 .... 1 .... Ii .... I.. .. · .. ·1 ........ I x .... 1· .. ,1 .... ...... .. 
Gomoloboceras wellen ........ I .... I .... 1 .... 1 i .. .. I x 1 x .... 1 .. .. 11 x ...... ............ .. 
Goniatites sp ..... .. · .. · .......... .... 11 .. .. 1 .. ·+ .. [ i .... i .. .. 11 DI D .... I' D .... I ........ ........ ! .. .. 

Pronorites n. sp ......... .. ... ..... 11 .. .. 1 .. .. \ .... "1 .... \' .... 11 x I ........ \ ........ \ .... ... : ........ I .. .. 
Pronorite~ sp: .......... : ........... 1 .... .. .. ..... .. ...... . ...... .. .... x... . ................ .. .. 

Schu~.hert~tes grahaml ...... .... 1 .......... .. II .... .. .. / .... 1 .. .. .. .. II x ... . .... .. ............ .. 
GastnocClas angulatum ...... I I ............ I .... ,... ........ .. .. x .............. .. ... . 
Gastl'ioce):as compressum .... I· .... I x x,........ ............ .. .......... .... .. .. 
Gastrioceras globulosum ...... ...... .. .... .. ...... I .... .... .... x .... ........ ...... .. 
Gastrioceras hyattanum ...... \ ........ 1 .... 1

1 

.. .. I.... x .. .......... ................ ... . 
Gastrioceras kingi ..... ....... .. .. .. .. ? .... .. .. I.... ........ .... .. ...... .... .......... .. 
Gastrioceras listeri .... .......... 1 .. ...... .. .. I .. .. '.. .. ............ x ....... . .... .. ,' .. .. 
Gastrioceras sub cavum ....... ,1 .. .. ........ ..... 1 .... , .. ...... ' ... x .. .. .. .. .... ...... .. 

;::!~~~:e:~~a:~; ... ~~: .. :: ::::: : ::: : II::: : '·~ 'I ~ 11::::1::::1/1::::1:::: :::: ,~ . I ::: : :::: :::: :::: :::: :::: 
Par~legOc:ras ~p .... ... : .. ........ .. \' I .. .. !· .. · x ( .. .. 1 .. ·-(,- · .. 1 .. .. ........ ' ... ........ \ ........ I .. .. 
Sch~stoceI.as hlldle,thl .. ........ , .. .. 1 .... 1 .... 11 .... 1· .. ·11 · .. '1 · .. ' .... x ....... . .............. .. 
SChlstocelas hyattJ .. ... ...... ... , .. .. 1·· .. 1 .. .. , ... . .. .. ..... ........ x .... .. ...... ...... .. 

Dil11orphoceras texanum ... . 1 .... 1 .. · .. ' .... ·\1 .... \ x 1 .... 1........ Xx ....•. ' •.• .. ' ... .. .... .. ..... ·,· 1.· ..... · 
Agathiceras ciscoense .......... 1 .. .. I .... i"" 1 .. .. 1 .. .. ' .. .. 1 .... 1 .... 

.--J"-----. 

Popanoceras parked ... : .. ... ... 11 ... . 1 .... ' .... " .... 1 .... 1· x .. .. 1 .... 1· .. ·1 .... 1 .... 1· .. ·11 .... 
. '----__ r---..-J 

Stacheoc~ras i!"anti ': .. .......... 1 .. .. .... I , ....... I .. .. , .. ........ .. x .... .. .... .. . ", .. .. 
Shumardltes sll110ndsl ................ : ..... ... ... .. 1. 1 .... .... .... x ... ............... .. 
Glyphioceras incisum .. .. .. .. .. x x. ... .. .. ' '''. .... ........ .. .... ................ .. 
Glyphioccras cUl11minsi ........ x x.... .. ...... .... .. .. .... .. .. .................. .. 
Glyphioceras n. sp . ............ .. 1 .... x 1 .... 1 .. ...... 1 .... 1 ........ , ......... .. .. ........ .. 

Glyphioceras sp. . ................. 1 .... ' .... 1.... . ... .. .. I.. .. ........ x .............. ...... I .. .. 

T 'iI.;;;::~::: :~7::".n'i' \ I), \ 1/\ I , .... . ........... ............ I 

SPECIES 

Phillipsia sangamonensis .... .... ... . .... .. .. .. ...... ........ .. .. x .. .... .. 
Phillipsia ? sp . ............. ..... .. .. ............ x x.... D D .... D .... .. .. 
Griffithides scitulus .... ... ....... x .... 'I? ? x. .. .............? .. ...... .. .. 
Griffithides scitulus major.. .. .... x .... I ... .... ............ .. ...... .. .. .......... .. 
Griffithides sp ............... .. .... .. 1 .... , x .... I·.. x.... .. ...... x .... .......... .... .. 

