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The benefits of education and of 
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PREFACE 

The investigations in north-central Texas the results of which 
are recorded iJ;l this report were carried on by the United States 
Geological Survey with funds allocated to the Survey under the 
Public Works Administration. The project included stratigraphic 
studies in Brown and Coleman counties on the Canyon and Cisco 
(restricted) groups of the Pennsylvanian by Clarence O. Nickell 
assisted by Fred F. Yockstick; stratigraphic studies of the Cisco 
group (restricted) in Young, Stephens, and Throckmorton counties 
by Wallace Lee assisted by Ivan J. Fenn; subsurface studies of the 
Bunger and associated oil pools in southeastern Young County, by 
Lloyd E. Wells, and of the Cross Cut-Blake oil pools in north­
western Brown County by Edgar D. Klinger assisted by R. B. 
Cheney. The results of the subsurface work on the Bunger and 
Cross Cut-Blake districts to which occasional reference is made in 
this report are to be published elsewhere. The areas in which the 
stratigraphic work was done are shown on the accompanying guide 
map (fig. 1). . 

Fossil collections in the areas of field work were made by James 
Steele Williams whose report on the invertebrate fossils except 
fusulinids is included in the report. Lloyd G. Henbest has reported 
on the fusulinids collected by the field parties. Both the pale­
ontologic reports added materially to the results of the field work_ 

Pennsylvanian system, Permian system, Cisco group restricted, 
and Wichita group redefined, as herein used, correspond to the 
Pennsylvanian series, Permian series, Cisco group, and Wichita 
group as now accepted by the United States Geological Survey_ 
This usage has been followed to accord with the present Classifica­
tion of the Texas Bureau of Economic Geology. The Permian­
Pennsylvanian boundary in this region is, however, still a debated 
subject. 

The writers of these reports are greatly indebted to many firms 
and individuals who gave freely of their facilities and information, 
and without whose aid only a part of the work could have been 
accomplished in the time available. Among the firms who helped 
materially by supplying maps, logs, and altitudes are The Conti­
nental Oil Company, The Texas Company, Atlantic Oil Company, 
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Shell Petroleum Corporation, Stanolind Oil Company, Sinclair· 
Prairie Oil Company, Humble Oil & Refining Company, Gulf Oil 
Corporation, Laughlin & Simmons, Hudnall & Pirtle, Hightower 
Oil & Refining Company, Carter Oil Company, and Mid-Continent 
Oil & Gas Company. 

LEGEND 
AREA!> !>TUDIED _ 

SUB!>URFACE STUDE!> _ 

• Ff.Worfh 

Fig_I. Key map of north-central Texas showing areas studied. 



Preface 9 

Among the many individuals to whom the geologists contributing 
to this report are indebted are R. T. Hill, Dallas, Texas; M. G. 
Cheney, Coleman, Texas; Ben H. Ramsey, Graham, Texas; T. F. 
Petty and John F. Bricker, Cisco, Texas; W. D. Kelley, J. J. Maucini, 
R~lph S. Powell, Virgil Pettigrew, Everett C. Parker, Frank Parsons, 
John A. Kay, and M. M. Garrett, Wichita Falls, Texas; R. E. Graves 
and C. D. Anderson, Brownwood, Texas; H. B. Fuqua, J. B. Lovejoy, 
H. S. Clark, and J. M. Armstrong, Fort Worth, Texas; and A. L. 
Beekley and A. F. Truex, Tulsa, Oklahoma. Many others assisted 
from time to time and no one frOlllj whom information or help 
was asked failed to cooperate. 

The various projects were undertaken after consultation with the 
director of the Texas Bureau of Economic Geology and the officers 
of tlie North Texas Geological Society, the Fort Worth Geological 
Society, and others interested in the economic development of north­
central Texas. Work was commenced on April 2, 1934, and the 
field work was completed by the several parties at various dates 
in September, 1934. The manuscripts of the various reports were 
completed in the fall of 1935. 

The stratigraphic work laid special emphasis on the details of 
the sections with a view not only to determine the intervals between 
key beds useful in the determination of structure for the develop­
ment of oil and gas, but also to determine the variations that 
occur in the character and thickness of the beds in different areas. 
Considerable information was procured in regard to unconformi­
ties ,vithin various formations which should be useful in oil 
development. 

During the editing of the various papers included in this report, 
it became necessary to abandon the term Merriman limestone mem­
ber originally applied to a specific bed in the Ranger district which 
has subsequently been rather loosely used. A new and more inclusive 
term, the Winchell member, has been introduced for the reasons 
explained in the paper on the "Stratigraphy of the Canyon and Cisco 
Groups on Colorado River in Brown and Coleman Counties." The 
term Winchell member has been inserted also in the other parts of 
this report although the older term was used by the several authors 
in the original manuscripts. 

WALLACE LEE. 

August 15, 1935. 





STRATIGRAPHY OF THE CISCO GROUP OF THE 

BRAZOS BASIN 

WALLACE LEE 

I TRODUCTION 

The study of the stratigraphy of the Cisco group along the Brazos 
River was begun on April 2 and completed on September 30, 1934. 
Much work had already been done on the stratigraphy of the region 
as a whole, but no locill study of so detailed a character has hereto­
fore been made. Earlier work had been concentrated on the lime­
stones of the section as the most direct approach to the study of 
the structure of the area for oil development, and the sandstones 
and conglomerates of the section had received less attention than 
their importance has now been found to justify. The relation of 
the discontinuous limestone beds to the sandstones and to the many 

unconformities had not previously been recognized. A number of 
facts of considerable significance for working out the structure and 

also concerning the character of the sand bodies in which oil 

accumulation takes place down the dip have been learned. On 

account of the numerous unconformities the work proved difficult 
and slow, and the determination of the complicated relations of 

the various outcrops to one another resembled in many respects the 

solving of a jigsaw puzzle. For this reason the description of the 

different formations and their thin and interrupted component 

members is necessarily detailed. The areal geology is shown in 

Plates V and VI. 

PENNSYLVANIAN SYSTEM 

CISCO GROUP RESTRICTED 

The Graham, Thrifty, Harpersville, and Pueblo formations con­

stitute the Cisco group, the highest division of the Pennsylvanian, 

as here limited. Formerly the Moran and Putnam formations were 

also included in the Pennsylvanian, but the Texas Bureau of 

Issued July, 1938. 
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Economic Geologyl now places these formations in the Permian, 
thus restricting the earlier definition of the Cisco group. 

The formations of the Cisco group are composed chiefly of shale, 
sandy shale, and sandstone, with a considerable number of thin 
limestone beds, many of which are discontinuous. 

The formations, particularly in the area along Brazos River, 
contain a great many unconformities, and those in the lower forma­
tions of the group are particularly conspicuous. 

GRAHAM FORMATION 

DIVISIONS 

The Graham formation, not including the filled channel at its 
base, is at least 590 feet thick, the unc~rtainty being due to the fact 
that the formation is bounded both at the top and bottom by 
unconformities. In the Brazos River region it is conveniently 
divided into the following units, for discussion: 

Thickness 
Feet 

Wayland shale member _______ ,__________ 110 
Shale, with numerous channels and unconformities ______ 174 
Bunger limestone member____________________ 6 
Shale and sandstone_________ _ __ 168 
Gonzales limestone rnembeL___________________ 18 
Shale and sandstone _____________ ___ _ ________ 113 
Salem School limestone membeL_____________________ 1 
<::hannel deposit _ _ ___ _ ______ ____ _ __ _ 

590 

To this must be added a thickness of at least 150 feet for the 
channel deposit below the Salem School limestone. As the forma­
tion is bounded both above and below by unconformities, no definite 
thickness for it can be set. Measurable and convenient limits for 
a partial thickness' of the formation , however, are from the base 
of the Salem School limestone member up to a limestone bed at 
the base of the Wayland shale member, an interval of 4.80 feet. 

BASE OF THE GRAHAM FORMATION (KISINGER CHANNEL) 

The lowest division of the Cisco group is the Graham formation. 
At its very base an unconformity is manifested in a deep channel 
in the southeast corner of Young County, on the southern margin 

lSellards. E. H. , Adkins. W. S., and Plummer, F. B., The Geology of Texas, VoT. I, 
Stratigraphy: Univ_ Texa. Bull. 3232. pp. 140-144, 1932 [1933] . 
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of which is the Kisinger oil pool. This channel (PI. I) was 
eroded through the Home Creek limestone member at the top of 
the Caddo Creek formation and an undetermined amount into but 
not through the Ranger limestone member at the top of the under­
lying Brad formation. The following composite section shows the 
sequence of beds immediately below the Graham formation. It was 
measured on the southern margin of the channel, where it is believed 
that not much erosion has taken place, though there is no way of 
determining locally how much of the Home Creek limestone may 
have been removed. 

Thlckness 
Feet 

Home Creek limestone' member__ _____________________________________________ 38+ 
Shale _____________________________________________________________________ 2 
Sandstone {lenticular and variable} _____ ____________________ 2-18 
Talus (probably shale) ________________________________________________ _ 107-91 
Ranger limestone member (base not exposed} _________________ 15+ 

This report is not concerned with strata below the Cisco group, 
but it is worth mentioning that the sandstone below the Home 
Creek differs so much in thickness from place to place that the 
presence of an unconformity within the Caddo Creek formation is 
suggested. This sandstone is 2 feet below the base of the Home 
Creek on the bluff southeast of the mouth of Connor Creek, where 
it is 2 feet thick, but 2 miles distant, on the bluff half a mile north­
east of" Ming Bend School, it is 18 feet thick. No extensive study 
of this sandstone, however, was made. 

As the channel at the base of the Graham formation has ' been 
cut completely through the Caddo Creek formation and into , the 
Ranger limestone, it was at least 149 feet deep ,and probably not 

. less than 160 feet deep. The channel was therefore commensurate 
in depth with the present valley of Brazos River, though in this 
locality it did not attain the maturity of erosion of the present cycle. 

The lower part of the channel is filled with quartz sandstone 

and chert conglomerate. Most but not all of the pebbles are sub­
angular and 1 inch or less in diameter, but a few 3 inches or more 

in diameter were noted. The pebbles are very irregularly distributed 

in the sandstone, occurring in interrupted bands and masses with 

cross-bedded and swirling lines of deposition at all levels. They are 
chiefly gray and white chert, though there is a considerable variety 
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of other pebbles, including black and banded chert and some green­
ish material that may be novaculite, but there are no quartz pebbles. 
All the material, so far as known, could have been derived from a 
southwestward extension of the Ouachita Mountains, which were 
being raised at this time. Earlier studies of the Pennsylvanian con­
glomerates of the Brazos Valley have indicated that the material 
came from this source.2 The greatest thickness of sandstone and 
conglomerate measured at any point is 55 feet, though the deposit 
is undoubtedly thicker. 

The upper part of the material filling the channel is sandy shale 
and laminated shaly sandstone containing quantities of macerated 
plant fragments. In many places the laminae are almost coaly, 
and at one point 2 inches of impure coal was seen. This sandy 
shale member is 22 to 30 feet thick near the margin, but toward the 
center of the channel in some places it is thicker. On the west side 
of Connor Creek about a mile above its junction with Brazos River, 
fossil leaves were collected from ferruginous shale concretions in 
channel deposits between the Salem School limestone member and 
the top of the conglomeratic sandstone. These specimens were ex­
amined by Charles B. Read, of the United States Geological Survey, 
who reports the following species: 

Mariopteris sillimani (Brongniart) White 
Neuropteris ovata Hoffman 
Asterophyllites equisetiforrnis (Schlotheirn) Brongniart 
Annularia stellata (Schlotheim) Wood 
Sphenophyllum sp. 
Dicrallophylhun sp. 
Cordaites sp. 
Sigillaria sp. 

As might be supposed, the sides of the channel vary considerably 
in the angle of slope. Where it is steep there is no difficulty in 
determining the contact of the channel deposit with the channel 
wall. Where, however, the slopes were low the trace of the old 
surface on the present topography is irregular and is not every­
where easy to follow or map. 

At most places where erosion has exposed the contact of the 
channel deposits with the old surface, these deposits contain large 
and small boulders and pebbles of Home Creek limestone incor­
porated in the contact conglomerate. In many places huge masses of 

28ay, Harry. A study of certain Pennsylvanian conglomerates of Texas: Univ. Texas Rull. 
3201, pp. 149-188, 1933. 



Stratigraphic and Paleontologic Studies 15 

Home Creek limestone dislodged fro:ql the ancient rim rock occur at 
various levels in the contact deposits, as shown on the southeastern 
margin of th~ channel in the accompanying sketch (PI. I). These 
pebbles and boulders do not differ in appearance from similar debris 
from the present outcrops of Home Creek limestone and suggest that 
the Home Creek limestone was already consolidated at the time of 
its first exposure and erosion. 

The sketch (PI. I) shows the areal extension of the channel as 
indicated by the edge of the eroded Home Creek limestone in the 
outcrops. Lloyd E. Wells, who was working on the subsurface of 
the Bunger oil pool, which lies immediately to the west, was able 
to trace certain areas in which the Home Creek limestone is absent 
in the well logs in that area. These are also shown in Plate I. It 
is evident that as 38 or more feet 'of erosion must have taken place 
to remove the Home Creek limestone completely, only the deeper 
parts of the subsurface channel in general can be definitely recog­
nized in this way, and the actual width of the channel in the sub­
surface area is greater than that shown. Certain areas in the surface 
exposures where the Home Creek limestone was not entirely removeJ 

. show limestone conglomerate at the top of the limestone, and some 
well logs show only partial sections of the Home Creek. However, 
the accuracy of many of the well logs is questionable. In some 
logs the conglomeratic sandstone has either been logged as limestone 
or not mentioned at all , to the confusion of the subsurface investi­
gation of the channel deposits. 

The deeper part of the channel along Connor Creek, where the 

Home Creek limestone is entirely removed on the outcrop, is about 

2 miles wide toward the northeast and tapers southwestward to a 

width of less than 1 mile on Herron Bend. No subsurface extension 
of the deep, broad channel of the surface outcrops could be detected 

in the logs, which, in the Bunger pool, suggest a branching tributary 
channel. 

The channel exposed at the surface tapers toward the southwest 
in this area and its course in consequence appears to have been 

toward the northeast. As the source of the pebbles in the con­

glomerate, however, appears to have been to the northeast, it seems 
probable that the channel as here defined was tributary to a basin 

somewhere to the east, where the Home Creek limestone is erratic 
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in its distribution, and that the filling of the channel was coinci­
dental with the filling of the basin. 

This channel deposit is here considered the basal deposit of the 
Graham formation; the Salem School limestone, which immediately 
overlies it, is therefore the first marine member of the Graham 
formation. 

SALEM SCHOOL LIMESTONE MEMBER 

The bed which is here named the Salem School limestone member 
of the Graham formation is a yellowish earthy limestone crowded 
with marine fossils. It is in few places more than 8 inches thick, 
but over the central part of the channel on Connor Creek it is 
nearly 2 feet thick. This bed is particularly interesting because it 
overlies both the channel deposits and the older Home Creek lime­
s tone. Half a mile southeast of Salem School, where it is well 
exposed, it is 5 feet above the Home Creek limestone. On the south 
side of the channel, a short distance south of Ming Bend School, 
it is 17 feet above the Home Creek. As the Home Creek limestone 
was exposed to erosion prior to the deposition of the Salem School 
limestone, the variations in the interval between them may be ' 
attributed to erosion of the surface of the Home Creek limestone. 
However, near Salem School there is no evidence of unconformity, 
although during the interval represented by the 5 feet of shale 
separating these beds, a channel more than 150 feet deep was eroded 
and filled. 

The regional extension of the Salem School limestone is not now 
known, but it was recognized above the Home Creek north of Finis, 
at least 1 mile from the margin of the channel. Where the Home 
Creek limestone is absent this limestone has previously been mapped 
as Home Creek. This has probably not involved any serious error 
in the determination of structural relations, though there is reason 
to believe that there is a lowering of the Salem School limestone 
over the cen tral part of the channel. Probably less error is iI,l­
volved in using this bed as a datum plane than in using the eroded 
surface of the Home Creek itself. 

SALEM SCHOOL LIMESTONE MEMBER TO GONZALES LIMESTONE' 
MEMBER ' 

The interval from the top of the Salem School limestone, on the 
margin of the channel which it overrides, to the top of the Gonzales 
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limestone was found at two places on the northwest side of the 
channel to be 130 feet and 134 feet. Over the channel no intervals 
so small as these were measured, the interval ranging from 140 to 
148 feet. It appears likely that either through compacting or incom­
plete filling of the channel , the Salem School is lower over the 
center of the channel than elsewhere. 

The following section is representative of the beds from the 
Salem School limestone to the Gonzales limestone: 

Section from Salem School limestone to Gonzales limestone· half a mile 
southeast of Salem School, southeastern Young County. 

Thickness 
Feet 

16 
36 

12. Gonzales limestone member, only partly exposed (estimated) 
11. Not fully exposed, probably shale with some sandstone beds 
10. Sandstone, massive .. _ .. ____________________________ _ 2 
~. Not exposed, probably shale 5 
8. Sandstone ___________________________________ _ 1 
7. Shale, dark, weathering buff, with thin partings of yellow 

clay ironstone _______________________________ 10 
6. Sandstone _____________________________________ 2 
5. Sandy shale, platy, with macerated plant fragments-_______ 10 
4. Shale, gray _______________________________________ 15 
-3. Shale, gray, clay ironstone concretions and many fossils, 

particularly gastropods, in lower 5 feet______________ 17 
2. Shale, black, fissile, nonfossiliferous ; on weathering forms 

abundant gypsum crystals_________________ 15 
1. Salem School limestone member, hard, earthy; weathers 

yellowish; fossiliferous __________________________________ _ 1 

130 

The black fissile shale (bed 2 of the section) is present both 
above the channel deposits and outside the channel area but is 
seldom reported in well logs. The abundant gypsum crystals of 
the exposures are a conspicuous and unique feature. The 56 feet 
of beds 6 to 11, immediately below the Gonzales limestone, contains 
bands of sandstone and many irregularities of sedimentation, but 
nothing suggesting channeling was seen. In the outcrops on Brushy 
Mound, a hill soulh of the Graham-Finis road and east of Connor 
Creek, a thin fossiliferous limestone appears about 45 feet below 
the top of the Gonzales limestone. This horizon lies within the 
interval of alternating sandstones in the above section, and the 
absence of the limestone near Salem School may be an indication 
of its erosion and replacement by a sandstone bed. This change 
would be quite in line with the usual sequence of events, but this 
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bed is only a few inches thick and could not be followed, as its 
horizon is nearly everywhere covered by talus. 

GONZALES LIMESTONE MEMBER 

The Gonzales limestone is well exposed on a high, nearly inac­
cessible westward-facing bluff on the south side of Brazos River 
opposite and southeast of Salem Bend, where it is 18 feet thick. 
This is the only place where a complete and unweathered section 
of the Gonzales limestone was seen. 

Section 0/ Gonzales limestone member and associated beds on bluff oppo. 
site Salem Bend, southeastern Young County. 

Thickness 

Feet Inches 
5. Conglomera ti c sandstone __________________________________________ 7 
4. Shale, gray, sandy________________________________________ __ _____ _________ 6 

3. Sandstone, fine grained, dense, thick bedded, light gray; 
bedding irregular, in part limy________________________ 9 

Unconformity 
2. Gonzales limes tone member (18 feet): 

Limestone, hard , r esistant, fossiliferous; top bed 
crowded with crinoid stems, weathers yellow to buff 4 

Limestone beds alternating with thin shale partings 
containing fusulinids __________________________________________ 2 

Limestone composed almost entirely of broken 
brachiopods ___________________________________________ 3 

Li?Ieston~ b t;ds a.lternating with shale; shale beds 
Increa sm g In thickness ______________________________________________ 1 9 

Sha le, limy, very fossiliferous, crowded particularly 
with fusulinids, though fusulinids are common in 
all the shale partings___ ____________________________________________ 2 

Limes tone, irregularly b edded, nodular, dark gray, 
not particularly fossiliferous ._____________________________ 3 

Limestone, sandy, crowded with fusulinids ______ _______ 1 
Limestone, sandy, or limy sandstone ; no fossils _______ 4 

1. Sandstone with fucoidal webs __________________ ---'_____ 4 

44 

As the top of the Gonzales limestone is in contact with sandstone 
unconformably above it, the entire original section of the Gonzales 
may not be represented even here, though this section is thicker 
than any other in the area. Most of the limestone beds of the 
Gonzales are either very thin bedded or earthy or sandy. This con­
dition reduces their resistance to weathering, so that few outcrops 
show the whole section, and the beds are commonly so much altered 
as to be difficult of recognition. Earthy limestones may alter to 
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A aky masses; sandy limestones are leached to soft sandstone; and 
the thinner beds break down and become covered by the talus from 

. the resistant sandstone beds above. The beds are rarely seen except 
on well-drained areas high on hill slopes. In weathering by moist­
ure the beds are so completely leached that they disintegrate. 

In some places only the upper parts of the section are well ex­
posed, whereas in others only the basal beds are seen. In the 
saddle south of Brushy Mound the greater part of the topmost lime­
stone is conspicuous in a bench. The lower beds, however, which 
contain very abundant fusulinids, are inconspicuous, being repre­

sented only by small fragments in the talus. On the other hand, 

along the road from Graham to Henry's Chapel, west of Connor 

Creek, on a hillside north of the road, only a few weathered frag­

ments of the upper members are recognizable in the talus about the 

outcrop. The basal limy sandstone member is conspicuous, but 

the member containing the fusulinids is seen in but few places. 

As this member is followed along the hillside toward the west it 

slopes to a lower altitude and the leaching becomes progressively 

more nearly complete. The bed passes first into blocks leached 

along the surface and bedding planes. Farther on the leaching 

attacks the joints, leaving only a central kernel of unaltered sandy 

limestone. Finally all semblan'ce to the original rock is lost, and 

the once limy sandstone with fusulinids becomes indistinguishable 

except by its porosity from the overlying blocks of sandstone in 

the talus. Contrary to appearances, the beds of the Gonzales do 

not change radically in character within short distances along the 

outcrop. It is the phases of weathering which materially affect the 

appearance of different outcrops of the same bed from point to 
point. By a careful study of the characteristics and fossil content 

of the different beds it is possible to identify them with a consid­

erable degree of accuracy over considerable areas. 

GONZALES LIMESTONE MEMBER TO BUNGER LIMESTONE MEMBER 

The following section showing the interval from the Gonzales 

limestone to the Bunger limestone was measured on the south slope 

of Brushy Mound, an isolated hill south of the Graham-Finis road 

about half a mile east of Connor Creek: 
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Section showing interval from Gonzales limestone to Bunger limestone on 
Brushy Mound, southeastern Young County. 

10. Conglomerate, base not exposed 

Thickness 
Feet Inches 

15 
9. Talus, probably shale _____________ _ 50 
8. Bunger limestone member ____ _ 1 
7. Talus, probably shale _____ .. ____________________ _ 15 6 
6. Sandstone ____ _ ___ _ 6 
5. Talus, ehie-fly shale 67 
4. Sandstone, mas~ive and bedded, not all exposed 67 
3. Sandstone, limy, massive, dark and pitted______ 2 
2. Talus ____________________________________ 16 
1. Gonzales limestone member_____________________________ 10 

244 

The interval from the top of the Gonzales limestone member to 
the base of the Bunger limestone member is 168 feet, to which must 
be added a thickness of 6 feet for the Bunger limestone, here only 
partly exposed, making the interval to the top of the Bunger 174 feet. 

The thick sandstone deposit, beds 3 and 4, which overlies the 
Gonzales limestone member is in many places extremely conglom­
eratic. It rests uncoriformably on the underlying beds (fig. 2). On 
Brushy Mound, as shown in the section, there is an interval of 16 
feet between this sandstone and the Gonzales. On the river bluff 
already mentioned, opposite Salem Bend, sandstone and conglomerate 
rest directly on Gonzales limestone. On the hillside north of the 
road from Graham to Henry's Chapel, three-fourths of a mile north­
west of Connor Creek, the conglomeratic sandstone at its base con­
tains pebbles of clay ironstone and limestone, which suggests that 
the top of the Gonzales has been eroded, though the contact was 
not seen. 

Ross, 3 in describing the Gonzales limestone at its type locality, 
in the Lacasa area of the Ranger district, 30 miles to the south, says: 

The top of the Gonzales limestone is marked by a slight unconformity. In 
most of the area it is overlain by only a few inches of shale, above which lies 
a very massive bed, the base of which is an intraformational conglomerate 
containing ferruginous clay pehhles. This grades into a conglomerate com­
posed of light-colored chert pebbles with quartz sand filling the interstices, and 
this conglomerate in turn grades into a normal sandstone. 

aRo8s, C. S., The Lacasa area, Ranger district, north-central Texas: U.S. Geol. Survey Bull. 

726, pp. 307- 308, 1921. 



Stratigraphic and Paleontologic Studies 21 

He notes that the Gonzales limestone thins or is absent in the 
northern part of the Lacasa area and that the interval above the 
Home Creek limestone is "about 100 feet. " Campophyllum torquium 
is reported to be abundant in the Lacasa area, but none was seen in 
the Gonzales on Bra~os River. 

It seems likely that a somewhat greater unconformity exists at the 
base of this sandstone overlying the Gonzales on Brazos River than 
was observed by Ross in the Ranger district. The Gonzales limestone 
seems to be cut out by unconformity south and west of Salem Bend, 
and it is probably missing in other areas farther south. 

The conglomeratic sandstone deposit is less regular on Brazos 
River than would appear from the description of the bed in the 
Lacasa area. The vertical distribution of the conglomerate also is 
less regular, the thickness greater, and the top less well defined . It 
passes into the shale of the upper part of the section by a series of 
beds of alternating sandstone and shale, and no sharp line can be 
drawn at its top. 

The sandstone deposit, although showing unconformable rela­
tions at its base, shows no sign of having been deposited in channels 
in any of the places seen along the outcrop. It contains poorly pre­
served trunks and fragments of plants in some places, but these are 
sporadic and rare. The pebbles are similar to those in the Kisinger 
channel. 

The following section, measured on the river bluff at the west end 
of Haynes Mountain, 2 miles north of Bunger on the east (left) side 
of Brazos River, shows the sedimentation above the thick sandstone. 

Section below Bunger limestone north of Bunger, southern Young County. 

Thi ckness 
Feet 

9. Conglomerate; unconformable on bed 8________________________ 17 
8. Bunger limestone member_______________________________ 1 
7. Shale ____________________________________________________________________________ 20 

6. Limestone, thin bedded, earthy, sandy, fossiliferous_____________ 2 
5. Shale and talu&__________________________________________________ 42 
4. Sandy limestone, with 2-inch crinoidal limestone layer at top 

(North Leon limestone member?) _____________________________________ 2 

3. Sandstone and shale alternating, poorly exposeL_________ 29 
2. Not exposed ________________________________________________ 22 

1. Sandstone, platy at top, massive below______________ _____ 9 

144 



22 The University of Texas Publication No. 3801 

Bed 1 probably lies at the top of the thick sandstone sheet above 
the Gonzales limestone member. The sandy limestone (bed 4) at 62 
feet below the Bunger occurs near the horizon of the North Leon 
limestone member of the Lacasa area and, though thin and erratic, 
may be a northern representative of the marine invasion recorded 
by that member. It was not observed in place elsewhere, but float 
of similar character at about the same horizon is present in a small 
drain that discharges westward into Brazos River west of the high­
way from Graham to Bunger, 1% miles north of Bunger. 

Bed 6, though earthy and thin bedded, is usually present where 
the , horizon comes to the surface, but in some places it is cut out 
by channeling, as described below. In a small sadd~e north of the 
road from Graham to Henry's Chapel, a quarter 6f a mile southeast 
of Flat Rock Creek, 4 miles from Graham, several very fossiliferous 
beds 2 to 3 inches thick occur in the 20·foot interval below the 
Bunger limestone, but they were not noted elsewhere. 

The following section was measured on the hill west of Bunger at 
the type locality: 

Section of beds below Bunger limestone near Bunger, southern Young 
County. 

Thickness 

5. Bunger limestone member _ ____ ____ _ 
4. Shale, weathered, yellowish. _ _ ..,.. _ _ 
3. Limestone, earthy, sandy, fossiliferous, thin bedded, at top 

Feet 
2 

20 

a very fossiliferous plate 2 inches thick, red in coloL_____ Z 
2. Shale, not well exposed ________________________ 31 
1. Sandstone, massive _________________________________ 5 

60 
BUNGER LIMESTONE MEMBER 

The Bunger limestone was named for its outcrop near the town 
of Bunger, 5 miles south of Graham, though much better and more 
complete exposures of it occur at other points, as on the west side 
of Brier Bend, at the base of Bass Mountain, and on Brazos River 
north of South Bend. 

It consists of a dense, hard, yellowish-gray, very fossiliferous lime­
stone weathering to hard ringing slabs. On fresh surface it is dark 
and crystalline and shows many fusulinids. In general there are 
two separate benches in the outcrops, each about 1 foot thick, weath­
ering smoothish with rounded corners. In the best exposures, how­
ever, these resistant beds are joined to and underlain by 4 feet or 
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Fig. 2. Diagrammatic cross section of Caddo Creek formation and lower part of Graham formation, southeastern Young County, Texas. 
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more of less massive limestone, which in such places forms with it 
a striking and resistant rim rock more than 6 feet thick. The lower 
4 feet, which is in few places well exposed, disintegrates in weather· 
ing and lets the more resistant members settle downhill on the soft 
yellow slippery shale below. 

CHANNEL BELOW THE BUNGER LIMESTONE MEMBER 

On the bluff of Brazos River just west of the bridge on the high­
way from Graham to Bunger, upstream from the mouth of Salt 
Creek, there is a fine exposure of a deep sand-filled channel (fig. 2). 
The following section was measured: 

Section in channel deposit below Bunger limestone. 

Thickness 
Feet 

3. Bunger limestone member____________ ____ 4 
2. Shale _ .. _. _____ ... _ ... _ ... ____ ______ .... _. ____ ._ 6 
1. SandstoM (exposed down to edge of river alluvium) _ ____ .__ 56 

This channel from rim to rim along the bluff is not over a quarter 
of a mile wide, but it is at least 56 feet deep, the base of the channel 
not being exposed. At most of the exposures below the Bunger 
there is no sign of unconformity, and a normal section including 
the limestone at 22 feet below the Bunger is present. 

However, at some localities sandstone of varying thickness but 
without obvious channeling occurs at this horizon. On the west side 
of Brier Bend, sandstone at least 8 feet thick is present 6 feet below 
the Bunger. At the old bridge across . Brazos River north of South 
Bend 13 feet of sandstone occurs at this horizon, and thinner deposits 
occur at some other points. 

The channel, though filled with fairly coarse sandstone, contains 
no pebbles, and this fact, together with the depth and narrowness 
of the valley suggests that it may have been a tributary to a more 
extensive drainage system. Such inequalities as were produced by 
the erosion were effectively filled before the deposition of the Bunger 
limestone. 

BUNGER LIMESTONE MEMBER TO TOP OF WAYLAND SHALE MEMBER 

The interval from the top of the Bunger limestone to the top of 
the thin but persistent limestone bed at the base of the Wayland 
shale member is about 175 feet. The Wayland shale which is fol­
lowed by an important unconformity has a maximum observed 
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thickness of no feet, thus giving the post-Bunger- deposits of the 
Graham formation a known thickness of 285 feet. No less than nine 
unconformities, several of them involving general erosion and others 
deep channeling, were observed in this interval (PI. II). As some 
of these erosion surfaces intersect others and as in most of them the 
inequalities of the erosion surface are leveled off, with the deposition 

of sandstone or conglomerate, it would be quite impossible to dif­
ferentiate between them if it were not for the fact 'that most of the 

sandstone deposits were followed by marine invasions during which 
thin deposits of fossiliferous limestone were laid down. 

The following sections show the no~mal sequence of deposits 

immediately above the Bunger limestone : 

Section on the roae/) a quarter of a mile north of the cemetery in Brier 
Bend. 

Thickness 
Feet 

5. Slabs and plates of light-colored limestone, weathering 
smooth and pitted and yellowish gray; contains fusulinids 
and other fossils____________________________________________ 1 

4. Shale, limy and sandy___________________________________________ 14 
3. Limestone, hard, light-colored; has a few fossils______________ 1 
2_ Shale ____________________________________________________________________ 5 
1. Bunger limestone member_______________________________________ 1 

22 

Section on the south side of Bass Mountain, half a mile southeast of bridge 
on highway from Graham to South Bend, southern Young County. 

No. 5 post-Bunger cycle: 

Thickness 
Feet Inches 

9. Sandstone, no conglomerate, yellowish to gray, 
cross·bedded and ripple-marked, in part with 
macerated plant remains_______________________________ 23 

Normal post-Bunger sequence: 
8. Shale, dark gray, slabby__________________________ 20 
7. Shale, with fossils__________________________ 1 
6. Qay shale ___________________________________ _____ 46 

5. Shale, with ammonoids, gastropods, and other 
fossils _______________________________________ 5 

4. Shale, black, fissil6-.-____________________ 2 
3. Clay shale, gray ________________________________ 2.6 
2. Shale, with a few fossil s--____ ~___________ 6 
1. Bunger limestone member___________________ 7 6 

131 
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Section on west . side of Duff Branch, half a mile north of Stephens-Young 
County lill e_ 

No. 3 post-Bunger cycle: 
Unconformity_ 

Thickness 
Feet 

6. Limestone, gray, weathering bluish, or in places to 
lumpy white mortar-like masses.___________________ 2 

5. Limestone, sandy, weathering to yellowish spotted sand­
stone, fusulinids in base_____________ ______ _ _____ 4 
Probable unconformity. 

Normal post-Bunger sequence: 
4. Clay shale, dark, sparsely fossiliferous throughouL______ 52 
3. Shale, not well exposed_____________________________ 25 
2_ Clay shale, weathering yellowish .. ___________________ 16 
1. Outwash not well exposed, probably shale .. ____________ 10 

Bunger limestone member. 

109 

The limestone (bed 5 ) 20 feet above the Bunger in the first sec­
tion given above is present rather generally in the area northwest 
of Bunger, but at Bass Mountain and south of Brazos River it seems 
to be represented only by a highly fossiliferous shale. At least 103 
feet of marine shale, as shown by the section measured on Duff 
Branch, followed the deposition of the Bunger limestone before 
erosion set in. 

North of Brazos River along the outcrop, the thick marine shale 
deposits above the Bunger have been generally removed by subse­
quent erosion_ In some places, notably on Salt Creek south of 
Graham, erosion during the same period also removed the Bunger 
limestone. 

The series of unconformities in the Graham formation after the 
deposition of the Bunger limestone member are referred to numeri­
cally for convenience of reference and the various deposits of each 
cycle are mentioned in the same way, for none of the beds are 
widely enough distributed to warrant giving them place names. 
That is, reference to No_ 1 limestone and No. 2 conglomerate indi­
cates respectively a limestone deposited after the first erosion period 
and a conglomerate after the second. Where more than one lime­
stone occurs in a cycle the first will be referred to, for example, as 
No_ 9 limestone and the second and third as No. 9a limestone and 
No. 9b limestone respectively. 

NO.1 POST- BUNGER CYCLE 

At the end of this period of erosion the surface of the marine 
shale overlying the Bunger limestone had a measurable relief of 
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103 feet. As thicker sections of the shale must have existed in 
some places prior to the erosion, and as the Bunger limestone has 
been cut out at the base, the relief may have been considerably in 
excess of this figure. The first sediments deposited on this eroded 
surface were conglomeratic sandstones, which reached to a height of 
40 feet above the Bunger. An estimate of their maximum thickness 
must be increased by the unknown amount of erosion below the 
Bunger limestone. The relations of this deposit are best seen on 
the hill west of the mouth of Salt Creek, where the top of the con­
glomeratic sandstone overlaps the shale above the Bunger and forms 
a bench at 40 feet above it on the river bluff. Half a mile northwest 
of the crest of this hill, on a secondary road near the railroad, the 
base of the conglomeratic sandstone is in contac~ with the Bunger 
and contains pebbles of Bunger limestone. On the northwest slope 
of the same hill at the top of the sandstone there is a thin sandy 
limestone containing crinoid stems, indicating clearly the return to 
marine conditions at this horizon. This marine bed is referred to as 
No. 1 limestone. The conglomeratic sandstone is followed by sandy 
shale, which is common south of Brazos River, where it overlaps 
the original marine shale at varying intervals above the Bunger 
without any intervening sandstone. 

The sandy shales above the conglomerate are followed by a lime­
stone 6 inches to 1 foot thick, gray, sandy, 'and fossiliferous, which 
was seen in an isolated area near Thedford Tank, where it forms 
the cap of a small butte. 

Section at butte 200 yards south 01 Thedford Tank, one and one-hall miles 
west 01 mouth 01 Salt Creek, southern Young County_ 

No.5? post-Bunger cycle: 
Sandstone. 
Unconformity. 

No. 1 post-Bunger cycle: 

Thickness 
Feet 

4. Limestone la, gray, fo ssiliferous, sandy_____________________________ 1 
3. Sandy shale and thin streaks of sandstone with broken 

plant remains ________________________ ~_____________________________________ 36 

Normal post-Bunger sequence: 
, 2. Shale, marine, fossiliferous ____________________________________________________ 10 

1. Shale; reported in log of Jacobs-Thedford well L ____________ 35 
Bunger limestone member. 

82 
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The interval from the Bunger to limestone 1a is 82 feet, as 
determined in the Jacobs-Thedford well 1, nearby, the lower 35 
feet of the section being taken from the log of this welL No con­
glomerate of this cycle is present in this well or in the area to the 
southwest, and the sandy shale deposit overlaps on the marine shale 
surface, so that limestone 1a evidently represents a second return 
of marine conditions. 