Pisces . II I I I 
~~~~~:: l:ins~l: .. :::::::::::: :: :::::: ::11 :::: I.~ . I·~· I:::: :::: I:::: :::: :::: 
Petalodus destructor ........... , 1 .... 1 .... 1 ... . ' 1 .... 1, .. ·11 D D .. .. 

D indicates species reported by Drake. 
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FOSSIL LOCALITIES 

44.1. Small outliel' one mile southeast of Avis, northern Jack County, eight miles 
north of Jacksboro. Wayland shale member, Graham formation. J. G. 
Burtt, F. B. Plummer, R. C. Moore, Coll. 

53.1. Limestone just west of Gl'aford-J acksboro road six miles south of Jacksboro on 
point due west of Stradley schoolhouse and about one-quarter mile west of 
turn in road. Lower ledge of Jacksboro limestone member, Graham for­
mation. J. G. Burtt, Coll. 

53.2. One-half mile south of Indian Springs schoolhouse, east of pasture road which 
runs north from the east-west road on the north side of Section 2745, 
T. E. & L. Survey, Jack County_ Shale just below Ranger limestone mem­
ber, Brad formation . J. G. Burtt, Coll. 

53.3. North of east-west road on north side of Section 2749, T . E. & L. Survey, 
Jack County, east of first turn in pasture road below the Ranger lime­
stone, southeast of two houses. Shale just below Ranger limestone member, 
Brad formation. J. G. Burtt, Coll. 

53.4. Five miles south of Jacksboro, south side of hill on east side of J acksboro­
Graford road, one-half mile southeast of Oliver f arm house and one and a 
quarter miles north of Stradley schoolhouse. Lower ledge of Jacksboro 
limestone member, Graham formation. J . G. Burtt, Call. 

53.5. One and a quarter miles east and a little south of Stewarton on the Rock Island 
Railroad east of J acksboro, one-half mile south of the Jacksboro-Vineyard 
road. Ranger limestone member. Brad ·formation . J. G. Burtt, ColI. 

53.6. Nine miles east of Jacksboro, on outlier one-quarter mile southwest of school­
house on Jacksboro-Wizal'd Wells road. Shale below Ranger limestone, 
Brad formation. J . G. Burtt, Call. 

53.7. Three and one-half miles northeast of Jacksboro, one mile southeast of road 
corner where Jacksboro-Bowie road turns northeast in the J. W. Buckner 
Suney, on end of point east and just above cattle pond. Shale in middle 

.part of Jacksboro limestone member, Graham formation. J. G. Burt t, ColI. 
\/ 53.8. Cut along Rock Island Railroad about thl'ee miles southeast of Jacksboro. Very 

fossiliferous shale in middle pm·t of Jacksboro limestone member, Graham 
formation . F. B. Plummer, R. C. Moore, Co!l. 

' 53.9. Five miles south of Jacksboro on Jacksboro-Graford road where it jogs one­
eighth mile to the west. Limestone made up of Carnpophyllum torqu.ium 
and SY1'ingpont sp. Lower ledge of Jacksboro limestone member, Gl'a­

ham formation. J . G. Burtt, ColI. 
54.1. Three miles west of Finis on the Graford-Graham road where the road enters 

a deep shale cut. Bungel' limestone member, Graham formation. F. B. 
Plummer, ColI. 

54.2. P rominent mound one mile southwest of Bel'wick, one-half mile south of wagon 
road leading west from Berwick. Shale and limestone in South Bend 
member, Graham formation. J. G. Burtt, F. B. Plummer, R. C. Moore, 
Coll. 

, 54.3. Two miles east of Bryson on Jacksboro-Graham road, southwest part of Lewis 
Knight Survey. Very abundant Chonetes ve1'Jwuilctn1ls. South Bend shale 
member, Graham formation. F . B. Plummer, Call. 

55.1. Road corner one-half mile east of Newcastle and south of Coal Mine No. 5, 
Belknap Coal Company, limestone outcrop on south side of road. The lime­
stone is 110 feet above the coal. Belknap limestone member, Harpersville 
form ation. J. G. Burtt, F. B .Plummer, R. C. Moore, ColI. 

55.2. Four miles east and one and a half miles 'north of Newcastle, south side of hill 
on east side of country road which branches from Newcastle-Graham road 
four miles east of Newcastle. Section 615, T. E. & L. Survey. Belknap 
limestone member, Harpersville formation. J. G. Burtt, F. B. Plummer, 
R. C. Moore, ColI. 
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55.3. Six miles east and two miles north of Newcastle, a quarter mile east and a 
quarter mile south of road corner. A large outlier in Section 603, T. E. 
& L. Survey. Belknap limestone member, Harpersville formation. J. G. 
BUlott, F. B. Plummer, R. C. Mool'e, ColI. 

55.4. Four miles east and two and a half miles north of Newcastle in northeast 
corner of Section 616, T. E. & L. Survey, where secondary road running 
north turns westward across escarpment of Belknap Timestone. Belknap 
limestone member, Harpersville formation. J. G. Burtt, ColI. 

55.5. Five miles northeast of Newcastle, one-half mile south of east-west road and 
on east side of Salt Creek, southeast corner of Section 613, T. E. & L. 
Survey. Belknap limestone member, Harpersville formation. J. G. Burtt, 
Coil. 

55.6. Seven miles east and foul' miles north of Newcastle, on west side of main north­
south road, in Section 622, T. E. & L . Survey. Belknap limestone member, 
Harpersville formation. J. G. Burtt, ColI. 

55.7. Four miles southeast of Newcastle on prominent sandstone-capped outlier a. 
quarter mile north of road corners on Graham-Cisco road, in Section 438, 
T. E. & L . Survey. Belknap limestone member, Harpersville formation. 
F. B. PlUmmer, R. C. Moore, ColI. 

55.8. Five miles southwest of Graham, three-quarters mile west of Graham-South 
Bend road, one and a half miles due north of the Brazos River bridge. 
Wayland shale member, Graham formation. J. G. Burtt, CoIl. 

55.9. One mile west of Graham courthouse, on west bank of Salt Creek, one-eighth 
mile north of road. Cummins' type locality. Wayland shale member, 
Graham formation. F. B. Plummer, R. C. Moore, ColI. 

55.1 0. Fork of road one and a half miles southwest of Graham, where Graham-South 
Bend· road branches from Graham-Throckmorton road. Wayland shale 
member, Graham formation. F. B. Plummer, R. c. Moore, ColI. 

55.11. One-half mile east and south of town of Loving, on Gulf, Texas and Western 
Railroad. Limestone outcrops nea r coal mine, 100 feet above coal. Belknap 
limestone member, Harpersville formation. J. G. Burtt, ColI. 

55.12. Point on wagon road east of east line, southeast part of Brazos Indian Reser­
vation, along the Brazos River on survey marked "John Conner, Delaware 
chief." Shale above Home Creek limestone, basal part Finis shale mem­
ber, Graham formation. J. G. Burtt, CoIl. 

e 55.13. One mile southeast of bridge over the Brazos River on Graham-South Bend 
road, on prominent outlier known as Bass Hill, east of Brazos River. Way­
land shale member, Graham formation. F. B. Plummer, R. C. Moore, ColI. 

, 55.14. One mile west of Graham on bluff south of Graham-South Bend and Graham­
Throckmorton road, west of Salt Creek, on side of bluff facing east toward 
Graham. Wayland shale member, Graham form ation . F. B. Plummer, 
R. C. Moore, CoIl. 

64.1. Five miles north and four miles west of Breckenridge, about one hundred yards 
northwest of the Crudgington well No.1, of Humble Oil and Refining 
Company. MY(Llina bed fifty feet above Belknap limestone member, Har-
persville formation. J. Armstrong, CoIl. . 

65.1. Six miles north of Breckenridge, one-half mile west of road on small outlier 
in east part of Section 1219, T. E. & L. Survey, about one-half mile south 
of Ball well No. 1. Shale below Belknap limestone member, Harpersville 
formation. J . Armstrong, ColI. 

65.2. Two miles north ' of Breckenridge courthouse on east side of escarpment one 
mile west of Breckenridge-Crystal Falls road, just above coal bed in north­
east. corner of Secti on 7. Shale below Belknap limestone member, Harpers~ 
ville formation. J. Armstrong, ColI. 

v 65.3. One and a quarter miles northwest of Breckenridge on east point of hill one­
eighth mile south of country road which turns wegt one-half mile north of 
Breckenridge. Sha le below Belknap limestone member, Harpersville for­
mation. J. Armstrong, ColI. 
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65.4. Three miles west and two miles north of Breckenridge, on west side of hill due 
south of schoolhouse, on J. M. Evans Survey. Shale below Belknap lime­
stone member, Harpersville formation. J. Armstrong, Coil. 

66.1. One and a half miles south of South Bend, about 1800 feet due north of Goode 
well No.1, Roxana Petroleum Corporation. Wayland shale member, Gra­
ham f0:t:mation. F. B. Plummer, John Suman, ColI. 

66.2. One-quarter mile west of South Bend-Eliasville l'oad, along road cut and north 