No other r emnant of this bed is known to 'occur north of Brazos 
River, but a very similar limestone is present at almost exactly the 
same horizon on the west side of the strong ridge between Duff 
Branch and Clear Fork of Colorado River, where the following 
section was measured with the aid of the Cox well, half a mile 
west of the Graham-Breckenridge highway, a quarter of a mile 
north of the Stephens County line, and 3Yz miles southwest of 

South Bend. 

Section of beds in part of No.1 post·Bunger cycle three and one·half miles 
southwest of South Bend, southern Young County. 

No. 1 post-Bunger cycle: 

Thickness 
Feet Inches 

4. Limestone la, fossiliferous, earthy and sandy_____ 6 
3. Sandy shale with streaks of thin sandstone 45 

Normal post-Bunger sequence: 
2. Shale, marine, fossiliferous____________ 10 
1. Shale (from log of Cox well ) 25 

Bunger limestone member. 

80 6 

The No. 1a limestone, at the top of this section, crops out for 
about a mile to the north, where it is cut out by the unconformity 
at the base of a younger sandstone, to be mentioned later. The 
fact that this limestone is at essentially the same horizon as the 
limestone bed at Thedford Tank and that it is underlain by 45 
feet of similar shale resting on fossiliferous marine shale and is 
not underlain by the No. 2 conglomerate seems to warrant the 
correlation of the two beds in spite of the intervening distance. 

NO.2 POST-BUNGER CYCLE 

The sandy shales and the limestone bed (No. 1a) were in part 
cut out by renewed erosion, and when sedimentation was resumed 
remnants of bed 1a were left in isolated areas and a new basin 
was cut through the No. 1 sandy shales and into the No.. 1 
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conglomeratic sandstone. The first deposit of the No.2 cycle was 
a conglomeratic sandstone in the area about the mouth of Salt 
Creek and to the east, where the two conglomeratic beds are in 
contact. These deposits can be distinguished from each other only 
where the No. 2 sandstone overlaps the No. 1 shale. Southwest 
of Salt Creek the No. 2 conglomerate does not overlap very far 
on the older deposits, but toward the east it overlaps a consider­
able distance." The deeper parts of both basins, however, lie in 
the same general area. 

On Salt Creek 1% miles south of Graham courthouse the com­
bined thickness of the two superimposed conglomeratic sandstones 
is 65 feet, the bottom not being exposed. The following section 

was measured here. 

Section on west side of Salt Creek, one and three· quarter miles south of 
Graham courthouse. 

No.9 cycle: 

Thickness 
Feet 

6. Earthy limestone bed at base of Wayland shale member 
, of Graham formation (No.9 limestone) ____________ 1 

5. Not exposed _______________________________ 33 

No.7 cycle?: 
4. Sandstone, forming bench____________________________ 20 

Relations indeterminate: 
3. Talus and shale, not well exposed, in part No. 2 cycle_ 57 

No.2 cycle: 
2. Sandstone __________________________________________ 9 
1. Conglomeratic sandstone (No. 1 and No. 2 cycles) _____ 56 

176 

The base of bed 1 of the above section is not exposed. It is 
approximately at the horizon of the Bunger limestone, which is 
absent by erosion in this area. Both the No. 1 and No. 2 con· 
glomerates may be represented in the 56 feet of conglomeratic 
sandstone of bed l. 

The base of the No.2 conglomeratic bed toward the east is pro­
gressively higher and apparentfy overlaps on an older surface of 
shale. On Brushy Mound, tlh miles east of Salt Creek, the top of 
the bench formed by the No. 2 conglomerate, which is here only 
15 feet thick, is 64 feet above the Bunger, and the lower No. 1 
conglomerate is absent. At the east end of Haynes Mountain, 5 
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miles east of Salt Creek, the eroded top of the No. 2 conglomerate 
is 56 feet above the Bunger. On an outlier south of Haynes Moun· 
tain just east of the road from Graham to Henry's Chapel, 3Y2 
miles east of Salt Creek, the interval is 65 feet. Here the thickness 
of the o. 2 conglomeratic sandstone is only 20 feet and the pres· 
ence of the No. 1 sandstone is doubtful, although both are distin· 
guishable half a mile farther north. These measurements and other 
observations seem to indicate (1) that the basin in which these 
conglomerates were deposited had a northwest trend, (2) that it 
was fill ed to an altitude of 65 feet above the Bunger limestone by 
deposits of conglomeratic sandstone, and (3) that its width was 
at least 8 miles. No sandstone of either the No. 1 or No.2 cycle, 
so far as known, was deposited south of the present Brazos River. 

The logs of wells furnish very little information concerning the 
subsurface development of these conglomeratic sandstones, as in 
the upper 200 or 300 feet the logs are usually very 'sketchy and 
seldom make note of conglomerate, even when the well starts on 
the outcrop. These conglomerates differ in no f!;spect from the 
earlier conglomerate" of the Graham formation and like them con­
tain erratically rare and poorly preserved trunks of fossil trees. 

The fo llowing section, measured in a railroad cut on the west 
side of Salt Creek 2.2 miles . south of Graham courthouse, shows 
the sequence of beds immediately following the o. 2 conglom­

eratic sandstone: 

Section 0/ beds 0/ No.2 post-Bunger cycle on Salt Creek. 

Thickness 
Feet 

Clay shale _____________ .__________ ____________ _ _ _____ 15 
Sandy shale ___________________________________________________ __ 15 
Conglomeratic sandstone __________ _ __________ ______ _________ 15+ 

45+ 

The top of this well-exposed section is about 95 feet above the 

Bunger limestone, so that the No. ·la limestone is clearly absent. 

The absence of this limestone in the sequence following the No. 

2 conglomerate in the section shown above supports the conclu­

sion that the No. la limestone represents a second return of marine 

conditions in the No. 1 cycle. 
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NO. 3 POST-BUNGER CYCLE 

After the No.2 cycle the surface was again eroded, and in the 
Duff Branch area whatever deposits had been laid down above 
the marine section were removed and the shales again exposed. 
So far as seen, the erosion beginning the No. 3 cycle produced no 
local channels of any great depth, though channel erosion may 
well have taken place. The greatest relief south of Brazos River 
expressed by the irregularities at the base of the deposits of the 
No. 3 cycle, is 25 feet. The first deposit of this cycle is sand­
stone, which contains no pebbles south of the river. It seems defi­
nitely to have covered any outlying topographic highs that may 
have survived to this · time. In the Duff Branch area, where this 
sandstone (the No. 3 sandstone) rests on marine shale, and also 
at a locality west of the Graham-Breckenridge highway, where it 
rests on sandy shale and interrupts the No. la limestone, it is 
unconformable but shows no evidence of channeling. On the Sed­
don farm, east of the Graha~-Breckenridge highway, on South 
Tonk Creek, and also on the crest of the ridge northeast of Thed­
ford Tank, a bed that seems to be the No. 3 sandstone lies on a 
more deeply eroded surface and carries varying amounts of chert. 

The No.3 sandstone was followed immediately by fossiliferous 
limestone, which is best exposed on the west side of Duff Branch 
north of the Young-Stephens County line. This limestone is inter­
stratified with shale and ordinarily only the lower member, not 
more than 2 or 3 feet thick, has survived subsequent erosion. At 
one point, however, north of Duff Branch, a quarter of a mile 
north of the county li ne, more than 16 feet of limestone was meas­
ured. The lower bed of this limestone is sandy, dense, gray, and 
fossi liferous, and it rests in some places directly on the underly­
ing sandstone. Subsequent erosion, however, has left little of it, 
and north of Brazos River the only area in which a remnant of 
this limestone has survived is on the Seddon farm at the locality 
previously described. Here a small area only a few yards in 
diameter shows fossiliferous sandy limestone at the eroded top of 
an incompletely exposed body of sandstone. The fortunate pro­
pinquity of an abandoned oil test (Cosden-Smith No. 1) made 
possible the determination of the base of the limestone at 102 feet 
above the Bunger. In both areas the limestone rests on sand-
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stone, and in both the top of the bed shows erosion and is fol­
lowed by unconformable sandstone. 

The limestone exposed where the county-line road crosses Pev­
eler Creek, 3 miles east of the Graham-Breckenridge highway, is 
believed to be the No. 3 limestone. At this point it carries such 
quantities of corals of the genera Campophyllum and Syringopora 
that they can be handled with a shovel. Specimens of Campo­
phyllum are also present, though fewer, on the road in the Duff 
Branch area. 

NO. 4 POST-BUNGER CYCLE 

In Duff Branch, on the road east from the Graham-Breckenridge 
highway on the Stephens County line, and farther to the south on 
the west side of Duff Branch, red clay beds and thin sandstones 
carrying plant fossils rest unconformably on the No.3 limestone 
and are followed unconformably by the No. 5 sandstone. This 
cycle was not recognized farther n<;>rth, but south toward Ivan, in 
Duff Branch, it has a considerable development and is recogniz­
able by the plant fossils, which are well preserved at several 
localities. 

The following section shows the relation of the deposits of the 
No. 4 cycle to those above and below: 

Section 0/ beds 0/ No. 4 post·Bunger cycle on the west side 0/ Duff Branch 
on county·line road between Young and Stephens counties. 

No.5 cycle: 

Thickness 
Feet Inches 

12. Sandstone, light·colored, in part limy and thin 
bedded ______________ . ________ .. _ 5 

Unconformity. 
No. 4 cycle: 

11. Limy sandstone, fine grained, thin bedded .. __________ 1 
10. Clay shale, yellowish and reddish. _________ .. ~-.. --------. 3 

9. Sandstone, fine grained, laminated, lenticular______ 1 
8. Sandy shale, with plant remains. __ .. __ ._._________ 3 
7. Sandstone, soft, yellowish, fine grained._________ 1 
6. Clay shale, yellowish______________________ 1 
5. Clay shale, greenish, upper part red.________ 4 
4. Sandy shale, laminated .. _________ .. ____________ 1 6 
3. Limy sandstone, gray, laminated, with plant remains 1 6 
2. Clay shale, gray·green __ _____ . _________ .__ __ 5 

Unconformity. 
No.3 cycle: 

1. Limestone, dark, very sandy, 1 to 3 feet thick..__ 3 

30 
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Half a mile farther south the No.3 limestone is cut out by the 
overlying beds of the No.4 cycle. 

NO.5 POST-BUNGER CYCLE 

The nonmarine deposits of the No.4 cycle are unconformably 
overlain by a sandstone deposit, which has a very general develop­
ment south of Brazos River but whose presence north of the river 
is less certain because there it is in contact with the No. 3 sandstone. 
In the locality of the above section on Duff Branch the base of 
the No.5 sandstone is 22 feet above the No.3 limestone, but half 
a mile to the north it rests on the, o. 3 limestone; and a quarter 
of a mile still farther north erosion has cut completely through 
it, and the base of the sandstone includes many large and small 
fragments of this limestone in the basal conglomerate. In this area, 
the maximum observed thickness of the No.5 sandstone is 30 feet. 
Like the No. 3 sandstone, from which it is separated by remnants 
of No. 3 limestone, it contains no chert conglomerate south of 
Brazos River and is more sh~t-like than channel-like in its distri­
bution. Where the No. 5 sandstone is in contact with the No. 3 
sandstone, as it seems to be north of Brazos River, the two are 
indistinguishable. It caps the bluffs at South Bend and at Bass 
Mountain and seems to be represented on Sidney Mountain, where 
it is thin, by the second sandstone from the top of the hill. It 
appears unconformably above the limestone remnant on the Sed­
don farm, where it is conglomeratic, and still farther north it is 
probably in many places in contact with the No.3 sandstone. Its 
presence near Graham is problematic, as it is indistinguishable from 
the No.3 sandstone. Where the No.3 and No. 5 sandstone deposits 
are in contact, as in the territory north of Thedford Tank, they 
have a measured thickness of 53 feet. The following section shows 
the relations of the No. 5 cycle to the adjacent cycles: 

Section showing beds 0/ No.5 post-Bunger cycle on Sidney Mountain, three 
miles northeast 0/ South Bend, southern Y oung County. 

No.7 cycle: 

Thickness 

Feet Inches 

11. Sandstone, with fine chert grains, reddish.______________ 3 

No.5 cycle: 
10. Shale __________________________________________ -"___________________ 3 

9. Limestone, platy, impure, sparsely fossiliferous .______ 2 
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Thickne5s 
Feet Inches 

8. Sandstone, limy; no fossils . ___ .......... ___ ... ___ 4 
7. Shale, crowded with fusulinids (the so·called fusu· 

linid bed ) __ . __ ... _____ ..... ___________ .. ____ . __ .__ 6 
6. Shale ____ .. _________ . _______ . ___________ ._ 3 6 
5. Sandstone, slabby ______ . _____ ... _____ .. ________ . _____ :._ .. _ 2 
4. Sandstone, massive ____________ .. _____________________ 5 

Unconformity. 
Undetermined age: 

3. Sandy shale, with macerated plant remains . _____ . 46 
2. Clay shale, gritty (from nearby well cuttings) __ .__ 71 

Bunger limestone member: 
1. Limestone ____ . _______________________ ._ 6 

146 

The top of the No. 5 sandstone is 124 feet above the Bunger 
limestone. 

These beds, particularly the fusulinid-bearing shale, can be fol­
lowed westward for a mile or m<)fe along the outcrop. Measured 
on the surface the fusulinid bed is 128 feet above the Bunger. 
Measured in the Wadley-Fluty No.1 well the interval is 131 feet. 
The measurement in the well is probably more nearly correct~ 

NO. 6 POST-BUNGER CYCLE 

In the general area of the junction of Clear Fork and Salt Fork 
of Brazos River at essentially the same horizon above the Bunger 
as the No. 5 sandstone there is an excellent example of channel­
ing. The channel is abrupt and well defined, and its south margin 
is exposed at three points at intervals of a mile. The most west­
erly of these points is north of the Stovall hot-water well; the 
next to the northeast is on the west side of the ridge north of the 
forks of Brazos River; and the third is in the head of Kickapoo 
Creek. These three p oints indicate that the margin of the channel 
trends N. 45° E. The thickness of the sandstone that fills the 
channel increases abruptly toward the northwest from nothing to 
56 feet within half a mile, the contact dipping below the flood 
plain of Salt Fork. The northwestern margin of the channel is 
not exposed, for reasons mentioned below, but the width of the 
channel was probably about I%- miles. At each of the three points 
at which the margin of the channel is best exposed the sandstone 
wedges out rather abruptly, and the limestone that immediately 
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overlies the sandstone continues only a few hundred yards until 
it apparently overlaps the shale slopes of tJle channel. At each 
locality where the sandstone begins to thin, the limestone becomes 
a mass of Campaphyllllm corals, beneath which, north of the 
Stovall hot·water well, there is a layer 2 or 3 inches thick of 
Syringa para corals. These corals apparently found the margin 
of the basin a favorable locality for growth. At the west angle 
of the ridge just north of the forks of Brazos River they are so 
numerous that they could be carried away in truck loads. 

The No.6 sandstone has very little conglomeratic material except 
toward the center of the channel, where small chert pebbles become 
fairly abundant but not to the extent of the other deposits of con· 
glomeratic sandstone previously mentioned. 

The sandstone dep,osit of this channel was immediately followed 
by the deposition of limestone, and in the central part of the channel 
the limestone takes on more the character of a limy fossiliferous 
sandstone than of a limestone. Toward the margin the limestone 
thickens to 3 'feet and becomes less sandy. It is gray, bedded, and 
dense and here contains a greater variety of fossils. In the central 
portion fusulinids are particularly abundant, but on the margin, as 
has been mentioned, the fossils are preponderantly corals. Two 
hundred yards beyond the margin of the sandstone there is neither 
limestone nor any visible break to suggest interruption of sedi· 
mentation. 

The ridge north of the Stovall oil pool follows in part the margin 
of the channel deposit and presents the rather surprising phenomenon 
of a ridge whose east face above Salt Fork is a solid bluff of sand· 
stone, in contrast to the south face, which is practically all shale. 

The interval from the No. 6 limestone to the Bunger limestone 
was determined from the logs of two wells starting on or near the 
outcrop. In the Miami·McKeen well, 1% miles north of the forks 
of Brazos River, the interval is 131 feet. In the Phillips.Laquey 
well, three·quarters of a mile farther north, the same interval 
measures 132 feet. The top of the No. 6 limestone therefore occurs 

at essentially the same horizon as the fusulinid bed of the No. 5 
cycle. The No.6 limestone, however, is closely related to and rests 
immediately upon the No.6 channel s~nds~one, whe:-eas the No.5 
limestone lies 4 feet above the fusulinid shale and 8 feet above the 
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No.5 sandstone, not distinguished by channeling. These consider· 
ations, together with the fact that the beds of one cycle cannot be 
traced into those of the other and the fact that the beds of the 
No.6 cycle as here considered have an entirely different habit of 

deposition from those of the No. 5 cycle, lead to the conclusion that 

the deposits represent separate erosion cycles in spite 'of the approx· 
imate equivalence in the horizons of their respective limestones. No 

great error, however, results to structural work if these limestones 

are correlated as one, for they occur at essentially the same distance 

above the Bunger. 

The following section shows the relation of the beds above the 

No.6 limestone on the road to the upland area north of the Stovall 

hot·water well. 

Section showing relation 0/ beds 0/ No.6 and No.7 post.Bunger cycles north 
0/ Stovall hot·water well, southern Young County. 

Pleistocene gravel: 
No.7 cycle: 

Thickness 
Feet Inches 

8. Sandstone, massive ..... ____________________ .. _____ .... _____ 3 
7_ Sandstone, thin bedded . __ .. __ .. _ .. _ ...... ____ .. ____ .. _ 4 
6_ Sandstone, massive ........ _ .......... __ .. _ .. __ .. ____ .. _______ 2 
5. Sandstone, thin bedded .. _ .. _ ...... _ .... ___________ .. __ 6 
4. Sandstone, yellowish __ .. _ .. _____ .... ________ .__ 1 

Unconformity. 
No.6 cycle : 

3. Clay shale, ironstone partings, a few thin sandy 
sheets in upper 10 feet, with plant remains .. __ .. _ 24 

2. Limestone, platy, with CampophyUum and crinoid 
stems (No. 6 cycle) ____________ .. __ .... __ .. _______ 1 3 

1. Shale, with Syringopora ...... _ .................... _ .. ____ ........ _ 1 

42 3 

The upper 16 feet (beds 4 to 8) represents unconformable deposits 
of the o. 7 cycle, by which the northwestern margin of the o. 6 

channel was dissected. The top of ' the above section is 171 feet 
above the Bunger, but the sandstone elsewhere extends indeter. 
minately higher. 

The following section measured on the west side of Kickapoo 
Creek also shows the sequence of beds conformably above the No.6 
limestone. 
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Section 0/ beds 0/ No.6 post-Bunger cycle, west side 0/ Kickapoo Creek, 
southern Young County. 