of road about 300 yards east of Brazos River bridge. Wayland shale mem­
ber, Graham formation . F . B. Plummer, R. C. Moore, CoU. 

66.3. One mile southeast of Fox Hollow schoolhouse, three and a half miles south 
and two and a half miles east of northwest corner of Palo Pinto County, 
on Mrs. C. F . Crandill ranch. Top of Ranger limestone member, Brad 
formation. A. McLeod, ColI. 

67.1. South part of the town of Graford, Section 1713, T. E . & L. Survey, southwest 
corner. Lower part of Adams Branch limestone member, Graford f orma­
tion. J . G. Burtt, Col1. 

v 67.2. Three miles northwest of Graford where main road crosses high escarpment. 
Upper part of Adams Branch limestone, Graford formation. F. B. Plum­
mer, R. C. Moore, ColI. 

67 .3. Two miles north of the gate at Dalton ranch-house where the Graham r oad 
leaves the Graford-Pickwick road, on small outlier one-half mile south of 
west-f lowing creek, two and three-quarters miles southeast of Gordon 
Mountain . Shaly limestone in Brad formation about 160 feet above top 
of Graford form ation. J. G. Burtt, Coli. 

67.4. South side of Kyle Mountain , five miles north of Palo Pinto. Upper part of 
Brownwood shale member, Graford formation. J. G. Burtt, ColI. 

67.5. Small outlier on west side of Wolf Mountain, seven miles west of Palo Pinto. 
Brownwood shale member, Graford formation, 170 feet below top of Adams 
Branch limestone. J. G. Burtt, ColI. 

67.6. Foot of steep escarpment on north side of Brazos River, two miles northwest 
of Kyle Mountain, three miles west of Graford-Palo P into road bridge over 
t he Brazos. Brownwood shale member, Graford formation, about 250 feet 
below top of Adams Branch limestone. J. G. Burtt, R. C. Moore, Coll. 

67.7 . Along road two miles east of Pickwick, one mile north of McAdams Peak on 
Pickwick-Graford road. Ranger limestone member, Brad formation. J . G. 
Burtt, ColI. 

67.8. Two miles southeast of town of Pickwick on Brazos River, first limestone bench 
of McAdams Peak. Ranger limestone member, Brad formation. J. G. 
Burtt, CoIl. 

67.9. Two and a half miles west of Brazos River bridge on Palo Pinto-Graford road, 
north from bridge about one and three-quarters miles to first pasture gate, 
west and southwest on pasture l'oad to fork below high escarpment. Upper 
part Brownwood shale member, Graford formation . J. G. Burtt, Coll. 

67 .10. Escarpment just west of the town of Graford. Adams Branch limestone 
. member, Graford formation. Donally, ColI. 

68.1. Shale pit one-half mile east of Mineral Wells on north side of Mineral We1ls­
Fort Worth road, at base of slope of steep escarpment to the north. East 
Mountain shale member, Mineral Wells formation. F. B. Plummer, R. C. 
Moore, ColI. 

68.2. Extreme west end of Fourth Street, Mineral Wells, at base of steep slope. 
East Mountain shale member, Mineral Wells formation. F. B. Plummer, 
R. C. Moore, CoIl. 

68.3. North end of the "Cove," Mineral Wells, at base of steep escarpment east of 
t he town. East Mountain shale member, Mineral Wells form ation . F. B. 
Plummer, R. C. Moore, CoIl. 

68.4 . West side of dam of Lake Pinto, one mil e west of Mineral Wells. East Moun­
tain shale member, Mineral Wells formation. F. B. PlummE'l', ColI. 
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6S.5. South slope of prominent escarpment, north of Mineral Wells-Fort Worth road, 
about one and a half miles northeast of Mineral Wells. Upper part of 
East Mountain shale member, Mineral Wells formation. J. G. Burtt, 
R. C. Moore, CoIl. 

6S.6. South end of outlier capped with sandstone in southwest part of Mineral Wells, 
near base of steep slope and just above a small pond and dam. East 
Mountain shale member, Mineral Wells formation . J. G. Burtt, R. C. 
Moore, ColI. 

6S.7. Limestone just above talus slope on high point east of Brazos River bend 
where Keechi Creek joins the river. Keechi Creek member, Mineral Wells 
formation, about 40 feet below Palo Pinto limestone. J. G. Burtt, Coll. 

76.1. Limestone on south side of Brazos River, just west of bridge at Dennis, south­
west Parker County. Millsap formation. F. B. Plummer, R. C. Moore, 
ColI. 

76.2. One-half mile northeast of Rayville, Parker County, on small stream just south 
of Weatherford-Stephensville road. Millsap formation. R. C. Moore, ColI. 

76.3. Limestone exposed . on small southeast-flowing stream at Rayville, Parker 
County. Millsap formation. R. C. Moore, ColI. 

76.4 . Limestone at Kickapoo Falls, southwestern Parker County. Millsap formation. 
R. C. Moore, ColI. 

76.5. Limestone one-eighth mile below Kickapoo Falls. Millsap formation. R. C. 
Moore, ColI. 

7S.1. Small knoll just west of sharp turn in road four miles west of Palo Pinto, one 
mile north of point where Palo Pinto-Gordon road branches from Palo 
Pinto-Caddo road. Palo Pinto limestone. F . B. Plummer, ColI. 

7S.2. Metcalf's .Gap, two miles east of Brad, on Caddo road , escarpment on north 
side of road. Adams Branch limestone member, Graford formation. F. B. 
Plummer, ColI. 

-./ 79.1. One and a half miles west of Caddo on Caddo-Breckenridge road a quarter mile 
west of fork of Caddo-Graham road, on south side of prominent limestone­
capped hill. Bunger limestone and upper part Gonzales Creek members, 
Graham formation . F. B. Plummer, R. C. Moore, CoIl. 

79.2. Seven miles west of Strawn, Brownwood shale member, Graford formation, 90 
feet above Palo Pinto limestone. R. L. Six, ColI. 

79.3. Escarpment five miles west of Strawn. Adams Branch limestone member, 
Graford formation. R. L. Six, ColI. 

79.4. Four miles east and three and one-half miles south of LaCasa. Shale SO feet 
below Ranger limestone, Brad formation. R. L. Six, ColI. 

SO.1. One mile south of Gunsig·ht and one mile east of Gunsight-Eastland road. 
Campophylluml torquimn-bearing limestone in lower part of Thrifty for­

. mation. F. B. Plummer, R. C. Moore, CoIl. 
SO.2. One mile south of Gunsight, just south of fork between Gunsight-Cisco and 

Gunsight-Eastland roads, on south side of prominent escarpment. Exceed­
ingly fossilifel·ous Wayland shale member, Graham formation. F. B. Plum­
mer, R. C. Moore, ColI. 

80.3. Two miles due east of Gunsight on country road near house at fork where road 
turns southwest in Section 44S. Lower part of Thrifty formation. F. B. 
Plummer, ColI. 

SO.4. One and a half miles southeast of Necessity, one-half mile north of Necessity­
Wayland road, in southeast corner of Section 34. Wayland shale member, 
Graham formation. J. G. Burtt, ColI. 

, SO.5. One mile north of Wayland, just west of point where road turns east, south 
of the east-west roae!, northeast corner of Section 35. Wayland shale 
member, Graham formation. F. B. Plummer, R. C. Moore, CoIl. 

SO.6. Five miles south and two miles east of Necessity, Section 76, T & P. Survey, 
Block 6, southwest of farmhouse . Gonzales Creek shale member, Graham 
formation . S. W . Wells, ColI. 
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81.1. Seven miles east and two miles south of Moran on Moran-Cisco road, a quarter 
mile east of point where it turns east after two miles south. Shale below 
Saddle Cl'eek limestone, Harpersville formation. P . Applin, R. C. Moore, 
ColI. 

81.2. One-half mile east of corner wheJ.'e road proceeding east from Moran turns at 
right ang'les north and south, Section 41, T. & P . Survey, Block 9. Shale 
below Saddle Creek limestone, Ha rpersville formation. P. Applin, R. C. 
Moore, ColI. 

88.1. SL miles northwest of Cisco, a quarter mile west of Cisco-Moran road, on east 
point of escarpment in Section 488. Fifty-five feet below Saddle Creek 
limestone, Harpersville fOl'mation. J. G. Burtt, ColI. 

88.2. Six and one-half miles north of Cisco on east side of Cisco-Mor an road where 
road turns one mile west n ear an old coal mine in Section 483, Shale 
below Saddle Creek limestone, H a rper sville formation. F. B. Plummer, 
R. C. Moore, ColI. 

88.3. Three and one-half miles northwest of Cisco on the Cisco-Moran road where 
the r oad descends steeply over limestone escarpment, east side Section 
500. Shale below Saddle Creek limestone, Hal;persville f ormation. F. B. 
Plummer, R. C. Moore, ColI. 

' 88.4. Four and one-half miles northwest of Cisco on Cisco-Moran road where railroad 
first crosses road, Section 495. Shale below Saddle Creek limestone, Har­
persville formation. F. B. Plummer, R. C. Moore, Coil. 

\. 88. 5. Two miles south and one mile west of Cisco on the Cisco-Nimrod r oad where 
west road crosses steep escarpment, Section 85 . Shale below Saddle Creek 
limestone, Harpersville formation. R. C. Moore, Coil. 

88.6. Six and one-half miles north and one mile east of Putnam on the Putnam-Moran 
road, north of the road cornel' in the southeast part of Section 3197. Shale 
below Saddle Creek limestone, Harpersville formation. F. B. Plummer, 
Coil. 

88.7 . About five miles northwest of Cisco, 600 yards east of road near center of 
Section 483. Fifty f eet below Saddle Creek limestone, just above coal bed, 
Harpersville forma tion . F. B. Plummer, R. C. Moore, ColI. 

88.8-88.11. Pueblo formation near Pueblo and east of Putnam. 
89.1. F ive miles east of Cisco on Cisco-Eastland road, about 1000 feet north of corner 

where road, after turning one-quarter mile north, turns again due east. 
Wayland shale member, Graham fOl'm ation. Very fossiliferous. F. B. 
Plummer,!. J. Broman, R. C. Moore, CoIl. 

89.2 . Six miles northeast of Cisco, three and one-half miles east of the west Cisco­
Breckenridge road, and two miles west of the east Cisco-Breckenridge roa d, 
the easternmost outlier of concretionary limestone, in the northwest corner 
of Section 55. Wayland shale member, Graham form ation. C. A, Hammill, 
ColI. 

89.3. One-half mile north of locality 89.2. Shale 30 feet above Gunsight limestone. 
Wayland shale member, Graham formation. C. A. Hammill, ColI. 

89.4. One mile northwest of Cisco in valley north of college, near old coal mine. 
Shale about 60 feet below Saddle Creek limestone, Harper sville f ormation. 
F. B. Plummer, C. A. Hammill, R. C. Moore, ColI . . 

89.5. Seven miles due north of Cisco, three miles east of Cisco-Moran road, on east 
side of prominent hill , Section 474. Saddle Creek limestone, Harpersville 
formation. C. A . Hammill, ColI. 

89.6. Three and one-quarter miles north of Cisco on west Cisco-Breckenridge road 
where road descends escarpment just north of Section 82. Saddle Creek 
limestone, Harpersville formation. C. A. H ammill;. ColI. 

90.1. About five miles northwest of Gorman on J. l'II. Thompson farm, Survey 19, 
about 60 feet below top of Graford formation. Numerous elongated Fusu­
lina. C. R. Stauffer , · Coll. 
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103.1. About four miles southwest of Gorman, a quarter mile north of corner, one 
mile west of Rudd well No. 1. Brownwood shale member, Graford forma­
tion, about 200 feet below top of Adams Branch limestone. F. B. Plummer, 
ColI. 

105.1. At town of Bethel on Cisco-Rising Star road, Section 153, N. B. Mitchell Sur­
vey. An outcrop of P ennsylvanian in the midst of the Cretaceous area, 
lower part of Thrifty formation. F. B. Plummer, R. C. Moore, ColI. 

105.2. Northeast part of the town of Crosscut. Saddle Creek limestone, Harpersville 
formation. F. B. Plummer, ColI. 

106.1. Five miles west and one mile south of Cross Plains, one mile and a halI 
south of Dressy, Callahan County, on south side of east-west road, Section 
64. Coleman Junction limestone member, Putnam formation . F. B. Plum­
mer, ColI. 

106.2. One-half mile south of the Callahan-Coleman county line two and a half miles 
west of the Coleman-Baird road, middle of Section lOS. Bead Mountain 
limestone, Belle Plains form ation. F. B. Plummer, Coli. 

111.1. Foul' and one-half miles south and one mile west of Coleman on north side of 
two small outliers, on south side of G. C. & S. F. Railroad , east side of 
creek. Just below Coleman limestone member, Admiral formation. P. L. 
Applin, ColI. 

111.2. Three miles south and one mile west of Coleman, in northeast part of Section 
294, on southwest side of large outlier of Coleman limestone member, 
Admiral formation. J. G. Burtt, ColI. 

111.3. One mile west of Coleman, just south of pond in north part of Section 2S0. 
Elm Creek limestone member, Admiral formation. P . L. Applin, Coli. 

112.1. One-eighth mile nOl-theast of Weeden School, 10 miles northwest of Brown­
wood, four miles south and one mile west of New Byrd's Store, at foot of 
escarpment on north side of road. Wayland shale member, Graham for­
mation. G. Kirby, F . B. Plummer, R. C. Moore, ColI. 

112.2. About five miles west of Thrifty, near Bee Bran ch Schoolhouse west of Brown­
wood. Hill on south side of Thrifty road. Shale about 50 feet below 
Saddle Creek limestone, Harpersville formation. R. C. Moore, ColI. 

112.3. One mile north of Weeden School and three miles southwest of New Byrd's 
Store, just north of fork in road, near southwest corner of Section 50. 
Wayland shale member, Graham formation. R. C. Moore, ColI. 

/ 112.4. At cemetery one and a h a lf miles west of Grosvenor, in middle of Section 44. 
Shale below Saddle Creek limestone, Harpersville formatiori. C. A. Ham­
mill, R. C. Moore, Coli. 

112.5. One-quarter mile north of 112.4, on east side of road opposite farmhouse. 
Shale below Saddle Creek limestone, Harper sville form ation. C. A. Ham­
mill, R. C. Moore, ColI. 

' 112.6. Five miles southwest of Grosvenor and one and a half miles northeast of 
Bee Branch Schoolhouse, on west side of road in Section 88. Shale below 
Saddle Creek limestone, Harpersv ille formation. R. C. Moore, Coli. 

112.7. Three miles north and one and a quarter miles east of Thrifty, on southeast 
part of J. K. Kuykendall farm. Gunsight limestone member, Graham for­
mation. F. B. Plummer, R. C. Moore, Coli . 

112.S. Ten miles east and four miles 11 01·th of Coleman, 011 r oad one mile east of 
Camp Colorado. Camp Colorado limestone member, Pueblo form ation. F. B. 
Plummer, CoIl . . 

112.9. Four miles west and two miles north of Grosvenor, east of point in road where 
low escarpment of yellow limestone appears. Camp Colorado limestone 
member, Pueblo formation. C. A. Hammill, R. C. Moor e, ColI. 

112.10. Four miles west and ' three miles north of Grosvenor. Three-quartets mile 
north of 112.9. Camp Colorado limestone , Pueblo formation . C. A. Ham­
mill, R. C. Moore, ColI. 
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129.1. Two and one-half miles west of Brownwood on Brownwood-Bangs road, near 
point where creek crosses road below escarpment of Adams Branch lime­
stone. Brownwood shale member, Graford formation. G. Kirby, F. B. 
Plummer, C. A. Hammill, R. C. Moore, CoIl. 

129.2. One mile south of Brooksmith, at foot of escarpment, a quarter mile north of 
main road, along secondary road to Clear Creek. Brownwood shale mem­
ber, Graford formation. G. Kirby, F. B. Plummer, CoIl. 

136.1. South of Placid, McCulloch County, 200 feet below Adams Branch limestone. 
Upper part of Strawn. A. McLeod, CoIl. 

. 150.1. Limestone along l'oad and in creek bed four miles southwest of Lampasas, 
on road to Bend. Marble Falls limestone. R. C. Moore, ColI. 

150.2. On secondary road one mile south of Bend, San Saba County. Marble Falls 
limestone. R. C. Moore, ColI. 

v 151.1a. Limestone near bed Rough Creek at point where road from San Saba to 
Bend crosses the stream. About five miles northwest of Bend. Marble 
Falls limestone. R: C. Moore, ColI. Bed 2 in section. 

151.1b. Same locality. Bed 7 in section. R. C. Moore, ColI. 
151.1c. Same locality. Bed 10 in section. R. C. Moore, CoIl. 

, 151.2. Limestone on road from Bend to Chappel about one and a half miles east of 
Chappel, Marble Falls limestone. R. C. Moore, ColI. 

151.3. Point midway between Bend-San Saba road and Colorado River, about two 
miles northwest of sharp bend in the river southwest of Bend. Smithwick 
shale. R. C. Moore, ColI. 

151.4. On Bend-Chappel road a few hundred feet south of intersection with Bend­
San Saba road, about two miles southwest of Bend. Smithwick shale. R. C. 
Moore, ColI. 

151.5. Banks of Colorado River along sharp bend one and a half miles southwest 
of town of Bend. Uppel' part Marble Falls limestone. R. C. Moore, ColI. 

. 151.6. Bluff on upper Cherokee Creek 10 miles southwest of Bend, on Bend-Cherokee 
road. Basal bed of .Marble Falls limestone. F. B. Plummer, CoIl. 

151.8. Point where San Saba-Chappel road crosses escarpment of Ellenburger lime­
stone about two miles southeast of San Saba. Barnett shale. R. C. Moore, 
ColI. 

151.9. On San Saba-Bend road about one mile southeast of Bamett Springs. Barnett 
shale. F. B. Plummer, ColI. 

152.1. Wallace Creek, six miles southwest of San Saba. Bamett shale. R. C. 
Moore, CoIl. 

152.2. Limestone six miles south and one mile east of AIgerita, about seven miles 
southwest of San Saba. Marble Falls limestone. R. C. Moore, CoH. 
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Caddo fi eld, Smithwick shale in______ ___ _______ 56 