Thickness 
Feet Inches 

10. Limy sandstone, sparsely fossiliferous_______ _________ 1 6 
9. Shale _______ _______________________ 3 
8. Sandstone ___ ___________________________ 1 
7. Shale, not well exposed_____________________________________ 8 
6. Limestone, with fusulinids, sparsely fossiliferous_____ 1 
5. Sandstone ________________________ 1 
4. Shale ______________________________________ 6 
3. Sandstone, lenticular ___________________________________ 2 
2. Shale _______________________________________ 22 
1. Limestone, composed chiefly of Campophyilum coral 

(No. 6 limestone) _ _______________________ 1 

46 6 

The upper limestone of this section is 1761h feet above the Bunger, 
and the section is believed to represent the normal sequence of 
deposits of the u'pper part of the No.6 cycle. These limestones are 
present as float on the west end of the flat top of Sidney Mountain, 
which they probably overlap, and a similar deposit of sparsely 
fossiliferous impure limestone occurs at the mouth of a small ravine 
half a mile east of the Medlin ranch house, where it crops out III 

the bed of the drain and on the ridge half a mile to the southeast. 

NO.7 POST-BUNGER CYCLE 

The erosion that began the No. 7 cycle was rather general in 
extent and seems to have resulted in a maturely eroded surface, 
though it was not without deep, sharp channels. The basal deposits, 
if they may all be attributed to the same period, vary in different 
parts of the area from sandy shale and cross-bedded, sheeted, and 
massive sandstone to conglomeratic sandstone. 

In the area west and northwest of the Stovall hot-water well, 
which is half a mile west of the forks of Brazos River, the sand­
stones are massive and irregularly bedded and in many places show 
initial dips and interbedded sandy shale. In the vicinity of Graham 
and southwest toward North Tonk Creek the sandstones that seem 
to correspond in age are in general highly conglomeratic. In these 
areas the base of the beds is nowhere well exposed, but north of the 
Stovall hot-water well there is a deep, narrow channel filled with 
cross-bedded sandstone. The highest sandstone seen in this channel 
is 171 feet above the Bunger. The base is not exposed, but 55 feet 
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of sandstone was measured, and although the channel was only 300 
yards wide, its thickness, to judge by the angles of deposition and 
the slope of the basal contact, must have reached at least 70 feet. 
On the northwestern margin of the No. 6 channel the erosion begin. 
ning the No. 7 cycle cut to an undetermined depth and removed the 
marginal deposits. 

On account of the absence of continuous exposures and of well 
logs in this area, the only evidence as to the maximum thickness 
and top of the No.7 sandstone deposit is in the narrow channel north 
of the Stovall hot-water well. If the conclusions are correct as to 
the relations of the deposits in the various areas, there are probably 
localities as yet undiscovered or not exposed where this sandstone 
is of even greater thickness. The precise interval to the top of the 
sandstone deposit above the Bunger also is somewhat in doubt, but 
it is not less than 171 feet. 

The sandstone and conglomerate of this cycle were followed, as 
usual, by the deposition of limestone. This limestone is, however, 
discontinuous in outcrop and of varying thickness, by reason of 
the severe erosion that followed the o. 7 cycle. ' The No.7 lime­
stone was deposited in several beds separated by shale and is in 
general gray, crystalline, and very fossiliferous, but as most out­
crops are rather dense, fossils do not weather out freely from the 
matrix. The outcrops, however, vary considerably in their charac­
teristics, some being sandy and others earthy or semicrystalline. 
The beds exposed on the crest of the high hill 2 miles southwest 
of South Bend are rather sandy and semicrystalline, as they are also 
in some places west of the Stovall oil pool and 1 mile above the 
mouth of Medlin Branch. At all these localities there are large 
numbers of fusulinids, particularly in the interbedded limy shale 
beds. The exact horizon of the base of the No.7 limestone . is not 
accurately determinable, but as the No.7 sandstone extends upward 
to at least 171 feet above the base of the Bunger, the No.7 lime­
stone is certainly not less than 175 feet and probably more than 
180 feet above it. 

In the area east of Graham a gray crystalline fossiliferous lime­
stone bed crops out on the Graham-Jacksboro highway 2 miles west 
of the Jack County line. This bed is the lowest of a group of limestone 
beds, one or more of which is generally exposed in that area. The 
Root and Root-Shanafelt No. 1 well, south of the highway and a 
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mile west of the Jack County line, starts on the lowest of these beds, 
whose base is thus known to be 190 feet above the Bunger. 

On the highway this limestone bed is underlain by 17 feet of 
shale, which rests in apparent conformity on a thick conglomeratic 
sandstone that is thought to be the basal deposit of the No.7 cycle. 
This group of limestone beds is considered to belong to the No.7 
cycle, although its interval above the Bunger is somewhat greater 
than estimated near the Stovall hot-water well, 15 miles distant. 
The group is unconformably overlain by reddish sandstone, which 
cuts out the higher limestone beds of the group. This sandstone may 
represent the Avis sandstone, but more probably it is the basal 
deposit of the younger (No.8) cycle. 

At the Holmac-Logan well, on the J. Poitevent survey A-288, 
8lh miles northeast of Graham, the base of the lowest of these No.7 
limestone beds crops out just above the top of the well and is 
underlain by sandstone 8 feet lower. 

NO . 8 POST-BUNGER CYCLE 

Sandstone.-Along Brazos River the outcrops of the No. 7 cycle 
are unconformably overlain by Wayland shale, which is in turn 
overlain unconformably by Avis sandstone. In the area about 
Graham the No.7 limestone has been completely removed by pre­
Wayland erosion. 

In the area east and north of Graham a series of beds not present 
above the beds of No. 7 cycle in the Brazos River area intervenes 
below the Wayland shale and the Avis sandstone. At the Root and 
Root-Shanafelt well and in the area between it and the Holmac­
Logan well, sandstone at the base of the beds of the No.8 cycle is 
present at varying intervals above the No. 7 limestone; west of 
Dakin switch the sandstone cuts out the No. 7 limestone. Where 
present, the No. 7 limestone is followed unconformably in places 
by as much as 50 feet of conglomeratic sandstone, though it is in 
most places thinner. This sandstone resembles the Avis sandstone, 
and where the two come together, as they seem to do north of Dakin 
switch, they cannot be distinguished. This sandstone is in some 
places overlain by a group of limestone beds at least 30 feet thick, 
whose base, as nearly as can be determined, is 252 feet above the 
Bunger limestone and which extends upward in places to 283 feet 
or more above the Bunger. 
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Rocky Mound limestone member.-The group of limestones of 
the No.8 post-Bunger cycle is herein named the Rocky Mound 
limestone member. It crops out conspicuously on the southwest 
slope of Rocky Mound, where it is erratically overlain by Avis 
sandstone. The sandstone lies in pockets on the limestone but 
appears to be interbedded with it. In the ravines between Rocky 
Mound and the Loving highway, a mile to the northwest, the lime­
stone is well exposed at several points where thicknesses of 33 feet 
and 35 feet 'were measured. Good exposures also occur a quarter 
of a mile west of the Loving highway, where it is overlain uncon­
formably by Avis sandstone. One of the beds of this member crops 
out conspicuously on the Loving highway half a mile farther north, 
where it forms a dip slope in the road ditch. Some part of the Rocky 
Mound limestone is also exposed in Flint Creek, still farther north. 
Other outcrops of the Rocky Mound occur in the drain below the 
Slick-Robertson well 2 miles north of Rocky Mound, though it is 
not recorded in the log of the well. The Cheney et al.-Harrison well 
started on one of these beds. There are many outcrops of these beds 
around the north end of Eddleman Lake, 3 miles north of Graham, 
where it is not overlain by Avis sandstone. At the southeast corner 
of the lake limestone beds underlying the . Avis sandstone at one 
place contribute to 'its basal conglomerate and may belong to this 
member. 

The Rocky Mound limestone beds are in general gray, crystalline, 
and fossiliferous and contain a good many fusulinids. They do not 
resemble lithologically the older limestone beds of Graham age. 
They are not unlike some phases of the limestone of the No.7 post­
Bunger cycle whose outcrops in the northern area contain fewer 
fusulinids. The only place in which a continuous section could be 
examined in detail is 4 miles west of the Jack County line, 2 miles 
north of the railway, and half a mile west of the Holmac-Logan 
well, on the J. Poitevent survey, where the following composite 
section was measured: 

Section 0/ beds 0/ No.7 and No.8 post-Bunger cycles near Holmac-Logan 
well, eastern Young County. 

No. 8 post-Bunger cycle: 
Rocky Mound limestone member (29 ft. 9 in.): 

Thickness 
Feet Inches 

17. Limestone, light-colored, crystalline, fossilifer-
ous ; weathers light gray 3 
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Thickness 
Feet lnchel 

16. Not exposed, probably shale__________________________ 8 
15. Limestone, dark, earthy, fossiliferous, many 

fusulinids; weathers dark brownish_______ 1 6 
14. Limy sandstone _________________ 3 
13. Shale, yellowish ___________________ 4 
12. Limestone, dull gray, finely crystalline, many 

broken fossils; weathers dark dove-gray_____ 2 
11. Limy shale and thin beds of light-colored lime-

stone ___________________________________________ 8 

10. Limestone, dull gray, earthy, fossiliferous, 
some fusulinids ·mottled with limonite; 
weathers light gray_________________ 2 

9. Limestone, dark, coarsely crystalline, fossilifer-
ous, ~spe~i~lly crinoids; weathers yellowish 
and IImomtIc _ _______________ _ 

8. Sandstone and conglomerate, yellow to brownish at 
top, in part shaly at base________________________ 50 

Unconformity. 
No.7 post-Bunger cycle: 

7. Limestone, gray, weathering light in upper bed and 
dark in lower bed, finely crystalline; carries fossils 2 

6. Shale, red _________________________________ 3 
5. Not exposed _______________________________ 1 
4. Top of Holmac-Logan log. 
3. Not reported ________________ _ ___ 8 
2. Sandstone __________ 22 
1. Limestone of log {probably conglomerate} ____ 13 

Interval to top of Bunger limestone member in log. ____ 157 

285 9 
Bunger limestone member__________________________ 5 

Owing to the steep dips and the distance of the exposures from 
the Holmac-Logan well, the relation of the section measured on the 
surface to that t~ken from the well log is not exact but is essentially 
as shown . 

. The Smor-Robertson well was drilled on the crest of Rocky Mound 
a quarter of a mile southeast of the road. It started near the base of 
the Avis sandstone, where it rests unconformably on or hear the 

base of the Rocky Mound limestone. The log is not a good log, 
but it shows the position of the Bunger limestone and so indicates 
250 feet as a close approximation of the interval from the base of 
the Rocky Mound limestone to that datum. This interval is approx­
imately confirmed by other logs in the area, though, as no careful 

records seem to have been kept of the first 100 feet in any of the 

logs, the data are not entirely satisfactory. 
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The following list of wells shows the interval from the base of 
the lowest Rocky Mound limestone bed in or near the indicated wells 
to the Bunger limestone: 

Thickness 
Feet 

Holmac-Logan well, 71f2 miles northeast of Graham (accuracy 
of surfllCe interval in _question ) ________________________________ 256 

Cheney et al.-Harrison well, 5 miles northeast of Graham (may 
not be lowest bed of group L ___________________________ ..;-_________ 278 

Smor-Robertson well, 4 miles no{theast of Graham on Rocky 
Mound (from surface to Bunger limestone) __________________________ 255 

United Royalties-Wallace well, 41f2 miles northeast of Graham __ 268 
Casey, Mercier-Jeffery well, 4 miles northwest of Graham, north 

of Eddleman Lake ______________________________ 282 

On account of its nearness to the outcrop, the best estimate of the 
interval seems to be furnished by the Smor-Robertson well, and it 
is believed that the base of the Rocky Mound limestone member is 
not less than 250 feet above the Bunger limestone. The thickness of 
the Rocky Mound member is at least 35 feet_ How much thicker 
this member may once have been, or what higher beds may originally 
have been deposited above it, cannot now be determined in this area_ 
It was no doubt originally overlapped by the Wayland shale, but 
this was very generally removed from the crests by the succeeding 
pre-Avis erosion, and in most of the outcrops it is now overlain 
unconformably by Avis sandstone. 

The sequence of sandstones and limestones from the No_ 7 lime­
stone to the top of the Rocky Mound limestone member is seldom 
exposed_ About all that is known concerning the beds of this interval 
is that the 0 _ 7 limestone deposit is overlain unconformably by 
conglomeratic sandstone in some places and by sandy shale in others, 
and that these deposits are followed by the Rocky Mound limestone 
member extending from about 250 to 285 feet above the Bunger. 
Massive sandstones occur below the outcrops of the Rocky Mound 
limestone on the northeast side of Lake Eddleman and half a mile 
west of the Holmac-Logan welL 

On Rocky Mound the surface relations of these beds, as shown 
in figure 3, is complicated by the presence of a strong southwest 
dip and by a fault or series of faults along the northeast side of the 
ridge_ The fault, which has a strike of N_ 40° W_ and a displacement 
of 35 feet downward on the northeast side, brings conglomeratic 
sandstone of uncertain age to the bed of the creek at the roadside_ 
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This sandstone crops out along the northeast side of Dry Creek and 

may be followeq to a point above the railroad track where it r ests 

unconformabl y upon the Wayland shale. It is possible that some 
of the confusion in the iden tity of this bed results from the contact 

of the Avis sandstone with pre-Rocky Mound conglomeratic sandstone. 
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Fig. 3. Diagrammatic cross section through Rocky Mound, 3 miles northeast 
of Graham, Young County, Texas. By Wallace Lee. 

On the southwest side of Dry Creek the basal bed of the Rocky 
Mound limestone is underlain by shale containing several super­

posed lenticular bodies of sandstone in sandy shale. Near the road 
these sandstone bodies are thick, but toward the southeast end of 

Rocky Mound they finger out, and the Rocky Mound limestone is 

underlain by sandy shale. 

NO. 9 POST-BUNGER CYCLE 

Channel Deposi ts 

After the deposition of the Rocky Mound limestone, the region 
was subjected to deep and long-continued erosion, for beds from 
No. 7 cycle up to the Rocky Mound limestone were very generally 

removed throughout southern Young County and northern Stephens 
County. The erosion cut deep just west of Graham, where a sharp, 

deep channel was cut to a depth within 62 feet of the Bunger lime­
stone, a horizon which is 225 feet below the crests of the buried hills 
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capped with Rocky Mound limestone. This relief is greater than that 

in the same region today and apparently reached. a state of topo­

graphic maturity, leaving the Rocky Mound limestone capping a 

ridge or series of buttes. 

The channel west of Graham is filled with well-laminated sandy 

shale to a depth of 98 feet below the base of the Wayland shale 

member. This channel filling is followed conformably by a lime­

stone bed at the base of the Wayland. The channel deposit, whose 

base is exposed for 100 yards between the creek bank and the 

railroad track near the southwest corner of Graham, begins with 2 

feet of conglomerate that contains chiefly chert pebbles but also a 

great many pebbles of gray fossiliferous limestone. The chert 

pebbles ·have probably been derived from the earlier conglomeratic 

sandstones that were exposed nearby on the bottom and sides of 

the channel. The limestone pebbles are gray, dense, and fossilifer­

ous· and contain fusulinids. The beds are unlike any other lime­

stone beds of the Graham formation except those of the Rocky 

Mound limestone member, whose base is stratigraphically 190 feet 

higher. 

The channel deposits of No. 9 cycle are well exposed on the 

bluffs west of Graham and in the ravine followed by the Graham­

Breckenridge highway. Unlike the earlier channels of the Graham 

formation this channel is filled with finely laminated sandy shale 

containing varying amounts of , comminuted plant material. In 

some places it contains beds of laminated fine-grained sandstone 

3 to 6 feet thick, but these deposits form only a small part of 

the total thickness. On the margin of the channel near the forks 

of the road west of Graham the sandy shale a few feet below the 

limestone contains thin sheets of coal in the shale partings. 

The thickest observed section of the No. 9 channel deposits 

occurs on the bluff west of Salt Creek, opposite the southwest 

corner of Graham, though the best exposures are farther north, 

near Graham Dam. The following composite section was measured 

on the bluff west of the basal limestone conglomerate; the details 

have been filled in from outcrops farther north: 
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Section 0/ deposits 0/ No. 9 post·Bunger cycle west 0/ Graham, Young 
County. 

No.9 post-Bunger cycle: 

Thickness 
Feet 

8. Limestone, basal bed of the Wayland shale member, 
No. 9 limestone ______________________________________________ 1 

7. Shale, sandy, laminated; plant remains_________________________ 13 
6. Sandstone, fine, laminated ______________________________________ .______ 4 
5. Shale, sandy, laminated; plant remains_____________________ 41 
4. Sandstone, medium grained, laminated ____________ ;-_____ 6 
3. Shale, sandy, laminated; plant remains; not all exposed _ 31 
2. Conglomerate, with chert and limestone pebbles_____ 2 

Unconformity. 

98 
No.2 cycle (?): 

1. Conglomeratic sandstone _______________________________________ 15+ 

The fact that this shale-filled channel might not have been 
observed had the exposures in the neighborhood of Graham not 
been so good, suggests the possibility that shale-filled channels may 
exist elsewhere and that they may be more common than their 
infrequent discovery would indicate. 

The material filling the channel and overlapping its margin is 
followed conformably by a yellowish earthy fossiliferous lime­
stone 6 to 12 inches thick, which at this place forms the base of 
the Wayland shale member. Attention was first called 'to the uncon­
formable relations of these deposits by the presence at the forks 
of the road 1 ~ miles west of Graham of worn knobs of conglom­
eratic sandstone sticking up through the enveloping laminated shale. 
At the point south of the road a mass of conglomeratic sandstone 
reaches within 10 feet of the horizon of the overlying limestone. 
On the other side of the road, only 200 feet distant and 20 feet 
lower, the unconformable surface is still below the road ditch. 
Several other knobs of conglomeratic sandstone are well exposed 
in the same vicinity. 

Wayland Shale Member 

Lithology.-The Wayland shale, the upper part of the deposits 
of the No. 9 post-Bunger cycle, consists primarily of a series of 
clay shales with some thin partings of earthy limestone. The shales, 
contrary to the current descriptions of the Wayland shale, are for 
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the most part not fossiliferous, but the member contains bands of 
very highly fossiliferous shale, generally but not invariably in 
close association with thin beds of earthy limestone. The shale 
contains a few thin lenticular layers of sandy shale, and north 
of Dakin switch and on the southwest side of Rocky Mound there 
are thin deposits of leaf-bearing black fissile shale not seen elsewhere. 

The limestones of the Wayland shale, of which three are recog­
nized, are simi liar in lithologic character. They are all thin; the 
greatest thickness of any bed seen is less than 2 feet, though on 
Rocky Mound one of the beds is split locally by a 3-foot bed of 
fossiliferous shale. They are all earthy and weather yellowish. 
Where conditions are favorable they weather to smoothish plates 
and slabs, but where the drainage is poor the beds break down 
into flakes. The limestone beds are all extremely fossiliferous, and 
many outcrops contain considerable numbers of fusilinids. The 
shales adjacent to the limestone beds are in general also highly 
fossiliferous, and the slopes below the outcrops are usually lit­
tered with a great variety of well-preserved fossils. The only dis­
cernible difference between the beds lies in the assemblages of 
fusilinids. 

Although the limestone beds of the Wayland shale member are 
well exposed and easily followed in surface outcrops, they are 
almost never recorded in the well logs. This omission is in part 
due to the fact that they are thin and in part to the fact that 
until they are weathered they do not take on the appearance of 
limestones. This is clearly indicated by a fresh outcrop in Clear 
Fork of Brazos River below the bridge at Eliasville. Here the 
limestone exposed in a recently caved bank just above the bed of 
the stream is black and, though limy and fossiliferous, has much 
more the appearance of a black shale than of a limestone. It is in 
this condition where it is penetrated by the drill. Farther down­
stream, where the exposure is higher on the bank, the limestone 
has the typical yellowish earthy appearance. 

No.9 limestone.-The lowest of the three limestone beds in the 
Wayland is referred to on the maps and sections as No. 9 lime­
stone. It is the first limestone observed above the filling of the 
No. 9 channel near Graham and has been referred to by some 
authors as the Gunsight limestone, but it seems to have little in 
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common with the Gunsight save its presence at the base of the 
Wayland shale member. 

The No. 9 limestone is, in most places, less than 1 foot thick. 
It is traceable almost continuously from Graham to the head of 
Kickapoo Creek, where it overlaps the eroded surface of the 
deposits of the No. 6 cycle. It is present on the hills in the town 
site of Graham and to the north. East of Graham it is believed 
to be represented by outcrops on the hill east of the Morrison 
oil pool and at the base of the hill west of the Graham-Loving 
road, where it is thin. It may be represented in a thin bed at the 
base on the southwestern s'ide of Rocky Mound, about half a mile 
from the highway, but the fusulinid assemblage at this point is 
not entirely diagnostic. 

In the immediate vicinity of Graham, according to somewhat 
unsatisfactory well logs, the No. 9 limestone appears to be only 
about 160 feet above the Bunger limestone, but toward the south­
west the interval is thicker-179 feet at the Texas-Killion well, 3V2 
miles southwest of Graham, and 175 feet at the Kouri-Seddon 
well, near the head of Kickapoo Creek. On the ridge east of the 
Morrison oil pool, east of Graham, the interval as shown in well 
logs appears to be about 195 feet to the Bunger, and where the 
Wayland overl~ps the Rocky Mound buried ridge, if the identifi­
cation is correct, the interval is even greater. The variations in 
the interval are probably to be attributed to the unconformity at 
its base, greater compaction of the basal deposits of the No. 9 
cycle having occurred over channel deposits than over buried hills. 
However, the two occurrences east of Graham may represent lime­
stone lentils in the Wayland shale above the horizon of the No.9 
limestone. The assemblage of fossils distinguishing the No.9 lime­
stone was not observed southwest of Kickapoo Creek except at a 
point 1 liz miles southeast of Eliasville. This limestone is prob­
ably the one that crops out in the bed of Clear Fork at Eliasville, 
for, though no fusulinids were collected at this place, the interval 
from this bed to the Ivan limestone is normal. 

No. 9a limestone.-Limestone No. 9a was first encountered north 
of Clear Fork of Brazos River, on the butte north of Graham 
Lake. It is in nearly all respects similar to the No. 9 limestone 
but differs by having a different assemblage of fusulinids, by its 
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occurrence at that point at an interval considerably higher above 
the Bunger, and by the difference in the character of the associ­
ated shales. In the northern area the No.9 limestone is overlain 
by 10 to 12 feet of fossiliferous shale, whereas the No. 9a lime­
stone has practically no fossi liferous shale above it. The number 

of fusulinids in the No. 9a limestone is in many places consider­

ably less than in the No.9 limestone, and in some outcrops they 

are scarce. The locality at the butte north of Graham Lake is an 

exception in this respect. 

Lloyd G. Henbest, in reporting on the two groups of fusulinid 

collections, one from areas shown on the map as No.9 limestone 

and the other from localities shown as No. 9a limestone, says: 

Sufficient differences in the faunas of these horizons exist to warrant the 
supposition that they are slightly different in age. . . . [The collections from 
the southern area (the No. 9a limestone)] contain Triticites beedei, T. secalicus?, 
Triticites? (d. "sp. N" on chart, a peculiar, distinct new form); Triticites sp. 
(d. "sp. 1" on chart); and T. plummeri var.? (the inflated fusiform type of 
this species). T. beedei is the most abundant of the lot. [In the horizon repre· 
sented by the collections in the northern area (the No.9 limestone)] a typical 
Triticites plummeri association was found. T. plummeri (spherical form) and 
T. plummeri var.? are prominent though not always numerous members of the 
fauna. Large numbers of typical T. moo rei and very few T. beedei; T. n. sp. 
aff. T. secalicus; and Triticites n. sp.? compose this assemblage. 

The fusulinid collections west and south of the forks of Brazos 

River to a point 3 miles north of Ivan, in northern Stephens County 

(a distance of 7 miles), indicate that all the limestones of the Way­
land outcropping in this area are those of the TO . 9a limestone 

except one at the point on the county line 1112 miles southeast of 

Eliasville, already mentioned, which contains the fusulinid assem­

blage of the No. 9 limestone. 

The absence of No.9 limestone in the area above mentioned is 

attributed to the overlap of the Wayland shale on an eroded sur­

face, although the detailed relations toward the south were not 

studied. Unfortunately no section could be found in which these 

two beds were both exposed. As the No. 9a limestone is definitely 

absent in the excellent exposures west of Tonk Valley School, it 
appears to be lenticular. 
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On the hill 1 mile north of Graham and also northwest of the 
Texas-Killion well, 1 Y2 miles southwest of Graham, float lime­
stone of the type found in the Wayland shale member occurs in 
the talus of the Avis sandstone above the outcrop of the No. 9 
limestone. Though not seen in place, the float is thought to indi­
cate the presence of the No. 9a limestone (or another lenticular 
bed) in those places or its incorporation in the basal deposits of 
the Avis, from which pieces are released by weathering. 

No. 9b limestone.-On a high bluff 11/2 miles due west of Tonk 
Valley School, there is a limestone bed in the Wayland shale 76 
feet above the No. 9 limestone and 251 feet above the Bunger. 
This bed is similar in appearance to the earlier limestones of the 
Wayland shale. It crops out around the southern and western 
sides of a ridge, at whose extremities it is cut out by the uncon­
formity at the base of the Avis sandstone. This bed is distin­
guished by an assemblage of fusulinids unlike those contained III 

No.9 or No. 9a limestones. Mr. Henbest reports that 

the fu sulinids in 9b and 9a limestones have several species in common, but in the 
collections that I have seen the more abundant species of one are rare or incon­
spicuous in the other. For instance, Triticites beedei shares prominence equally 
with T. moorei and T. plummeri in the No.9 limestone. In the No. 9a lime­
stone it greatly outnumbers all other species combined. In No. 9b it is rare 
or sometimes absent. T. plummeri is rare in No. 9b limestone. The very large, 
more elongated form of T. plummeri and the large species of Triticites (cf. 
"sp. J" on chart) are the most prominent members of the 9b assemblage. The 
peculiar Triticites? ("sp. N" on the chart) is common in the No. 9a lime­
stone, but only one specimen has been found in the 9b (d. collection 675). 

The No. 9b limestone is definitely absent from the thick Way­
land section exposed at Eliasville, but fusulinids collected from a 
limestone bed outcropping on the south side of Rocky Mound at 
the same distance above the Bunger as the outcrop west of Tonk 
Valley School were examined by Mr. Henbest, who finds that the 
limestones should be correlated. Most of the outcrops west of Tonk 
Valley School contain considerable numbers of Campophyllum 
torquium, but these are not present on Rocky Mound. 

The following section of Wayland shale was measured on the 

southwest side of Rocky Mound, southeast of the highway, 3 miles 

from Graham: 
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Section of Wayland shale member on southwest side of Rocky Mound, 3 
miles northeast of Graham, Young County. 

Thickness 
Feet Inches 

No.9 post· Bunger cycle: 
10. Shale, gray, not fossiliferous _ _ ______ ._ __ 5 

9. Limestone, earthy, light brown to yellowish; breaks 
down in places to flaky chips; fossiliferous, many 
fusulinids; No. 9b limestone (upper part) _ _ 1 

8. Shale, yellowish, fossiliferous . ____ ._____________________ 3 
7. Limestone, similar to above but less resistant; No. 

9b limestone (lower part) '-______________ 1 
6. Shale, sandy and gritty, with thin sandstone partings, 

in places very fossiliferous.______________________ 16 
5. Clay shale, typical Wayland type, with clay ironstone 

partings __________________ ______________________________________ 9 
4. Fissile shale, black, · with good leaf impressions _____ 3 
3_ Clay shale with clay-ironstone partings, fossiliferous 14 
2. Limestone, earthy, with many fu sulinids and other 

fossils, broken down in weathering; possibly repre-
senting No_ 9 limestone_________________ _ ___ _____ 3 

1. Clay shale ______________________ ________________________ 5 

Outwash deposits and alluvium. 

54 6 

The exact stratigraphic pOSItIOn of this section of the Wayland 
shale above the Bunger limestone was determined by the fact that 
beds 7 and 9 of the above section overlap the Rocky Mound lime­
stone member at or near its base. Bed 9 of the section (determined 
by Mr. Henbest to be the No. 9b limestone) is therefore thought to 
be about 250 feet above the Bunger. This corresponds closely with 
the horizon of the No. 9b limestone on the bluff west of Tonk Valley 
School. The fusulinids from bed 2 of the section do not identify it 
unqualifiedly with the o. 9 limestone, and its position only 39 
feet below the No. 9b limestone suggests that it may possibly repre: 
sent the o. 9a limestone or, as it is .thin, a local and lenticular 
bed not present farther south. 

On Rocky Mound, west of the bend in the road half a mile south­
west of the school, beds 7 and 9 of the above section are closely 
overlain unconformably by Avis sandstone, which cuts them out 
within 300 yards along the outcrop. 

The limestone bed in the Wayland shale north of Dakin switch, 
5 miles east of Graham, although a single bed, was considered in 
the field to be the equivalent of the higher limestones (beds 7, 8, 
and 9 ) of the Wayland shale of the Rocky Mound section because 
both beds are about the same distance above a black, leaf-bearing 
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fissile shale bed. The fusulinid assemblages, however, seem to indi­
cate that the bed at Dakin switch should be correlated with bed 2 
of the Rocky Mound section, which was described by Mr. Henbest 
as resembling limestone No.9 but which may be a local limestone 
lens slightly higher in the section. 

The greatest thickness of the Wayland shale was measured on the 
ridge on the head of Choate Creek, which flows west 2 miles west 
of Tonk Valley School, where 33 feet of shale was measured above 
the No. 9b limestone bed, so that in this locality 110 feet of Way­
land shale, including !he No. 9 limestone, is present, reaching at 
least 284 feet above the Bunger. It is overlain here by Avis sandstone. 

Except where it overlies the channel deposit near Graham, the 

Wayland shale is unconformable on the underlying beds. In the 
head of Kickapoo Creek, where the interval down to the Bunger 

is 175 feet, the No. 9 limestone overlaps on the eroded surfac~ of 
deposits of the No. 6 cycle. The following two sections, less than 

100 yards apart, measured above the same bed a short distance north 

of the road crossing the head of Kickapoo Creek, show the occurrence 

of overlap at that point. 

Sections 0/ beds at horizon 0/ the No. 9 li,nestone at head 0/ Kickapoo 
Creek. 

No. 9 post.Bunger cycle: 

Thickness 
Feet 

Limestone (No.9 limestone) ___ 1 
Gray shale___________________ 4 
Red and green shale__________ 4 

No.6 post-Bunger cycle: 
Limestone (No. 6a limestone) __ 1 

10 

No. 6 post-Bunger cycle: 

Thickness 
Feet 

Sandstone and shale____ 4 
Sandstone _________________ 3 
Shale, gray _____________ 3 
Limestone (No. 6a limestone) 1 

11 

At Rocky Mound the Wayland shale overlaps on the buried ridge 
already described. North and east of Dakin switch no outcrops of 
Wayland shale were found, and in this area they apparently over­

lapped the buried ridge capped by the Rocky Mound limestone and 
where deposited along the contact were later eroded. Unconformity 
at the base of the Wayland shale is also shown in the following sec­
tion, measured on a butte half a mile north of Graham Lake and 

1 V2 miles west of the Stovall hot-water well. 
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Section half a m.ile north of Graham Lake, Y onng County. 
Thickness 

Feet Inches 

Thrifty formation: 
Avis sandstone member: 

19. Sandstone, not conglomerate ___ ............................ _ ...... _ 16 

Graham formation: 
No. 9 post· Bunger' cycle: 

Wayland shale member: 
18. Not exposed .... _ ... _ ._ .. _ ...... _._ .. _ ... _ .... _ ... _____ ._ 4 
17. Talus, in part clay shale ... __ .. __ ........ ____ .. _ ... _. 21 
16. Clay shale with clay·ironstone partings, part not 

exposed, no fossils noted ......... ____ .. _ .............. 34 
15. Limestone, earthy, yellowish to brownish, very 

fossiliferous, many fusulinids, breaks down in 
flakes (No. 9a limestone) ___ ._ ... _ .... _. __ ._ 6 

Pre.Wayland deposits of No.9 cycle: 
14. Shale, gray .. __ .. ____ ...... ___ .. _ ...... _. ___ .................. 2 
13. Sandstone, gray, cross· bedded ; base unconform· 

able __ ._._ .... _ ... __ ...... _ .. _ .. _ .. _ .. _ .... ___ .... __ ... _.. 3 
12. Sandstone, fine grained, and sandy shale, lami· 

nated; bas plant remains .... _ .. .:... ___ ............ __ 4 
11. Shale, red and green streaked and spotted ...... _ . 11 
10. Shale, red and purple; clay·ironstone concre· 

tions with plant fossils .. __ .. _ .. _ .. __ .. __ .......... _ 8 

No. 7 post·Bunger cycle : 
9. Limestone, gray, sandy; base very fossiliferous; 

crowded throughout with fusulinids, some Fora· 
minifera; weathers to hard bluish bed or leaches 
to soft brownish sandstone (No. 7 limestone) __ .. __ 2 

8. Limestone, lumpy and earthy, not fossiliferous, in 
part crystalline; weathers reddish and sandy .. __ .... __ 1 

7. Covered, partly olive·green clay shale ...... ____ ... _____ 4 6 
6. Sandstone, soft, gray, with sandy shale partings ...... _ 7 6 
5. Shale, olive·green, and sandstone, dirty gray .... __ .. _ .. _ 3 
4. Shale, olive·green; weathering gray ... _._ ............. _ ...... _ 5 
3. Shale, purple _ .. __ ......... ___ .. _._._. ______ .. _____ .. _. 1 
2. Shale, olive·green, gritty ... _ .... _ .... _ ...... _ .... __ ........ ___ .... _.. 6 
1. Sandstone, white, ripple·marked; plant remains .... ___ 3 

128 3 

Bed 9 of the above section is the No.7 limestone. Bed 15 is the 
No. 9a limestone of the Wayland shale member and lies 28 feet 
higher. The No. 7 limestone is at least 171 feet and may be 180 feet 

or more above the Bunger, so that the No. 9a limestone is about 30 
feet above the normal horizon of the Jo. 9 limestone, which is absent. 

The following fossi l plants were collected from bed 10 of the 
above section and identified by C. B. Read, of the United States 
Geological Survey: 
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Pecopteris cf. P. arborescens (Schlotheim) Brongniart 
Pecopteris lamurensis Heer 
Pecopteris unita Brongniart 
Pecopteris feminaeformis (Schlotheim) Stenel 
Pecopteris hemetelioides Brongniart 
Pecopteris polymorpha Brongniart 
Pecopteris sp. 
Pecopteris oreopteridia (Schlotheim) Sternberg 
Annularia stellata (Schlotheim) Wood 
Artisia sp. 
Cordaites sp. 
Cardaicarpon sp. 

This collection is very high in the Graham formation and was 
reported on at the same time as the collection from below the Salem 
School limestone, at the base of the Graham. Referring to both 
collections, Mr. Read reports: 

The collections are clearly la te P ennsylvanian. There is not enough material 
to define carefully the horizon in terms of the Appalachian section. I do not 
believe, however, that these plants ·represent highest Pennsylvanian. The horizon 
is more likely middle Monongahela. Certainly there is little in the collections 
that is suggestive of close proximity to the Permian. 

GUNSIGHT LIMESTONE MEMBER 

The Gunsight limestone, named for its exposure at Gunsight 

post office, in southern Stephens County, has not been identified in 

southern Young County. At the type locality and farther south it 
occurs in two beds separated by shale. Both the beds are gray, 

dense, and fossiliferous, and the lower bed particularly is well 
known for its abundant Campophyllum corals, though they are not 

. conspicuous at the tYPIl locality. 

At the type locality4 the Gunsight is overlain by the Wayland 

shale, at whose base occurs a bed of yellowish earthy highly fos­
siliferous limestone typical of the thin limestones of that member. 
Toward the north, to the east of Breckenridge, the Gunsight is cut 
out by an unconformity at the base of the Avis sandstone, and 

northeast of Breckenridge it is generally absent and cannot be 
traced on the surface into northern Stephens County. In this area 
and in southern Young County the earthy limestone bed of the 
Gunsight area or a similar one in the base of the Wayland has 

'Plummer, F. B., and Moore, R. C., Stratigraphy of the Pennsylvanian formatioDs o f north­

central Texas: Univ. Texas Bull. 2132, p. 135, 1921. 
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been correlated with the Gunsight, though it has nothing in common 
with that member except its position at the base of the Wayland. 
This bed is strikingly different lithologically from the Gunsightr and 
its fossils are those of the Wayland shale. 

It has not been possible to identify the Gunsight limestone with 
any of the many limestone beds of southern Young County. The 
No.3 limestone exposed in Duff Branch at 105 feet above the Bunger 
appears to be the most plausible correlative from its stratigraphic 
relations, but the fusulinids from the Gunsight outcrops in the Colo­
rado River area 120 miles distant, examined by Mr. Henbest, are 
insufficient for close correlation. Lithologically the Rocky Mound 
limestone most closely resembles the Gunsight, but there are strong 
objections to correlating them. 