Callahan County ____________ __________________ _ 

18, 124, 168, 171, 177, 183, 184, 191, 192, 195 
sections in _______ _______________ 180, 185, 186, 200 

Clay County, Texas __________________ _______ 11, 162 
Clear Creek Hmestone ____ __ _____ __ _ 109, 111, 11 3, 115 

CI~:~·ti!o l~\;g -~~~~ ~~~~ ~~~ ~~ ~ ~ ~ ~ ~~ ~ ~ ~ ~~ ~ ~~~ ~ ~~'_ ~ ~~ 
Callaway Lone Star Co. No.·l weIL____________ 25 Climacal1vmhla ? ______ ___ ___ __ ________________ 35 
Calvin sandstone _________ _______ __ _ 86, 121, 206, 209 Clyde, Texas ____ ___________ ___________________ 197 
Camp · Colorado __________ ___________________ __ 171 Clyde formation __ ___________ ___ __ __ ___ 192, 197-198 
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Cl-yoth-yridina orb ic"lm'is __________ PI. XIII , 120, 1<19 
Coal beds ______ ____ 121 , 122, 12,1, 127 , 128, 152, 

153. 159, 160, 161, 162, 163, 164, 166, 168, 205 
p la nts, remnants of _________ ___ 11 8, 159, 162, 163 
seam No. 1 _,________ ________ ________ ________ 69 

No. 6 ____ __ _____ ________ _________ ____ ____ 160 
Coast line, old T exas ____ __ __________ ____ ___ ~ 205 
Coleman, Texas _____ __ ___ 190, 1n1, 192, 194, 195 , 200 

section ncar _____ __________ ____________ _ HJ3, 196 
Coleman clay _________ _______ ______ __________ _ 1n3 
Coleman County , Texas _____ _______ 11, 18, 124, 

125, 130, In, 177, 178, 183, 181, 1n1, 192, 198 
sections in ________ __ ____ __ ___ 181, 182, 1n3, 196 

Coleman formation ___ _____ __ _________ ___ _____ 13 
Coleman Junction, Texas _____ __ ______ __ ______ _ 183 

section near _____ __ ______ __ ______ _____ __ 187, 188 
Coleman Junction limestone __ __ __________ ____ _ 

_________________ _ 122, 178, 183 , 184 , 1nO, 1n2 
in sections ___________ __ ________ _____ 185, 188, 193 

Coleman River ___ ___ _______ __ ____ ________ ____ _ 183 
Collections, fossil , lis t of locali ties f .. om which 

made ____ ___ _________ ___________ _ 222 et. seC(. 
Colorado coal field _______ _______ ________ 160, 162, 177 

distribution of Drake's species in _____ ___ __ __ 221 
Colorado River __ _________ __ ________ 17, 67, 122, 195 

section _____ __ _______ ______ __________ _____ 155, 192 
ColOl'ado River Valley __ __ ____ ____ 84, 115, 117, 

118, 121, 126, 129, 130, 153, 176, 178 , 191, 205 
Admiral formation in ______ __________ _______ 192 
a nticlines of _____ ______ _____________ ________ _ 203 
Clyde fo rmation in ____ ____ _ ~ _______ ________ 197 
Graham forma tion in ___ 127, 128, 136, 138, 143, 152 
Moran formation in ____ __ ______________ _ 176, 177 
Pueblo formation in ___ __ __ ____ ________ __ 171, 172 
Putnam formation in ______ ______ _____ __ 18,1, 188 
Thrifty formation in ____ ___________ ____ _ 154, 159 

Comanche County __________ ____________ ______ 69 
Comanche Creek bed __ _______ ____ __ ___ ________ 61 
Com»osita wbtilita ? ______ __ P ls . vr, XIX, 83, 104 
Concretions in Burnett s hale ______ ___ __________ 2:" 

in Gunsight limest one _____ ______ ____________ 136 
in H a rpersville formation __ __ __ __________ 164, 16i> 

Conkling, R. A, __________ ______ __ ___ _________ 18 
COllocm'diu1ll, sp. __ ___________ ____ ____ ____ _____ 146 
Contact, Marble Falls-Smithwick ______________ 37 
Coon Mountain. section on __ _____ ______ ____ ____ 165 

sa,ndstone, of Drake __ ______ _______ _____ _ 165, 172 
Copperas Creek, Millsap formation 011_ _________ 70 
"Coral limestone" of Drakc __ _________ ________ __ 15 

lentil of ____ ___ ______ ___ ___ ________ _____ ____ 20 
Coral r eef near Zerlhyr __ ___ _________ _________ 98 
Correlation oC Texas Pennsylva nian ________ __ 206 

diagram of ____ ______ _______ ___ ________ __ 208. 212 
Cotton wood Creek bed __ _____ ______ __ __ _____ 62 , 65 
Cottonwood of Kansas __ ___ _________ __________ 188 
Coyle well , Lucky Six Company __ ____ ________ 25, 63 
Cmnia 1ltodesta __ __ ______ _____ ____ ______ ___ Pl. XXI 
Cretaceous, in 'l'mms _______ __________ ______ 11. 165 

overlap ______ ____ 129, 130, 135, 143, 154 , 171, 172 
sand __ 129, 130, 135, 153, 15'1, 160, 176, 183, 18,1 , 197 

Crinoid fragm ents, in Harpersvi lle formation, 160, 1(,6 
C1'om.yocTin1.lS n. ~D. _____ ____ _ _________ ______ Pl. VI 
Crosscut, Texas _________ _____ _ ' ___ _________ 160, 171 

collections from near ___ ______ __ __ _______ __ 166 
Cross No. 1 welL __ ______ ____ ___ ______________ 25 
Cross Plains, Texas __ __ __ 17·1, 176, 177 , 183, 198, 200 

section near _________ ____ __ __________ _______ 181 
Cross Plains-Cl'osscut l'oad, sectio n on ________ __ 17 11 
Crystal Falls, Texas ___ ___________ 153, 160, 161, 162 

section near __ __ " ___ ____ ___ ____ ___ ______ _ 156, 163 
Cr ystal Falls limestone IcntiL __________ ____ 161 , 162 

in sections ____ ___ ____ __ ___ _________ _____ 163. 1611 
Cummins, W. F, ____ __ ___________ ___ __ 12, 13, 

20, 22, 69, 87, 88, 122, 125 , 132, 142 , 190, 191 
Cummins No, 1 weI L_ _____ __ _____ _______ __ ____ 25 
C-ystodict-ya n. sp . ______ __ ___ , ______ P l. XXIII , 166 

Dakin, Texas ___ ______ ______ ______________ 130, 132 
Dam, section a t , on Salt Crcek _____________ _____ 132 
Daniel, J., survey _______ ___ _______________ __ __ 119 
Davis No. 1 well, Bend in____ _______ ________ __ 57 

Strawn in _____ ___ ________ ________ ________ __ 63 

Des~~ti~~·eei~ ~~~l~~ __ ======= === ================= m DeLeon, Texas __ __ __ _____ ___________ ___ _______ 61 
DeLeon Ri ver _____ ___ _______ _________ ________ _ 61 
Deloeri"" s he'misl)herjcl(,s L _______ P ls : XIII, XXIII 

sp. ________________ ___ __ ___ ________ ___ Pl. XXIII 
Delto»ecten t exan,," ___ ______ ________ _________ 146 

Dennis, T exas _______ _______ __ ____ ___ _____ ___ 69, 72 
D""blla bennetti __ _______ ____ __ __________ __ 129, 146 

cym/mla ________ ______ ______________ Pl. XXV, 149 
Desdemona. Texas ______ ___ _________________ 61 . 200 
Desdemona oil field, Marble Fall s for mation in__ 40 

Strawn formation in ______ ____________ _____ 66 
Des Moines beds , Kansas _______ _______ ___ _ 149, 210 
Dickens County ___________ ___ ___________ _____ 204 
Dicla. .. o.:ma bovidcns __ __________ ____ _______ ______ 146 
Dimo,"phoccms tc,:an",,, ________ __ P l. XXV, 84 , 150 
Division line. Pcnnsylvanian-Permian __ ___ _____ 190 
Dom e , in B end formation _____ _______ _________ 200 

in Straw n formation ______ ________ _________ 204 
Dothan, Texas ________ _____ ___ ___ 176, 177, 178, 200 

section nea r __ _ . __________ ____ _____ ___ _______ 180 
Dothan limestone ______ ___ ____ ______ __ _____ 177, 178 

in section __ __ __________ ______ _________ _____ 180 
Douglas formation ___ __ _______ __ ______ 121, 168, 211 
Drake, N. F . _______ _____ ___ ________ 12, 14, 20, 

61, g.I , 97, 101, 117, 120, 122, 126, 136, 153, 
154, 15il, 158 , 159, 160, 162 , 165, 168, 172, 
177, 178, 184 , 188, 190, 191, 192, 193, 194, 197 

table of distribution of species O"f __ _____ ______ 221 
Dressy, Texas ________ _____ __ _______ ___ ___ _____ 183 

section neal' __________ __ ___________ __ ________ 186 
Dudley s hale of Kansas __ _______ __________ _____ 209 
Dye No.1 well, Smithwick sha le in________ _____ 56 

East . Indies , P ermo-carboniferous oL ____ _______ 150 
Eastla nd, 'l'exas __ _____ ___ 117, 125, 128, 129, qp, 135 

section near ___ ______________ ____ ____ ____ 119, 135 

structure near -- - ---- - - ---- ----0- ------------ 204 
Eastland CountY __ ll, 18, 112, 122, 12·1, 125, 128 , 

129, 135, 152, 153, 15'1, 159, 161, 162, 171, 176 
f aulted arca in ___ _____ __ ____ .:. _______ _____ __ 201 
Palo Pinto limestone in __ __ __________ ________ 93 
section in _____ ________ 11 3, 135, 157, 158, 164, 173 

Eastland-Sipe Springs road . section on ___ __ _____ 113 
East Mountain, n ear Min eral W ells_______ _____ 69 
East Mounta in shale _____ ___ __________ 75, 81, 83, 84 

fauna of ___________ _________ ___ ______ P l. XIV, 82 
Echinoid sp ines in Harpel'svi1le fOl'mation __ 15"7, 164 
Ed1nonclia [Iibbo[w _______ _____ ____ ____ ___ _____ 120 
Edmondson well, Smithwick in ________ _________ 56 
Eliasville, T exas ____________ ____ _______ 130, 152, 198 

section ncar ______________ ____ _____ ___ __ ____ 155 
Ellenburge r limestone __ __ ___________ __ __ ___ 24, 198 

possible relationship to Bend, diagram showintc 27 
EiliotL Creek bed ______ __ __ ___ ________ __ ____ 63, 84 
Elm Creek __ ____ _________ __ ____ ________ __ ____ 195 
Elm Creek limestone __ ___ _______ __ 192, 193, 195, 198 

in section ____________ _____ __ ____ __ ____ __ 196, 197 