THRIFTY FORMATION 

The Thrifty formation begins with the Avis sandstone member, a 
thick deposit of sandstone, which, in many places, is extremely 
conglomeratic. This sandstone has an unconformity at both top and 
base (PI. III). The remainder of the Thrifty formation consists 
chiefly of shale and thin lenticular sandstones. It contains, in the 
upper part, several beds of limestone, including the Ivan and Blach 
Ranch members and at the top the Breckenridge limestone member. 
The Thrifty contains some coaly streaks near the top. After the 
erosion of the top of the Avis sandstone there was little major inter­
ruption to sedimentation. As the formation is bounded below by an 
unconformity, the thickness is variable, ranging from 117 feet near 
Rocky Mound to 215 feet near Graham. The top of the Brecken-. 
ridge is 402 feet above the top of the Bunger. 

Avis sandstone member.-The deposition of Wayland shale, the 

top member of the Graham formation, was followed by a period 
of prolonged erosion, during which the Wayland shale was widely 
and deeply dissected, and the ridge underlain by the Rocky Mound 
limestone was again exposed. At Eliasville the surface on which the 

A vis sandstone member was deposited was 250 feet above the Bunger 
limestone. On the ridge west of Tonk Valley School its surface was 

at one point 281 feet above the same datum, but at Graham, on the 
bluff above the dam, the Wayland was eroded to a depth of 187 
feet above the Bunger, and in places near the south end of Lake 
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Eddleman, 2 m~les north of Graham, it seems probable that the pre­
Avis surface may have been even lower. The relief of the pre-Avis 
surface in southern Young County was therefore at least 94 feet. 

The Avis sandstone member, which was deposited on this surface, 
consists essentially of sandstone containing in many localities and 
at different horizons great quantities of chert pebbles entirely simi­
lar to those deposited in many of the sandstones of the Graham 
formation. The Avis, though composed chiefly of sandstone and 
conglomerate, shows breaks of sandy shale and a little gritty clay 
shale in several localities, notably north of Eliasville. At a few 
places, as at the south end of Lake Eddleman, near Graham, uncon­
formities can be seen between different parts of the Avis itself. It is 
not unlikely that the period of aggrad~tion was interrupted, at least 
once, by erosion, but the tendency of the Avis to form talus slopes 
seldom permits a sufficiently detailed examination of the outcrops 
to determine the internal history of the member. 

The top of the Avis also is irregular, and it appears that after 
deposition the sandstone was subjected to deep erosion, for the inter­
val between its top and the Blach Ranch limestone member differs 
greatly from place to place. On the west side of Salt Fork, at 
McCann Bridge, the top of the Avis is only 12 feet below the top 
of the Blach Ranch limestone, whereas 2 miles west of Graham it 
is 125 feet below the same datum, its upper surface thus having a 
relief of at least 113 feet. A mile northwest of Eliasville the Avis 
deposit consists of only 10 feet of sandy shale at 75 feet below the 
Blach Ranch limestone. This thin section of Avis is overlain by 
the thickest section of post-Avis deposits observed in the Eliasville 
area. Similar relations also occur near Graham, where the Avis 
is relatively thin but is followed by a thick post-Avis section. North 
of Lake Eddleman and northwest of Rocky -Mound, erosion has 
stripped the Avis from parts of the area. 

The irregular surface at the top of the Avis is shown in Plate III. 
The Avis was no doubt built up of coarse materials deposited by 
streams, but this origin is inadequate to account for its irregular 
upper surface. It is concluded, therefore, that after the inequalities 
of the pr~-Avis . surface were smoothed by deposition, the region 
was again subjected to widespread and deep erosion, at the end of 
which the relief must have been as great as in parts of the- same 
region today. The post-Avis erosion resulted in the removal of 
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vast amounts of sand and gravel and should be represented seaward 
by offshore sandstone deposits conformable with the sediments of 
the time. 

Avis sandstone member to Blach Ranch limestone member.-On 
the irregular surface of the Avis was laid down a series of shale, 
thin sandstone, and thin limestone beds, and in this respect the 
unconformity differs from most of the previous ones, which were 
followed by sandstone. The surface was low west and south of Elias­
ville and also near Graham, but between these low areas there seems 
to have been a ridge. To the north of the Graham Basin also there 
was a ridge capped by Rocky Mound limestone and Avis sandstone, 
and still farther northeast probably another basin, as yet undefined. 

Marine conditions from ti~e to time returned to the area about 
Eliasville as the estuaries or basins were filled. The lowest marine 
deposit seen in the Eliasville area is 80 feet below the BIach Ranch 
limestone member. This deposit occurs lY2 miles northwest of 
Eliasville in a side road leading to the upland area north of Gage 
Creek. It is a limestone bed 28 feet below the base of the Ivan 
limestone member, 6 inches thick, fossiliferous, earthy, and sandy, 
and carries no fusulinids . Another outcrop of limestone below the 
I van occurs at about the same interval below it, but the interval 
could not be measured. The outcrop is in the bank of Gage Creek 
downstream from the Ivan outcrop. In spite of the facts that it is 
about 3 feet thick, is more earthy than the other outcrop, and carries 
fusulinids as well as other fossils, it occurs at so nearly the same 
horizon that it is probably the same bed modified by the erratic 
accumulation of clastic material in what must have been a near­
shore deposit. In the northern basin in Flint Creek, 2 miles north­
east of Eddleman Lake, near the bridge, a 2·foot bed of limestone 
overlies the Avis sandstone at 92 feet below the BIach Ranch mem­
ber, but it does not seem to have a very wide distribution. There 
are several other limestones in the Eddleman Lake area at about 
this distance below the BIach Ranch member, but these appear to 
be overlain by Avis sandstone and therefore to be of Graham age. 
Plummer and Moore report a limestone southeast of Breckenridge 
at 60 feet below the Ivan limestone, which may well be contempo­
raneous with those mentioned above, the discrepancy of interval not 
being significant in a partly filled basin or in what may have been 

different estuaries of the same basin. 
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Ivan limestone member.-A limestone bed exposed in the Elias· 
ville area, particularly in the basin of Gage Creek, has been traced 
by others through intermittent outcrops to the Ivan limestone near 
Ivan. This bed west of Eliasville is 45 feet below the Blach Ranch 
limestone. It is dense, gray, and crystalline, and contains relatively 
few fossils. Where examined on Gage Creek the top is rough with 
Syringo pora corals. The maximum thickness noted is on Gage Creek, 
where it is 9 feet thick. It is underlain by a thin sandstone contain· 
ing plant fragments. About 2 miles north of EHasville, the Ivan 
limestone overlaps the A.vis sandstone (PI. III), and farther north 
it is missing. No outcrops identifiable with the Ivan were seen in 
the area about Graham, which seems to have been separated from 
the Eliasville area by a sandstone ridge. 

Although the fluctuations of sea level reached their climax for 
a time in the disturbances that resulted in the deposition and ero­
sion of the Avis, deposition did not proceed without interruption 
during the filling of the post-Avis estuaries, though in this region 
the interruptions seem to have been of a distinctly minor character. 
Below the Blach Ranch limestone there are deposits of clay, shale, 
red shale, black shale, and some thin streaks of coaly material, and 
also le~ticular deposits of gray sandstone. These sandy deposits 
may have been in part derived from Avis deposits still exposed on 
the divides between the estuaries. The lenticular cross section of 
some of the sandstones shows that they were deposited in channels, 
and although they may for the most part represent contemporaneous 
deposition, at least one, north of Flint Creek and west of the Lov­
ing highway, has a thickness of 25 feet, though it is only a few 
hundred feet wide and apparently indicates exposure and channeling. 

East of the Simms-Willis No. 1 well, at the foot of the north 

end of the first butte capped by Blach Ranch limestone, east of 

the Loving road, an 18-inch silicified tree trunk occurs in place 

in a bed 38 feet below the top of the Blach Ranch, indicating that 

in this locality at least subaerial conditions prevailed at .this 

horizon and giving ground for belief that at least some of the 

lenticular sand bodies in the upper part of the Thrifty represent 

the filling of subaerially eroded channels. 

The following sections were measured below the Blach Ranch 

limestone member: 
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Section of the lower part of the Thriftr formation in Gage Creek, two 
miles west of Eliasville. 

Thickness 
Feet Inches 

12. Blach Ranch limestone membeL_______________________ 2 
11. Shale, gray _ __ __________________ _ _ 20 
10. Clay shale, red______ _____________________________ 5 
9. Clay shale, gray_________________ ______________ ______ ____ 7 
8. Shale, coaly __________________________ 1 
7. Shale, gray to white_______ 6 
6. Limestone, not fossiliferous _____________________________ 3 
5. Shale, limy, in part purplish __ ____________________________ 7 
4. Sandstone, gray, fine grained, with plant fragments, 

lenticular, overlapping bed below _____ :______________ 1 
3. Shale, black, banded with Srringopora corals-__________ 4 
2. Ivan limestone member: 

Limestone, gray, massive, sparsely fossiliferous, top 
rough with Srringopora; weathers in ragged 
boulders _____________________________________ ___________________ 4 

Limestone, gray, weathering bluish, platy, with thin 
clay and shaly lime partings ; sparsely fossiliferous__ 5 

Limestone, gray, fine-textured, nonfossiliferous ________ 3 
1. Sandstone, limy, with plant fragments ._______________ 2 

59 

Section of lower part of the Thriftr formation one mile northeast of Rockr 
Mound School. 

Thickness 
Feet 

10. Blach Ranch limestone member_________________________ 2 
9. Shale __________________________________ ___________ _______ 4 
8. Sandstone, gray, soft, massive _ __ .________________________ 14 
7. Clay shale __ . ____________________ ________ _____ . __ 22 
6. Sandstone, gray, platy___________ ______ ______________ 6 
5. Talus, probably shale ________________________________________ 9 
4. Sandstone, gray, massive______ __________ ______ 16 
3. Shale ___________________________________________ _ 33 
2. Not exposed, plowed field; no residual rocks ____ __________ _ 44 
1. Conglomeratic sandstone (Avis sandstone member?) 

150 

Within a mile of the above section the buried Rocky Mound 
ridge, capped by late Graham limestone and by a thin deposit of 
A vis sandstone, rises to a horizon within 60 feet of the Blach Ranch 
member. 

Blach Ranch limestone member.-The Blach Ranch limestone is 
the first reliable datum above the Avis. In the southern part of 
Young County, where most of the field work for this report was 
done, it consists of two limestones separated by 2 to 3 feet of 



Stratigraphic and Paleontologic Studies 59 

bluish clay shale. The following sections at two points 10 miles 
apart indicate its essential uniformity: 

. Section showing details of Blach Ranch limestone member half a mile 
west of McCann Bridge over Brazos River, on the highway seven and one· 
half miles west of Graham. 

Thickness 
Feet Inches 

BIach Ranch limestone member: 
7. Limestone, dark, earthy, and finely crystalline, 

weathers in angular slabs, light brown to yellow· 
ish in color, fossiliferous, with fusulinids in top .. _ 1 4 

6. Shale, yellow, limy, and fossiliferous __ .. _._ .... _ .. _____ 3 
5. Clay shale, bluish; contains scattered fossils _ ___ .____ 2 6 
4. Limestone, like upper member but somewhat less 

earthy ____ . ___ . ________ .. ________ .. _.______ 1 6 
3. Shale, gritty, carbonaceous._ . __ .. ___ . _ __ . __ ._ .. _ ... _____ .______ 3 
2. Coal, dirty ______________ . __ .. ________________________________ 6 
1. Clay shale, gray. ____ . __ . ________________________ .. __ .____ 2 

8 4 

Section showing details of Blach Ranch limestone member in bed of creek 
one and one-half miles west of Eliasville, half a mile south of highway. 

Thickness 
Feet Inches 

BIach Ranch limestone member: 
8. Limestone, earthy, dark, densely crystalline, weather­

ing yellowish and hackly, in slivers and rough 
masses __________ .. ________ .. ___ _"_ _______ .__ 8 

7. ' Shale ________ . _ __ ._ .. __ .. ______ ._ .. ____ ... _____________ .__ 2 
6. Limestone, dark to bluish, dense, finely crystalline, 

weathering gray to light brown, massive and 
angular blocks, fossiliferous . __ ._. ____ .. __ . _______ .____ 2 

5. Limy shale, fossiliferous __ .. __ . _____ .. _______________ ._._.__ 2 
4. Sandstone, platy, with shale partings_. _______ . ___ . ___ .____ 3 
3. Clay shale, slightly gritty, bluish _. ____________ .... _ ..... _.___ 2 6 
2. Clay, shale, black and coaly; contains macerated fossil 

leaves .... _. ________________ .. _________ .. ________________ . __ .. _ 6 
1. Shale, yellowish ________ .. ____ .. _ _____ ._____________ 1 

13 8 

Where the exposures are not complete it is generally the upper 
bed that crops out. The double character of this member continues 
northeastward toward the Jack County line. 

The beds immediately below the lower limestone bed of the 
Blach Ranch are seldom seen, but the presence of . a coaly layer 
at widely separated points suggests that it was widely deposited 
and that the inequalities of the surface had been filled at this 
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time. This is believed to be the horizon of the Chaffin coal of the 
Colorado River Basin. In general, the Blach Ranch outcrops are 
distinguished by their dark color on fresh surfaces and by the 
habit of the bed to weather in good-sized only slightly rounded 
blocks and slabs. 

Lack of convergence below Black Ranck limestone member.-In 
view of the violent fluctuations of sea level attending the final 
phase of the Graham formation and the beginning of the Thrifty 
formation it is a little surprising to find within the area examined 
so little evidence of convergence. The interval from the Blach 
Ranch limestone to the limestone at the base of the Wayland mem­
ber was measured at Eliasville and also south of Medlin Chapel 
and found to be essentially the same-l78 feet and 173 feet 
respectively. If errors of measurement and local variations in sedi­
mentation are disregarded, this indicates a thinning of only 5 feet 
in 9 miles-much less than might be expected. Unfortunately, the 
Wayland limestones are almost never reported in the well logs, 
and these measurements could not be checked by subsurface data. 

The following measurements were taken from carefully kept logs 
to indicate the interval at various points between the Blach Ranch 
limestone and the Bunger limestone, both of which are usually 

identifiable in the logs even though the position is seldom recorded 

with the accuracy desirable for detailed studies. 

Interval between Blach Ranch limestone and Bunger limestone, as indicated 
in well logs. 

Thlckness 
Feet 

Core-drill hole, Graham ranch, T. E. & L. survey No. 2904, 
14 miles west of Graham ______________________________________________ 375 

Nash & Windfohr, Graham No. I, 13 miles west of Graham . ________ 351 
Pitzer & West, 5lh miles east of Newcastle. _____________________ 380 
Christie Bros.-Jeffery No. I, 4 miles north of Graham _________________ 361 
Casey, Mercier-Jeffery · No. I , 4 miles north of Graham _____________ 371 
Clarco-Morgan No. I, 4 miles north of Graham _______ ______ 380 

These logs, which represent a spread of 16 miles from east to 
west, indicate that no great amount of convergence resulted in this 
interval in this area. The last three wells in the list essentially 
offset one another, and the variation in interval may represent con­
vergence, though it is thought to be due to inaccuracies in the logs. 
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The Clarco-Morgan log, which shows discrepancies on other beds, 
is especially open to question. 

Blach Ranch limestone member to Breckenridge limestone mem­
ber.-No great variation occurs in the interval between the top of 
the Blach Ranch limestone and the top of the Breckenridge lime­
stone. Intervals measured from south to north from Clear Fork 
to McCann Bridge at about 2-mile intervals show 55 feet, 52 feet, 
58 feet, and 50 feet. In the core-drill log on the Graham ranch, 
T. E. & 1. survey No. 2906, 6 miles west of the outcrop, this interval 
is recorded as 56 feet. It seems probable that only slight variations 
occur, those noted being attributable more to weathering in the out­
crops or fluctuations of deposition than to convergence. 

This interval was not without its depositional interruption 
(PI. III). Immediately below the Breckenridge occurs a bed of 
red shale from 9 feet thick south of the highway west from Elias­
ville to 6 feet thick west of the McCann Bridge. Just below this 
red shale, at the first locali ty, there is 7 feet of sandstone, uncon­
formable at the base and sun-cracked at the top; 2 miles northwest 
of Eliasville this sandstone bed is 25 feet thick; on Fish Creek, 
3 miles farther north, the sandstone is 18 feet thick; and at the 
McCann Bridge outcrop it is 13 feet thick. This sandstone is in 
places coarse and irregularly bedded but not massive and contains 
some interbedded sandy shale. Though it may represent contempo­
raneous deposition, it was probably deposited in a broad, low basin, 
the sun cracks indicating subaerial exposure at the end of the epoch. 
The section from the Blach Ranch limestone to this sandstone lens 
consists of thin-bedded nonfossiliferous clay shale with a few clay­
ironstone partings showing no stratigraphic break. 

Breckenridge limestone member.-The Breckenridge limestone is 
dove-gray and finely crystalline and weathers to hard, rough, irregu­
larly cracked slabs and small boulders. It is sparsely fossiliferous, 
containing crinoid stems and especially near the top a good many 
fusulinids. It ranges in. thickness from 5 feet near Crystal Falls to 
lY2 feet near McCann Bridge but is uniform in character. 

HARPERSVILLE FORMATION 

The Harpersville formation extends from the top of the Brecken­
ridge limestone member to the top of the Saddle Creek limestone 
member, an interval of 233 feet. It is part of a chaotic series of thin 
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Fig. 4. Generalized cross section of the Harpersville formation from outcrops between Crystal Falls, Stephens County, and McCann Bridge, 
Young County, Texas. Geology 1>y Wallace Lee. Localities indicated by numbers on PI. VI as follows : (11)) butte near railroad on Hamm ranch; 
(2b) railroad cuts northwest of Crystal Falls; ('>1» first bluff east of mouth of Kings Creek; (4h) on road one·fourth of a mile southeast of 
Huffstet tl ~ School; (5b ) on }Iighway east of Huffstettle School; (6b) Ph miles northeast of Crystal Falls; (7b) 2 miles northeast of Crystal 
Falls; (8b) on scarp wesfof Wagon Timbe'f Branch; (91)) head of Wagon Timber Branch; (lOb) old pipe line ditch east of Wagon Timber 
Branch; (1Ib ) northeast of Donnell ranch house ; (121)) south side of Gage Creek in Donnell Ranch; (Bb) Lookout Mountain south of Fish 
Creek; (141)) northeast of Caudle ranch near highway ; (15b) 1>utte in pasture Ph miles northe·ast of Nash & Windfohr pool; (16b) Nash & 
Windfohr No. 1 Graham; (171)) · Plummer and Moore's locality;7 miles southwest of Newcastle; (181)) Reed & Taylor No.1 Graham. 
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limestones, relatively thin lenticular sandstones, variegated sandy 
and clay shales, and thin coals. This complex series of beds­
(fig. 4), interrupted by unconformities expressed in large and small 
channels, extends with progressive changes upward beyond the limits 
of the Harpersville formation to the middle of the Moran formation. 

The first limestone bed in the Harpersville lies a few feet above 
the top of the Breckenridge. It is nameless but was designated by 
the symbol "CI" by the cooperative mapping committee of the Amer­
ican Association of Petroleum Geologists in preparing the strati­
graphic section of the Pennsylvanian rocks for the outcrop maps of 
the counties of north-central Texas. 