Elmdale, of Kansas _______ ______ ______ __ ______ 188 
EnteZetc, hcmil,licata _____ ___ PI. XXIV, 149, 160, 166 
Eolian, Texas ___ ____ _ ..: ___ ___ ___ ________ _______ 171 · 
Eolian lim estone _____________ _________ __ __ 172. 17!{ 
Erath County _____ ____ __________________ ____ 18, 69 
Escal'lnnent , Av is __________ __ ____________ _____ 131 
E1tO))'l,hal>," ____ _________ _____ ___ __ ___ ___ ___ 59, 104 

n. s p. ___ ____ _______ _______ _____ ___ P ls . VII, XIX 
E'u.phcHl-'W·;' carbonaTius __ _____ ___ Pls. XIV. XX, 120 
EXllosures of lit holog ic c~a l'actcrs ________ _____ 24 
Fath, A . E . ______ ______ ______ _____ ____ ________ 203 
Faults, in North T exas ________ __ _______ ____ 201, 203 
Fauna. invertebrate, in Texas basin ____ __ _____ 152 

of Admiral formation __ ____________ ___ ______ 191 
of Bend Group _____ ___ _____ __ _____ ____ ______ 206 
of Brad formation ___ ____ __ __ ___________ __ 115-116 
of Bunger limestone __ __ ___ __ _______ _____ _ 139-140 
of Caddo Creek member __ _____ ______ ________ 120 
of East Mountain shale member ______ ____ ___ 82 
o f Gr aford formatio n ________ _____ ___ __ ___ 105-107 
of Harpersville formation __________ __ 166, 167-1 68 
of J acksboro member ___ _____ ________ _____ 138-139 
of Palo Pinto limestone __ __________ _________ 94 
of Pennsylvanian of Texas, table oL ___ 213 et seq. 
of Pueblo formation ___ __ ___ __ ____ _____ ___ 175-176 
of Putnam formation ___ _________ __ _________ 190 
of Thrifty form a tion __ __ ___ ___ _____ ___ ______ 159 
of Wayland member ____ ___ ___ ____ __ __ 141, 143"146 
Permia n _______ __________ __ _____ ____ _____ - __ 193 

Finis, Texas ________ ___________ 22, 87, 117 , 118, 129 
fossil collections n ear __ ____ ____ __ ____ ________ 139 

F inis shale and sandstone ____ __________ ____ _ 127, 128 
F;,t,,!ipom ?Lotlnlifem __ ___ _________ P ls. XX , XXIII 

sp. ________ __________ __ ___ ________ __ ___ P I. XXIII 
Folds, in North Texas ________ ________________ 201 

in Pennsylvan ian, age of __ _____ ____ ___ ______ 203 
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Foraminifera in Marble Falls __ ___ _____ ______ 34 
Foreword to bulletin ____ ___________ __________ 10 
Fort Camp Colorado, old _________________ _____ 171 
Fort Belknap, Texas ___________ _ 22, 87, 160, 161, 162 
Fort Scott limestone _____________ ______ 86, 149, 209 
Fossil localities __________ _______________ ______ 134 

list of, from which collections were made __ __________________________ _________ 222 et seq. 
map of, near Bend __________ __________ __ ____ 52 

near Graham _____ ___________________ __ ___ 141 
near San Saba ___ _________ _____ _____ ___ ___ 52 

Fox Ford bed _________ __ ________ ___________ ___ 63 
Franks conglomerate _______ _______________ 152, 210 
Fulton County. TIlinois _________ __________ __ ___ 149 
Fusulina, in Adams Branch Iimestone _______ ____ 104 

in Barnett shale _____ _________ __________ 28, 30, 74 
in Bluff Creek shale _________ __ ________ ______ 137 
in Brownwood shales ________ __ __________ ____ 102 
in Bunger member _______ ______________ _____ 139 
in Graford formation _________ __ ___ 18, 95, 101, 104 
in Guns ight limestone ________ __ ____ _ 130, 136, 137 
in Harpersville formation _______________ 162, 165 
in Home Creek Iimestone _____ ___ _________ 118, 119 
in Mills ap formation __________ _________ ___ __ 72 
in Ranger limestone _________ _____ ______ ____ 111 
in South Bend sandstone _______________ __ ___ 131 
in Thrifty formation __ ______________ 153, 158, 159 
in Watts Creek member ________ _________ ____ 181 

Gant, Dr. A. B. _______________ __ ___ _______ ___ 125 
Gaptank formation ____________ __________ ____ .: 150 
Gastrioeeras __ ____ __ _______ ____ __ _____________ 30 

co'mpreSS1t1lt ______ ___ ____________ ________ __ 68. 69 
""togonu", _______ ____________ __ _________ __ 29, 30 
globulos"", _____ __ ___________ __ ____ ______ ___ 150 
hyattanu", ______ __ _____________ _____________ 120 
subeavu", ___ ____ _____________ _________ ~ __ ~ __ 150 

Gastropoda _______ __ ___________ ___ ________ ____ 83 
silicified ____ ___________________ __________ 179, 180 

Geinitz, A. ____________________ _______________ 121 
Geological Survey of Texas ______ ___ ___________ 12 13 
Girty, G. H. _________ _____ __ 15, 17, 24, 28, 29, 81, 85 
Glenn formation ____ _____________ _____ 121, 152, 206 

correlation ________ ______________ _____ 54, 209, 211 
Glauconite, in Marble Falls_______ __ ________ __ __ 34 
Glyphioceras cU1nm.i1tsi ___________ ___________ 29, 30 

incisum ___________ ___ _________ ____________ 29, 30 
n . gp. __ _______________ ____ ____ __ ________ _ Pl. VII 
of Barnett shale _____ _____ ____ ___ _______ __ 28, 29 

g~i~~~~s M';";;'';i;i;;'--========================== ~~ striat... ___________ ___ _________ __ .. _________ __ 28 
Gonioloboceras weUeri ____________ _______ 84 120 150 
Goniolob ... welleri ___ ___________ ___ _______ Pl. XXV 
Gonzales Creek shale and sandston~ ____ 127, 128, 129 

in section _________ _______ = __ __ _________ ____ 134 
Goode well __________ ___ _________ _____________ 142 

pyritic fossils from ___________ __ ____ _____ __ _ 53 
Gordon, C. H. ______ ______________ ________ ____ 15 
Gordon, Texas _____ __________ ____ _____________ 69 
Gorman, T exas _____ ____________ ___ _____ 61, 117, 200 

anticline _____ ____ __ ________ ______________ ___ 200 

Gl~~~:\~:~~-;:~-:---==-:==:::=:-::=:=====:===:=~~,:~~ 
Graford formation ___ __________ 18, 90, 95, 97, 98, 120 

extent of _______ ___ __________ ____________ ___ 95 
fauna of __________ _________ __ ___________ Pl. XIX 
paleontology ______ ___________________ 105-107, 108 
sections in _________ ____ __ __ _____ __ ___ 99-101, 113 
s t ratigraphic p osition of ____ ___ _______ ___ ___ _ 95 
subdivisions of ___ __ ___ __ ___ ___ ______________ 96 
uniformity of deposition of ____ __________ ____ 19 

Graham, Texas ____ ___ _______ __ __________ ____ _ 
____ 125, 126, 129, 130, 132, 134, 142, 146, 156 

map of fossil localities near __________ ___ __ _ 141 
section near _______ ___________ ______ __ ______ 132 

Graham and Upper Cisco fossils __ _______ __ PI. XXV 
Graham formation __ ___________ 18, 120, 121, 125-152 

ammonoids of ____ ___ ____________ __________ __ 149 
correlation of _______ ___ _________________ 146, 210 
exposures of ________________ ___ _______ __ 126, 136 
extent and thickness oL ______ ___ ____ _____ 125, 205 
fauna of _______ _ Pls. XX, XXI, XXII, XXV, 210 
lithology of ______ ___ ________ ___ _____________ 126 
on Mid-Continent map __________ ________ ____ 210 
paleontology of ___ ____________ ____________ 138-152 
sections of ____ ______________ ___ ______ 128, 131-137 
stratigraphic position of ____ ___ ___ ________ __ 125 
subdivisions of ____ __ ___________ _____________ 126 
thinning of, in Colorado Valley __________ 136, 204 
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Graham Ranch __ ____ ___ ______ _____ __ ___ ______ 163 
Graham-South Bend r oad, A vis escarpment on __ 133 
Grape Creek shale a nd limestone bed __________ 198 
Gray Ranch oil field , section in ________________ 181 
Grayson County __________ __________ , ______ ____ 205 
Green, Miss Linda _________ ________ ___________ 18 
Grifjithides scitula _________________________ Pl. XIX 

sP. ________ __ ____ ______ __________________ Pl. XIV 
Grosvenor, Texas _______ _______ ____ ___________ 160 

section near __ ________ __ _________ __________ _ 165 
Guernsey COUlity, Ohio __ _______________ ______ 149 
Gulf, Colora do and Santa F e Railroad __ 118. 174, 177 
Gunsight, Texas __________ 125, 126, 130, 133, 134, 152 

fossils of W ayland near _____________________ 141 
section near ___________ ____________ _________ 135 

Guns ight limestone ________ ___________________ _ 
_______ ___ 20, 126, 127, 129, 130, 149, 154, 155 

CampophyU1tm in ______ _______ ___ ___________ 143 
fossiliferous beds of ____ __ _____ __ ___ 125, 126, 138 
Ft~",lina in ___________________ ______ . ________ 136 
in sections _______________ _______ 131-137, 157, 158 
substitution of name __ ______ _____ __ _________ 136 

Gypsum _______________ ____________ __ ______ 161, 165 

Had'rophyllu", aplatu". _____ _____ __ __ __ _____ PI. VII 
Cummins ____ ________ _____________ ___________ 58 

Hager, Dorsey ________ _____ _____ _____ ________ _ 198 
Hall, Texas ___ _________ ____ ________ ___________ 61 
Hammill, C. A . _______ __________ ____ _______ __ _ 

18, 119, 135, 137, 157. 168, 164, 173, 180, 181, 186 
Hanna Valley bed ______ ____ _____ ____ __ ________ 62 
Harpersville, T exas ____ __________ ___ ___ _____ __ 160 

section near __ ___ ____ ___ _______ _____ _______ __ 157 
Harpersville epoch _____ _____________ __ ________ 172 
Harpersville formation __ __ ____ 125, 149, 160·168, 171 

correlation ___________ __ __________________ ___ 168 
definition of __________________ _____ ______ ___ 160 
exposures of ___________ ____________ __ _______ 161 
extent and thickness of ___________ ______ ___ 160 
fauna of ______ Pls. XXIII, XXIV, 160, 167-168, 175 
in Brazos River Valley ________ ______ _____ 161-162 
in Colorado River Valley ______ _____ __ ____ 162, 163 
in sections ____________ _______ 155, 157, 163-166,173 
lithology of __________ __________ ___ __________ 161 
pa leontology of ___ __ ____ ____ ___ __ ___________ 166 
pla nt-bearing beds in __ ___________ ______ ____ 168 

Hartshorne sandstone, correlation ____ ___ _______ 74 
Hart School __ ______ __ ___ ______ ___ __ __ ___ _____ 177 

section near ______ ___ ________ _____ ___ ____ ___ 180 
Hart School bed ____ ___ _________ __ __ __________ 179 
Hematite concretions _____ _______ ___ _ ' ___ __ ____ 161 

nodules ___________ ______ _____ ____ __ __ _____ __ 174 
Hernizyga n. sp. ____ _____ ___________ ______ Pl. XIX 
H enrietta formation. Missouri _______ ___ ______ 210 
Hermosa formation, Colorado ________________ __ 55 
Hill, R. T. ___ _____ ______ __ ______ ____ __ ______ 15, 32 
Hog Creek ___ __ _____ ___ ___ ______________ ______ 61 

bed ________ ____________ __________ ___________ 11 8 
Millsap formation ex posed on _______ _________ 69 

Hog Creek shale ___ _______ _________ __ 117, 118, 119 
Holcomb well _____ ______ __ ____________ ______ __ 26 
Holdenville shale _____ ________________ __ _______ 121 
Home Creek Iimestonc ____ __ ________ _ 22 . 87, 89, 

. ll~, 118, 120, 122 , 125, 126, 127. 128, 129, 152 
III sechon __ _________ _________ ___ _______ _____ 137 

Hordes Creek limestone lentiL ______ ________ 192, 193 
Horse Creek bed ____ ____ ___ _________ ___ _ 62, 177, 178 

in sections ____ ____ __ _____ ________ ___ ____ 181, 182 
H . T. & R. Railroad Company s urvey __________ 112 
Hubbard Creek __________ __ _____ ______ 177, 183, 195 
"Hurry up" sand, Desdemona field ___ ___ _____ ___ 60 
J[ustedia ",ormoni ___ ______ _________ PI. XXIV, 120 
Hydreionocrin1ts ,,,,,,,rospin,,s _______ __ _____ Pl. XIII 

s p. ______ __________ __ __ __ ________ Pls XIII, XXIII 

Iatan limestone, Kansas __ _________ __ ______ ___ 149 
Illinois, P ennsylanian of ___________ __ _________ 149 
l ola limestone ________ ___ __ ~ ______ ___ __________ 150 
Iowa ____ ________________ __ _ .. ______ __ 209. 210, 211 
India, ammonoid faun a of ___________ __ ________ 150 
Indian Creek bed ________ __ ________ ___ 61, 192, 193 
Indian Mountain, section a t _____ __ _____ _____ __ 165 
Insph'lltion P oint _____ ____ ______ ____ ___ ______ __ 6f) 
Iron nodules __ ________________ _________ _______ 164 
Ivan, Texas __________ 125, 129, 130, 133. 154, 159. 200 

s ubsurface fold near _____ ________ ___________ 202 
I van limestone member _____________ ____ ___ 154, 155 

in sections ________ _______________ ___ ____ _ 156-158 



Stmtigmphy of Pennsylvanian FO'l'mations of N01'th-Centml Texas 233 

Jack County, Texas ____________ _____ _________ _ 
______ 11, 18, 112, 117, 118, 121, 122, 124, 
125, 126, 127, 129, 130, 138, 152, 154, 204, 205 

faulted area in ______________________________ 201 

Mississippian fossil element in _______________ 62 
outcrop of ___ _____ _____________ _____ __ Pl. III, 34 
paleontology ___________________________ 44 et seq. 
Pennsylvanian fossil element in ______________ 52 

sections in __________ __ ______ ____________ 128, 131 petroleum in _____ __________________________ 41 
Strawn embayment in _________ ______________ 59 

Jacksboro, Texas _____________________________ _ 
________ 117, 125, 127, 128, 129, 130, 138, 154 

area ______________ ____ _____________ _________ 205 

sections on Colorado River ___________________ 21 
subsurface samples _____________ _____________ 34 
thickness __________________________________ 33, 36 

Marble Falls-Smithwick contact ________________ 37 
Jacksboro limestone ______________ 127, 128, 129. 132 

fauna of ____________________________ 138-139, 143 
Margini/e','a lasallens i.' ________ PI. XX, 120, 143, 146 

.• plendens _____________________ Pls. XIII, XXI, 120 
fossiliferous horizons of _____________________ 138 Marmaton formation _______________ 86, 121, 160. 210 

Jagger Bend bed __________________ ____ __ __ 195, 198 
Jermyn. Texas ______ __________ _____ __ _________ 152 
Joplin. Texas ____ ______ ______________ ____ _____ 97 

Mather, Kirtley F. ________________ _________ ___ 64 
Matlock No. 1 well ___________________________ 25 
May. Texas __ ___________ ___ _______ __________ __ 107 
McAlester shale ______________________________ 209 

Kansas ____________________________ 12, 183. 209. 211 McAnnelly's Bend of Colorado River __________ 13, 23 
diagram of Pennsylvanian correlation in ______ 208 
section ________________________ 160. 168, 188, 190 

McCluskey discovery well _____________________ 112 
McCoy, A. W. ____________________________ ____ 210 

Kansas City __ ___ _____________________________ 150 
Kansas City formation ___________ ______ 121. 149, 210 

McCulloch County, Texas ________________ ll, 18, 
33, 84, 124, 130, 159, 161, 184, 204, 206, 206 

Keechi Creek shale _____________________ _______ 75 sections in _____ __________ _______________ 137, 165 
sandstone ___________________ ___ __ ___________ 75 McLeod, Angus ____________________________ 18, 8·1 

Kickapoo Falls, Texas ___________ __ ___________ 69 
Millsap formation exposed aL ___________ PI. X, 71 

Kirby. Grady __________________________ 18. 11 9. 136 
Knox Andrew well. Pippin .Oil Company________ 25 

Mediterranean, ammonoid fauna of ____________ 160 
Meekospira pcracuta chocta1vensis _____________ _ 

________________________ Pls. XIV, XXII, 120 
Mercury. Texas ______ ____ ______ _______________ 84 
Metacoceras cor1tutwnt carinatum. ______________ 120 

Lake Pinto sandstone __________ ______________ 75. 81 Michelinia n. sp. ___________________________ Pl. VII 
Lampasas County _________ .. __________________ 18 
Lansing formation _______ ___ 149, 160, 160, 210, 211 
Leda beUistriata ______________ Pls. VII, XIV, 29, 120 

Mid-Continent Region ________ _____________ 176, 211 
map of Pennsylvanian in, expla nation oL_209-210 

Middle Coal Measures, Arkansas ________________ 160 
beUist"iata attenuata _________ _______ Pl. XIX, 120 
sp. cf. L. coslyonlt __ __ ____ ____ _____________ 53 

Milburn, Texas _______________________________ 97 
Pleistocene gravel at ________________________ 9i 

Leiorhynchus carbonijer1tnt. ___________________ _ 
________________ ___ Pls. VI, XIII, 28, 29. 30, 31 

carbonijeru7Jt polypleUTUnt ___________________ 80 
Lem, T exas _________________ ____ _____________ 135 
Lenapah limestone _______________ __ _______ 209, 210 
Leon River _______________________ __ ___________ 119 

Milburn formation ____________________________ 13 
Millsap. Texas _________________ ~ _________ 22, 69, 87 
Millsap epoch _____________________ " ___________ 206 
Millsap formation ______________ _______ __ 14. 69, 203 

correlation _________________ ________________ 73-74 
deposition of _______________ ______________ __ 69 

Limestone concretions ________________________ 164- extent of _______ ____________________________ 69 
Limestone No. 1 ____________________ ___ _______ 166 
Limestones A, B, C, D, in Ranger field__________ 39 
Limonite concretions. in Gunsight limestone ____ 136 

in ·Harpersville formation ___________________ 160 
in Wayland member _____________ ____________ 167 

Li"gula albapin ensis __________________ ________ 28 
sp. __________ ___________________________ Pl. XIII 

Ling"lipora "ebraskensis __ _____ __ ____ __ Pl. XX, 146 
Live Oak Creek, section on ____________________ 137 
Llano Mountains ____ 19, 118, 153, 198, 200, 203, 204 
Llano Region ____ ________________ _____________ 206 
Llano uplift ___________ ______ _________ 11, 203, 205 

in Strawn epoch _______ ___ ____________ 59. 90, 201 
Llanoria ________ ________________ _____ _________ 206 
Localities, fossil ___ _____________ __ ______ 222 et seq. 
Locker, Texas, anticline _________ ___ ________ 90, 203 
Logs , graphic section of Bend from ______ ______ 42 
Lohn postoffice _________ __ _____ ___ __ ___________ 160 