The bed is gray, hard, crystalline, and sparsely fossiliferous. In 
most places it weathers to lumpy masses in a chalky and marly 
matrix from which fusulinids can be washed in considerable 
quan ti ties. 

In the Crystal Falls area the bed is 5 feet thick and is separated 
from the Breckenridge by 20 feet of red shale. Near McCann BrIdge 
its thickness is reduced to Ph feet, and the underlying shale is only 
3 feet thick, the greater part of the thinning of both beds occurring 
within 5 miles of Crystal Falls. This limestone thins in the same 
areas in which the shale interval between it and the Breckenridge 
thins, but the interval from the top of the Breckenridge to the top 
of the next higher limestone, the Crystal Falls limestone member, 
is essentially constant. Intervals measured about 2 miles apart show 
the following thicknesses: 1% miles north of Crystal Falls, 47 feet; 
Gage Creek, 41 feet; Fish Creek, 40 feet; west of McCann Bridge, 
41 feet. Most of the logs do not record these thin beds. 

If the "CI" bed is assumed to be a part of the Breckenridge (a 

not unnatural assumption where the beds are close together) con­
siderable variation in the intervals from the Blach Ranch limestone 
to the top of the Breckenridge limestone and from the Breckenridge 
to the Crystal Falls limestone would appear to exist, the former 
being irregularly increased and the latter correspondingly decreased. 
This should be borne in mind in examining drill logs, for in most 
logs the beds are reported as a unit. For instance, the Nash & 
Windfohr-Graham No. 1 well, 4 miles west of McCann Bridge, 
shows an abnormal thickness for the Breckenridge limestone and a 

reduced interval up to the Crystal Falls limestone. 
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The remainder of the interval up to the Crystal Falls limestone 
is chiefly shale, although there are some discontinuous streaks of 
sand and sandy shale a short distance below the Crystal Falls. 

Crystal Falls limestone member.-The accompanying sketch 
(fig. 5) shows the relation of the upper and lower beds of the 
Crystal Falls limestone. The lower bed is gray and at its thickest 
point about 3 feet thick. The upper bed is yellowish and averages 
less than 1 foot thick. Both are fossiliferous and contain fusulinids. 
The wavelike surface of the upper bed was at first thought to be 
caused by weathering and swelling of the underlying shale, but an 
outcrop in the first railroad cut northwest of Crystal Falls shows 
the unusual relation of these beds to each other. 

---------------- ----_._---

Fig. 5. Sketch showing details of Crystal Falls limestone member in railroad 
cut, Crystal Falls, Stephens County, Texas. 

The lower bed was apparently subjected to wave, tidal, or other 
erosion in such a way as to produce a hummocky surface with 
hillocks about 3 feet high and 100 to 150 feet from center to center. 
This surface was then covered evenly with about 2 feet of shale, 
which was followed by the conformable deposition of the upper 
limestone bed. Near Crystal Falls the lower bed is underlain by 
a thin streak of coal, which at this point was not disturbed by the 
erosion. At one place where erosion completely removed the lower 
lifnestone, mounds of similar shape were built up of sand and small 
pebbles, and the overlyin·g 2-foot shale bed contains a few frag­
ments of coal. The upper member here, as at Crystal Falls, lies in 
billows. The mounds are distributed irregularly on the topographic 
benches formed by the Crystal Falls limestone, like hayricks in a 
field_ Erosion of the mounds produces circular central areas of 
gray limestone enclosed by rims of dipping yellowish limestone 
like miniature Wyoming anticlines. 

The hummocky character of this bed extends from Crystal Falls 
northward along the outcrop for a distance of at least 18 miles, but 
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toward the north the mounds are larger and less numerous. It is 
believed that the hummocky surface of the lower limestone repre­

_ sents a phase of near-shore erosion. 

At a few places west of Eliasville somewhat similar mounds affect 
the upper part of the Breckenridge limestone, but the phenomenon 
is not general at this horizon. 

Crystal Falls limestone member to so-called "Upper Crystal Falls 
limestone."-The interval from the top of the Crystal Falls limestone 
to the top of the next persisten t limestone of the Harpersville forma­
tion, called by some writers the "Upper Crystal Falls limestone," 
increases slightly for 15 miles northward from Crystal Falls to the 
McCann Bridge area. Its thickness is 25 feet 11;2 miles north of 
Crystal Falls, 28 feet on Gage Creek, 30 and 29 feet at two measure­
ments on Fish Creek, and 30 feet southwest of McCann Bridge. 
This interval is 37 feet in the log of the cored well on the Graham 
ranch and 33 feet in the carefully kept log of Nash & Windfohr 
No.1 Graham well, 4 miles west of McCann Bridge. 

The local variations, which make the Harpersville formation so 
chaotic, begin above the Crystal Falls limestone. The greater part 
of the section up to the so-called "Upper Crystal Falls limestone" 
is shale, but some erratic coals and limestones are present in the 
interval. Five feet above the Crystal Falls limestone, at an excellent 
outcrop 1 Y2 miles northeast of Crystal Falls, there occurs a bed 
containing septaria. These are about 8 inches in diameter and, 
though not seen in places elsewhere, were encountered in the bed 
of Wagon Timber Branch and on the lower slope of a hillside on 
the north side of Gage Creek. They were not observed farther north 
and they are not numerous enough to constitute a very good datum, 
but their presence should indicate nearness to the horizon of the 
Crystal Falls limestone. 

On Fish Creek a 6-inch bed of earthy fossiliferous limestone, not 
present toward the south unless -it may be correlated with the bed 
containing the septaria, is found 12 feet above the Crystal Falls. 
A mile farther north the interval has increased to 16 feet. South­
west of McCann Bridge, 2 miles farther north, a thin coal bed but 
no limestone occurs at this horizon. Impure coal is not unusual 
a short distance below the Upper Crystal Falls limestone, but both 
its thickness and the interval are variable. Thus in the second rail­
road cut just northwest of Crystal Falls nearly 6 feet of dirty coal 
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in thin layers alternating with carbonaceous shale is present a foot 
below the limestone. On the Caudle ranch, on Fish Creek, there is 
4 feet of black slate and carbonaceous shale laminated with coal 
at the same horizon. Midway between these exposures, on Wagon 
Timber Branch on the Donnell ranch, north of the Crystal Falls­
Eliasville road, a thin coal with carbonaceous shale occurs beneath 
7 feet of gray clay shale with some carbonaceous streaks that imme­
diately underlies this limestone. Coal was noted at other places, but 
although these deposits are no doubt essentially contemporaneous, 
the outcrops rarely show more than a few inches of dirty coal and 
they are not continuous. 

The Upper Crystal Falls limestone is yellowish, of earthy tex­
ture, with crystalline streaks, and very fossiliferous. It is much like 
the upper bed of the Crystal Falls limestone member but does not 
contain fusulinids. It weathers to a brownish color with reddish 
and purplish splotches on the surface. Its greatest thickness is 
2% feet, but it is usually less than a foot thick. Like the next 
overlying limestone it is in some places cut out by a channel. The 
following section was measured 1112 miles northeast of Crystal 
Falls, north of the Crystal Falls-Eliasville road: 

Partial section of Harpersville formation, one and one-half miles northeast 
of Crystal Falls Bridge, north of Eliasville-Crystal Falls road. 

Thickness 

Feet Inches 
20. Conglomerate of fine angular pebbles and sand ___ __________ 6 
19_ Shale and thin beds of sandstone ______ ___________________________ 9 
18. Sandstone, forming bench _______________________________ 1 
17. Shale, limy _______________________________________________________ 3 

16. Limestone, gray, earthy, foss iliferous, chiefly shell frag-
ments but no fusulinids; weathering to rounded 
blocks, with some iron stain; cut out by channel 
nearby __ _____________________________________________________________ 1 

15. Not exposed; probably shale _ ______________________ 11 
14. Limestone, earthy, with crystalline streaks, fossiliferous 

but without fusulinids, brownish, weathering brown-
ish, mottled reddish and purplish (Upper Crystal 
Falls limestone of some writers) _________________ 2 6 

13. Not exposed; probably shale _______________________ 16 6 
12_ Septaria in shale_________ ____________________________________ 1 
11. Shale ____________________________________________________________________ 4 

10. Crystal Falls limestone member: 
Limestone, light yellowish to buff, with patches of 

reddish iron stain, fossiliferous, deuse to earthy; 
contains fusulinids ______________________________________ 1 
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Thickness 
Feet Inches 

Shale _________________________________________________________________ 1 6 

Limestone, gray, finely crystalline, spar~ely fossil-
iferous; carries fusulinids ._______ ____ ________________________________ 1 

9. Clay shale, bluish and gray_______________________________ 6 6 
8. Shale with clay ironstone____________________________________ 1 6 
7. Shale, red ______________________________________________________________ 5 
6. Sandstone, greenish, lenticular (0-4 feet) _______________________ 6 
5. Shale, red _._________________________________________________ 5 6 
4. Limestone, gray, medium to fine grained; weathers gray, 

lumpy, and marly; sparsely fossiliferous, many fu su-
linids ("Cl" bed) ________________________________________________ 5 

3. Shale, red _______________ ________________________________ 20 
2. Limestone, gray, fine texture; weathers bluish to gray, 

rough surface; breaks down to boulders; bottom part 
platy and nodular, sparsely fossiliferous, with fusu­
linid s in abundance near top (Breckenridge limestone 
member) ___ ________________________________________________________________ 5 

1. Sandstone, greenish, laminated ._____________________________________ 6 

108 

"Upper Crystal Falls limestone" to Belknap limestone mem­
ber.-The interval from the so-called "Upper Crystal Falls lime­
stone" to the Belknap limestone member of Plummer and Moore 
is 65 feet in the Nash & Windfohr No. 1 well, 4 miles west of 
McCann Bridge. On Lookout Mountain, on the Caudle ranch south 
of Fish Creek, a surface measurement gave 58 feet for this inter­
val. At the head of Wagon Timber Branch, on the Donnell ranch 
5 miles west of Eliasville, a composite section makes the interval 
about 64 feet. The interval presents considerable confusion because 
it contains a good many small unconformities involving at least 
three discon tinuous thin limestones, several thin streaks of impure 
coal, and at least one major channel unconformity whose con­
cavities are filled with variegated shales, in some places showing 
thin coaly beds followed by conglomerati c sandstone. In view of 
their erratic character and number, the detailed correla tion of the 
thin limestone beds of this interval with the Waldrip limestones 
of the Colorado River section seems unwarranted. 

On the old road to Eliasville I lh miles northeast of Crystal 
Falls, there is a limestone bed 12 feet above the Upper Crystal 
Falls limestone. This bed is gray, earthy, and fossiliferous and 
weathers in roundish blocks. It is cut out within 100 feet of the 
outcrop recorded in the above section by a channel refilled with 
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sandstone and conglomerate. Half a mile farther north it crops 
out 16 feet above the Upper Crystal Falls. At this point also it is 
interrupted by a similar and probably connected channel, which 
cuts deeper and has eroded also the Upper Crystal Falls bed. Here 
the lower part of the channel is filled with variegated shale and 
near the horizon of the upper limestone contains a few streaks 
of dirty coal. The upper part of this channel is filled with sand­
stone and conglomeratic sandstone which overlap the limestone 
and extend to the top of the hill. The sandstone of this uncon­
formable deposit contains a great many chert pebbles like those 
of earlier conglomeratic beds, erratically distributed, both verti­
cally. and horizontally. Channeling occurs along the outcrop of 
these beds north of Fish Creek. Unconformity at this horizon is 
general along Clear Fork and, though of lesser relief, is com­
parable to the Avis in its widespread occurrence. Northwest of 
Cisco an imposing mass of sandstone and conglomerate occurs 
below the Saddle Creek limestone, and this may prove to be con­
temporaneous with the conglomerates of this interval on Brazos 
River. The top of the conglomeratic sandstone in Young County 
is 45 feet above the Upper Crystal Falls limestone and about no 
feet below the Saddle Creek limestone. It cuts at least 10 feet 

below the Upper Crystal Falls, and the relief of the unconform­

able surface is at least 55 feet. 

The channel deposit occurs at the horizon of the Newcastle coals 

and cuts them out on the borders of Clear Fork and in other places. 

The lowest of the coals, however, crops out in a bank of Wagon 

Timber Branch, where some exploratory openings were once made 

half a mile south of the Eliasville-Woodson highway at a place 

named Carbondale, which is still marked on some maps of the 

county, though practically all signs of settlement have long since 

been obliterated. This coal, which is 86 to 90 feet above the 

Breckenridge limestone, is overlain by 4 feet of shaly fossiliferous 

limestone or limy shale capped by 1 foot of gray crystalline fos­

siliferous limestone. These fossiliferous beds are crowded with 

Myalina but contain no fusulinids. Coal overlain by limestone is 

reported at this horizon in the log of the core-drill hole on the 

Graham ranch, in a section measured northwest of McCann Bridge 
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by Plummer and Moore, and in the log of the Belknap Coa l Co.­

l. J. Perkins No. 1 well, half a mile east of Newcastle, but this 

coal is exposed in few places chiefly, perhaps, because it is cut 

out by the unconformity in so many parts of the area. 

The following composite section of part of the Harpersvipe for­

Ipation was measured on Wagon Timber Branch, where the uncon­

formity mentioned above has not cut very deeply into the under­

lying section : 

Composite section of part of Harpersville formation below the Belknap 
limestone, measured on west side of Wagon Timber Branch, south of Elias­
ville·W oodson highway. 

Thickness 
Feet Inches 

20. Limestone, gray with greenish cast, coarsely crystalline, 
fossiliferous (Belknap limestone memher) _______ _ 2 

19. Not exposed, prohably shale __ ____________________ _ 5 
18. Sandstone. gray to yellowish, irregularly bedded to mas· 

sive; forms bencL _________________ _ 2 6 
17. Shale, yellowish ___ _ _____ _ 3 
16. Shale, red and gray ______________________ _ 5 6 
15. Sandstone, limy, nonfossiliferous ____________ _ 3 
14. Not exposed, probably shale ______________ _____ _ 3 6 
13. Limestone, dark to gray, sparsely fossiliferous, lenticular 3 
12. Shalp. __________________________________________ . ____ _ 5 
11. Sandstone, yellowish to gray, flaky and impme ____ _ 1 
10. Clay, gray to white ______________________________________ _ 6 

9. Sandstone, brownish, platy _______________________ _ 
8. Shale, gray, sandy ___________________ " ____________ _ 

4 
4 

7. Limestone, flaky and earthy _____________________ _ 6 
6. Limestone, gray, crystalline, fine texture, dark to black, 

weathering gray, fossiliferous, no fusulinids ________ _ 1 
5. Limestone, earthy and weathered, or limy shale, fossil-

iferous __ 4 
4. Shale, carbonaceous or coaly 1 
3. Coal and shale, weathered (one of Newcastle coals) ___ _ 2 
2. Not exposed _________________________ _ 12 
1. Limestone, earthy, brownish to yellowish, very fossil· 

iferous, platy (Upper Crystal Falls limestone) ____ _ 1 

63 6 

At the head of Wagon Timber Branch, just south of the high­

way, there occur at 27 and 33 feet below the Belknap limestone 

two discontinuous limestones, neither one more than 4 inches thick. 
They contain crinoid stems and seem to be cut out by equally dis­

continuous sandstone beds whose maximum observed thickness is 
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less th1in 10 feet. On the east side of Wagon Timber Branch con­
siderable float from one of these beds was' seen but the bed was 
not found in place. 

Belknap limestone member.-The Belknap limestone is unique 
among the limestones in this area. It is gray and crystalline and 
on fresh surfaces has a slight greenish cast. It is very fossiliferous 
and' is the highest limestone in the area in which any fusulinilis 
were found. It is characterized also by the, presence of l l!!ge pro­
ductids and Pinnas and unusually large specimens of several other 
species. On account of its relative purity, it erodes easily and does 
not form good outcrops, although it has a thickness of 2 feet. 
One of the best outcrops is beside the Eliasville-W oodson road, on 
Wagon Timber Branch. It crops out widely in the area of the Nash & 
Windfohr pool 4 miles west of McCann Bridge, where on account 
of its unique characteristics it is easily distinguishable from the 
underlying limestones. It is cut out by unconformity, however, in 
the exposures a ~ile to the east. It is present on the south slope of 
Lookout Mountain at Fish Creek but seems to have been cut out by 
unconformable sandstones on the north slope of the mountain. In 
the vicinity of Newcastle it loses something of its purity and is less 
surely identifial;>le by its physical characteristics, but it still carries 
the distinctive fusulinids. 

In the area between Crystal Falls and Wagon Timber Branch the 
Belknap limestone appears to be cut out and its horizon is occupied 
by massive sandstone. It is also replaced by sandstone in the cored 
well on the Graham ranch, 3 miles down the dip to the west, and 
in much of the sandstone area northeast of Newcastle and locally 
at intermediate points. This sandstone is the highest bed carrying 
chert pebbles and may be the equivalent of the conglomeratic sand­
stone of the Cisco Lake area in Eastland County, which is below the 
Saddle Creek limestone. 

Belknap limestone member to Saddle Greek limestone member.­
The interval above the Belknap in southern Young County to the 
next higher limestone, identified by Plummer and Moore as the 
Saddle Creek limestone, is 93 feet. The only satisfactory outcrop 
found showing the top and bottom of this interval is at the head of 
Wagon Timber Branch, where it is crossed by the highway from 
Eliasville to Woodson. The variable character of the deposits of 
this interval is well illustrated by the presence on the highway of 
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34 feet of bedded reddish sandstone whose top is 24 feet below the 
top of the Saddle Creek, whereas 1000 feet to the south, on a 
shoulder of a ridge, a continuous exposure shows 45 feet of variegated 
clay shale with no sandstone at the corresponding horizon. The 
changing relations between these outcrops are masked by slumping. 
In the same interval sandstone is present in some places and thin 
limestones and Myalina-bearing shale beds overlain by shale in 
others. It is possible that the contrasting deposits are due to erratic 
contemporaneous deposition, but in view of the numerous observa­
tions of channeling it seems not unlikely that obscure and frequent 
fluctuations of sea level permitted rapid channeling and equally 
rapid filling. 

Section of upper part of Harpersville formation one and one-half miles 
northeast of the Eliasville-W oodson highway and north of the Donnell ranch 
house. 

Thickness 

Feet Inches 
Pueblo formation: 

9. Sandstone, massive and bedded______ __________ _ ___ 19 
Harpersville formation: 

8. Limestone, earthy, porous (Saddle Creek limestone 
member) _____________________________________________ _______ 6 

7. Shale, white, gray, and violet-colored________________________ 21 
6. Sandstone, gray, earthy, with limonite specks, 

lenticular ___________________________ ______________________ 3 
5_ Shale, gray to yellowish ____________________________________ 9 
4. Shale, gray and yellowish; talus littered with clay-

ironstone chi ps ____ __________________________________________________ 6 

3_ Shale, yellowish, limy, fossiliferous, many Myalinas _ 2 
2. Limestone, earthy, dark brown, fossiliferous___________ 2 
1. Coal ____________________________________________________________________ __ 2 

59 10 

Section of upper part of Harpersville formation on the highway south to 
Crystal Falls from HufJstettle School. 