~~~s~'iin~f i~--~~==~=:===~~~~============~~~~~~ 2~~ lithology of __ _______________________________ 70 
paleontology of _______ __ _____________ __ ___ 72, 73 
sections in ___________________ ___ ___________ 70-71 
subsurface aspect of _________________________ 71 
thickness of - ____ ___ __ _________ ___ ________ 72, 204 

Mills County - __________________________ _____ 18, 33 
Mineral Wells, Texas ______ 69, 81, 82, 83, 84, 103, 160 

district _____________ __ _______________ __ __ __ _ 205 
Smithwick shale in _______________________ 204 

embayment __ _________________________ ___ _ 60, 205 
gas field, cross-section ______________________ 56 
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fossiliferous beds of _________ __ ___ ____ 125. 126. 142 
fossils. collections of ___ ~ ____ ______ ___ 134. 135. 138 
in section _______________________ 132. 135. 157, 158 
removal of portions oL ____________ __________ 152 

Weedon School __________________ _ 126, 130. 143, 149 
section at _____ ___________ _____________ _____ 136 
structure near _______________________________ 204 
well ___________ _____ _______ .. ___ ___ __ __ _____ _ 126 

Wells, L. E . ___________________________________ 196 
Wells. S. W. _________ _________ ____ ____ 18, 113. 118 
Wells. Barnett shale in ______________________ 25. 26 

Mar ble F alls-Ellenburger contact in__________ 25 
West Texas, Permo-carboniferous oL _____ __ ___ _ 150 
Wewoka f auna ____ __ ______ _________ , ______ ___ _ 

__ __ 81, 82. 84. 115, 120. 138. 152. 166. 206, 210 
formation , correlation of ____ _________ __ ____ _ 

__ __________ 74 . 85, 86. 146. 150. 160. 209, 211 
White, David ___________ _____ _________ _____ ____ 168 
Wichita-Albany Group. the __ _________ _____ ___ _ 184 
Wichita Group. the _______________ 122. 124, 183. 191 

of the P ermian __________________________ 183. 19U 
Wichita Mountains ____________________________ 211 
Wichita Red Beds _____________________________ 191 
Wilbarger bed ___________ ________ __ ___ ______ -' _ 61 
Wise COUIlty. section of Lower Pennsylvanian in 86 
Wolfcamp formation _______________________ ___ 150 
Wolf Mountain ________ ______ ________ __ __ _____ 93 
Woodson. Texas _______________________________ 171 
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Worthenia sp. _________________________________ 53 Zaphrentis gibsoni ? _____________ __________ Pl. XIX 
tabulata ______ __ _____________ ___ Pl. XIX, XX, 120 

Wreford, of Kansas _________ __________________ 188 
Zephyr, coral reef near _________ __ __ __________ _ 100 
Zygopleura ______ ____________________ _ ___ ___ __ _ 85 

Yoldia glabra ___________________ Pls. XIII, XIX, 120 
sp. ________________________ __ ______________ _ 53 

.""lticostata ____ ________________ _________ PI. XIV 
""gosa _____ __ ____________ ___ _____ _____ ___ PI. XIV 

Young County, Texas ________________________ _ 
11 , 18, 118, 121, 122, 124, 125, 126, 127, 128, 
129, 130, 136, 152, 154, 161, 162, 198, 204, 205 

sections in ______ . __________ 132, 133, 155, 159, 163 
structure in ________________________________ 201 