Thickness 

Feet Inches 
13. Limestone (Saddle Creek limestone member}.__ ___________ 1 
12. Not exposed, probably shale, no sandstone floaL______ ________ 38 
11. Limestone, thin plates in yellow fossiliferous shale, con-

tains a great many Myalinas but no other fossils______ 2 
10. Limy sandstone plates 1 inch thick in limy yellow shale 2 
9. Shale, yellowish, lirny_____________________________________________________ 1 
8. Sandstone, massive and irregularly bedded_____________ 18 
7. Sandstone, yellowish plates in yellowish shale___________ 2 
6. Shale, gray, yellowish, and red, mottled. and variegated_ 17 
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Thickness 
Feet Inches 

5. Clay, coaly ______________________ 6 
4. Shale, variegated, wilh streak of greenish laminated 

sandstone 2 inches thick ____ ._______________ 14 
3. Sandstone, soft, gray, laminated, impure __ .__________ 1 
2. Shale, variegated, with ironstone concretions in band ___ 8 
1. Sandstone, massive and irregularly bedded, gray_._____ 5 

109 6 

Myalina-bearing limestone of the above sections is represented 
in the cross section of the Harpersville formation (fig. 4) as deposited 
in channels formed subsequent to the deposition of the sandstone, 
though the evidence does not preclude its deposition contempo­
raneously with the sandstone. 

On the west side of Wagon Timber Branch at the crest of the 
escarpment on the road the Saddle Creek limestone is immediately 
underlain by 6 feet of coarse sandstone. In the road outcrop east 
of Huffstettle School, 1112 miles farther west, it is immediately under­
lain by a shale section with streaks of coal and coaly shale. On the 
bluff of the first ridge east of the mouth of Kings Creek it is Under- . 
lain by shale. 

Section of upper part of HarpersviLLe formation on first ridge east of the 
mouth of Kings Creek. 

Pueblo formation: 

Thickness 
Feet Inches 

7. Sandstone, forming bench _____________ .. ____ 4 
6. Shale _____________________________ .. __ .___ 12 

Harpersville formation: 
5. Saddle Creek limestone member: 

Limestone, earthy ____________________ 4 
Shale, gray, fossiliferous .. __________ 1 6 
Limestone, gray, crinoidaL-.. __________ ... _______ 8 
Shale ________________________ 4 
Limestone, brown, sandy, fossiliferous_______ 1 

4. Shale, with streaks of coaL ________ . ____ 19 
3. Sandstone, gray, thin-bedded __ .. ________ . __________ . 8 
2. Shale, yellowish __________________ 16 6 
1. Coal; base not exposed_______________ 3 

63 7 

Saddle Creek limestone member.-In the exposures on Wagon 
Timber Branch the Saddle Creek limestone member consists of a 
single bed of very earthy, tough, unlarninated dark limestone. It 
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is about 8 inches thick and only sparsely fossiliferous, the fossils 
consisting chiefly of brachiopods and pelecypods. It weathers to 
rough, porous buff·gray boulders. Farther west from Huffstettle 
School and in the area near the mouth of Kings Creek, as shown 
in the above section, there are generally two similar limestone beds 
in the outcrop. In ordinary exposures they are buff· gray, tough, 
porous, and earthy. They weather to roundish boulderlike lumps 
and are seldom found exactly in place. In the cored well on the 
Graham ranch the horizon of the Saddle Creek is occupied by thick 
sandstone, and the limestone seems to be absent in the intervening 
area around the head of Fish Creek, where the Belknap limestone 
member has been confused with it. Limestone outcropping 2 to 3 
miles north of the Nash & Windfohr pool is probably the Saddle 
Creek. 

The following composite section of the Harpersville formation 
shows the intervals between the principal beds, but the great 
variability of the sedimentation cannot be indicated in a single 
section. 

Composite section of tlJ-e Harpersville formation, Donnell ranch, south· 
western Young County. 

Thickness 
Feet Inches 

35. Limestone (Saddle Creek limestone member} _._____ 1 
34. Shale, yellowish, limy ______ ._ .. __ . ____ . ___ . ___ ._. __ ._ .. _ .. _ .. ___ 6 
33. Sandstone, platy, yellowish gray _______ . ___ ._ ..... ___ ._._ 5 
32. Shale, variegated, in places with coal streaks___________ 18 
31. Sandstone, platy, brownish, sof1..__________________________________ 34 
30. Shale, variegated ___________________________________ _ 33 
29. Shale, yellowish, limy, fossiliferous____________________________ 2 
28. Limestone, greenish gray, crystalline, fossiliferous 

(Belknap limestone member) ____________________________ 1 6 
27. Shale _________________________________________________________________ 10 
26. Sandstone __________________________________________________________ 2 6 
25. Shale, variegated _______________________________________________ 8 6 
24. Sandstone, limy _________________________________________________________ 8 
23. Shale _________________________________ __________________ ._____________________ 3 6 
22. Limestone, lenticular, crinoidaL_______________________________________ 4 
21. Shale _________________________________________________________________________ 5 
20. Sandstone, yellowish, flaky_______________________________________ 1 
19. Clay, gray-white _______________________________________________________ 6 
18. Sandstone, brown, platy, top of channel deposiL ___________ -' 4 
17. Shale, gray, sandy_____________________________________________ 4 
16. Limestone, earthy, and flaky____________________________________ 6 
15. Limestone, gray, crystalline, fossiliferous__________________ ___ 1 
14. Shale, limy, fossiliferous__________________________________ 4 
13. Shale, carbonaceous _____________ .__________________________ 1 
12. Coal and shale________ ______ __________________________ ______ 2 
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Thickness 
Feet Inches 

11. Shale _________________________________ 12 

10. Limestone, buff, fossiliferous ("Upper Crystal Falls lime· 
stone") ____________________ ______ 2 

9. ShaJe ________ 2 
8. Coal and shale; local developmenc_______________ 3 
7. Shale _____________________________________________ 18 
6. Septaria ____________________________________ 1 
5. Shale __________________________ 4 

4. Limestone, in two benches separated by shale (Crystal 
Falls limestone member) ______________________ 4 

3_ Shale ___________________________ 18 
2. Limestone ("CI" bed) __________________________ 5 
1. Shale, red _____________________ _______________________________ ________ 15 

Breckenridge limestone member of Thrifty formation. 

233 

PUEBLO FORMATION 

The Pueblo formation includes the beds from the top of the 
Saddle Creek limestone to the top of the Camp Colorado limestone 
(PI. IV). 

No opportunity was afforded to check the identity of the Camp 
Colorado limestone member, and the work of the cooperative map­
ping committee of the American Association of Petroleum Geologists 
in correlating this member on Colorado River with the outcrops 
in Throckmorton County has been accepted. The Pueblo formation 
as so defined is 207 feet thick on Clear Fork of Brazos River. 

Saddle Creek limestone member of Harpersville formation to base 
of Camp Colorado limestone member of Pueblo formation.- The 
lower half of the Pueblo formation is distinctly sandy in .character, 
whereas the upper half is predominantly composed of shale. Up 
to the middle of the formation the sequence continues variable, as 
in the Harpersville formation, and contains increasing numbers of 
lenticular sandstone bodies, which are characterless and without 
notable continuity and in few places as much as 15 feet in thickness. 
Not uncommonly the topmost layer of the sandstones shows the 
worn remains of pelecypods, in some places altered by iron car­
bonate. The limestone beds that are present are only 2 or 3 inches 
thick, imp~re, nonfossiliferous, and discontinuous. The shales are 
variegated and differ in thickness and character. 

In this interval there first appears a striking lime conglomerate, 
found at intervals throughout the rest of the section up to the Cole­
man Junction limestone member, at the top of the Putnam formation. 
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The conglomerate consists of pebbles of dense, earthy, nonfossilif­
erous limestone closely cemented with a matrix of the same material. 
It is gray, with a greenish cast, and tough and hard to break. The 
pebbles range from a quarter to half an inch in diameter, and few 
of them are well rounded. The conglomerate deposits are from 1 
to 8 feet thick and from 6 to 100 feet wide. The deposits are flat 
on top with a convex base and cannot be correlated with one another. 
It seems probable that they were derived from local beds of the 
same character- some of which, not more than 3 inches thick, were 
seen in _place-and that they were broken up by wave action and 
deposited in tidal channels. 

In the area half a mile east of Huffstettle School the following 
section was measured immediately above the Saddle Creek limestone. 
This section. because of the presence of an impure limestone bed 
containing crinoid stems, appears to indicate the temporary return 
of marine conditions near the base of the Pueblo formation. This 
bed is also present on the ridge northwest of the head of Wagon 
Timber Branch, as shown on the areal geologic map. 

Section of basal part of Pueblo formation near Hu/Jstettle School. 

Thickness 
Feet Inches 

Pueblo formation: 
5. Sandstone, red and brown, in blocks and plates ______ ' 3 
4. Limestone, sandy and conglomeratic, as if broken 

an.d :ecemented, purplish, very hard; has a few 
cnnOId sterns ______________________________________________________ 8 

3. Shale, gray _________________________________________________ 4 
2. Sandstone, brown, massive and platy, unconformable 

at base on underlying limestone; thickens toward 
the west ___________________ ____________________________________ 4 

Harpersville formation: 
1. Limestone (Saddle Creek limestone member) 

11 8 

The upper half of the Pueblo formation is composed chiefly of 
variegated shales, near the top of which are a few thin inconspicuous 
beds of fine sandstone interstratified with the shale and capped by 
the Camp Colorado limestone member. The shales present an 
extraordinary series of colors, including pastel tints of red, pink, 
purple, lavender, violet, blue, white, gray, and yellowish, in bands 
from a few inches to several feet thick. Interstratified with them are 
a few streaks of sandstone measurable in inches and some thin 
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layers of earthy nonfossiliferous limestone and tidal deposits of 
lime conglomerate. Near the top some plant fossils were found in 
the shale, associated with a streak of coal not over 1 inch thick. 

Camp Colorado limestone member.- The Camp Colorado lime­
stone, where a full section has survived the succeeding erosion, 
contains several limy fossiliferous beds separated by thin beds of 
sandy shale. In the road cut near the filling station on the Stephens­
Throckmorton County line four fossiliferous beds are present within 
11 feet. The two upper beds are limy sandstone, and the two lower. 
beds impure limestone. The entire 11 feet probably repre~ents the 
Camp Colorado limestone, but in most exposures the upper beds 
have been cut out, and in some places the entire section is replaced 
by sandstone. 

The following section of the Camp Colorado limestone member 
was measured on the escarpment half a mile east of the filling station 
at the point where the Breckenridge-Throckmorton highway crosses 
the Stephens-Throckmorton County line . 

. Section showing Camp Colorado limestone member in northwest corner 0/ 
Stephens County. 

Thickness 
Feet 

Moran formation: 
6. Sandstone, massive ________ ._____________ 12 
5. Sandstone, thin bedded and platy, in part limy______ 1 

Pueblo formation: 
4. Limestone, gray, coarsely crystalline in upper part; 

earthy below, very fossiliferous ; weathers smoothish 
and gray at top and rough, pitted, and yellowish at 
bottom (Camp· Colorado limestone member) _________ 2 

3. Shale, yellowish, with thin clay-ironstone partings; 
upper part limy, with large numbers of Myalinas; 
lower part with thin sandy partings_______________ 15 

2. Sandstone, line grained, flaky__________________ 2 
1. Shale, carbonaceous ________________ 12 

44 

The sandstone (beds 5 and 6) at the top of the above section 
rests directly and unconformably upon the Camp Colorado lime­
stone. In places where the exposures are good, in the drainage 
basin of Rust's Kings Creek, the limestone is seen to be cut out 
and the sandstone rests directly on the underlying Myalina-bear­
ing shale (bed 3), which in this area is almost everywhere present. 
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The sandstone is a persistent feature of the section and forms an 
escarpment stretching across the country, which can be followed 
where the limestone is locally cut out or concealed. 

The following section showing a variation of the Camp Colo­
rado limestone was measured 41,4 miles east of Woodson, in Throck­
morton County, 300 yards southeast from a road corner, in a small 

drain. 

Section showing Camp Colorado limestone member four and one-qlLarter miles 
east of Woodson, Throckmorton County. 

Thickness 
Feet Inches 

Moran formation: 
10. Sandstone, brown and iron specked, heavy bedded __ 11 
9. Clay shale, greenish yellow, with clay-ironstone 

partings, 6-inch limestone concretions near base, 
at bottom I-inch purplish limy shale_________ 13 

8. Shale, yellowish, limy_ _____________________ ____ 3 
7. Sandstone, thickening to 9 feet on road 200 yards 

distant _______________________ 3 

Pueblo formation: 
Camp Colorado limestone member: 

6. Limestone, earthy, brown, fossiliferous, else-
where cut out by sandstone lens; no Myalinas 2 

5. Shale, yellowish, limy, fossiliferous; contains 
crinoids, Bryozoa, and echinoid spines but no 
Myalinas ____ --________ ___________________ 3 

4. Limestone, earthy, brown, fossiliferous.___________ 3 
3. Shale, yellowish, limy, fossiliferous, with many 

Myalinas _________________________________________________ 2 

2. Limestone, earthy, crowded with fossils, including 
Myalinas ____________________________ _ 4 

1. Shale, yellowish gray______________________________ 10 6 

43 6 

The Camp Colorado limestone (beds 4 to 6 of the above sec­
tion) is cut out in the exposure on the nearby road by the thick­
ening of the sandstone (bed 7), which there rests on shale carry­
ing Myalinas (bed 3). 

The Camp Colorado limestone seems to be represented west of 
Murray by a very sandy limestone bed carrying chiefly Myalinas 
and overlain by thick sandstone. 

South of Clear Fork the Saddle Creek caps an isolated butte 
near the railroad track on the Hamm ranch but was seen only in 
float on the ridge west of Crystal Falls. 
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The following composite section of the Pueblo formation was 
measured on the north side of Clear Fork from Huffstettle School 
west to a butte half· a mile east of the county· line filling station 
on the Breckenridge-Throckmorton highway, where the upper 100 
feet of the section was measured. 

Composite section of Pueblo formati on m southwestern Young County and 
northwestern Stephens County. 

Moran formation : 

Thickness 
Feet Inches 

31. Sandstone, gray, massive, in beds 2 to 3 feet thick_ 6 
Pueblo formation: 

29. Limestone, gray, coarsely crystalline, fossiliferous 
(Camp Colorado limestone member) ________________ 2 

28. Shale, yellowish buff; upper part limy, with 
Myalinas, lower part with sandstone partings___ 15 

27. Sandstone, platy, fucoidal, limy; plant fossils___ 2 
26. Shale, flaky, carbonaceous, with some coal partings- 11 
25. Limestone, earthy, brown __ :.._________________________ 2 
24. Shale, pinkish purple______________________ 28 
23_ Shale, pale purple ._________________________________________ 8 
22. Shale, purplish, grading downward to buff-gray, 

with sandy partings______________________________ 14 
21. Limestone, earthy __________________________ 3 
20_ Shale, bluish, vivid coloL_________________________ 5 
19. Shale, yellowish, weathering bluish along joints_____ 3 6 
18. Shale, bluish ________________________ 2 
17_ Shale, yellowish with purplish seams _________________ 5 
16. Limestone conglomerate lens, a few hundred feet 

long, composed of rolled pebbles of limy shale; 
sandstone nearby a t same horizon _______________ 2 

15_ Shale ___________________________________ 7 

14. Limestone, brown, fossiliferous, impure (Stock-
wether limestone member?) __________________ 6 

13_ Shale, carbonaceous _________________________ 24 
12. Sandstone, top layer covered with pelecypods, limy_ 2 
ll. Shale ________________________________ 6 

10. Sandstone, platy, replaced in part by limestone con-
glomerate 8 feet thick_______________________ 10 

9. Shale ______________________________________ 8 

8_ Limestone, a concretionary band, nonfossiliferous_ 6 
7. Shale, gray _______________________________ 3 

6. Sandstone, massive; thickens locally to 5 feet and 
thins within a few hundred feet to thin pebbly 
nonfossiliferous limestone conglomerate__ _________ 2 

5. Shale, gray and purplish; in places contains in 
upper 10 feet four or more ·bands of gray buff 
non fossiliferous earthy limestone lenses 2 to 4 
inches thick ____________________________________ 16 

4_ S..,andstone, massive, ferruginous, changing to lam­
inated gray sandstone; in places has small limy 
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Thickness 
Feet Inches 

pebbles cemented in red-brown limonitic sand; 
in places dark and calcareous .________________________________ 2 

3. Shale, fissile, lilac-colored, carbonaceolls, with yellow 
limonite partings; upper 3 feet sandy ___ ______________ 16 

2. Sandstone, dark, ferruginous, weathering purplish; 
breaks down to yellowish chips and flakes _______ 3 

1. Not exposed; probably shale____________ _________ ___________ 9 

Harpersville formation: 
Saddle Creek limestone member. 

207 

The Stockwether limestone member of the Colorado River sec­
tion, which occurs in the middle part of the Puehlo formation, 
could not be positively identified. It may be represented by a thin 
brown earthy fossiliferous limestone (bed 14 in the above section) 
that lies 105 feet below the Camp Colorado limestone and is best 
exposed in a small drain a mile east of the Breckenridge-Throck­
morton highway just north of Clear Fork. 

PERMIAN SYSTEM 

WICHITA GROUP REDEFINED (BASAL PART) 

The Moran and Putnam formations were placed in the Pennsyl­
vanian Cisco group by Plummer and Moore and were formerly 
so classified by the United States Geological Survey, but the Texas 
Bureau of Economic Geology now considers them to belong to the 
Permian Wichita group.5 They are so included in this report, 
but the Permian-Pennsylvanian boundary of this region is still a 
debated question. 

MORAN FORMATION 

Camp Colorado limestone member of Pueblo formation to Sed­
wick "imestone member of Moran formation. - The Moran forma­
tion is 213 feet thick. At its top is the Sedwick limestone mem­
ber, and at its base is a sandstone deposit, with which some shale 
is interstratified, resting unconformably upon the underlying Camp 
Colorado. In some places a few feet of shale rest conformably on 

5Sel1ards. E. H" Adkins, W. S., and P1umm er, F. B •• The Geology of Te xas, Vol. I. Stratjg­

rRphy: Un;v_ Tex. Bull. 3232, pp. 14()-144, 1932 [1933]. 
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the Camp Colorado below the unconformable sandstone, and this 
shale, as it lies below the unconformity, should properly be con­
sidered a part of the Pueblo formation, but in this area the over­
lap is negligible (PI. IV). 

The iower half of the Moran formation , like the lower half of 
the Pueblo formation, contains many thin lenticular sandstone 
beds, unconform.able at their base. The upper part is also similar 
to the upper part of the Pueblo formation in that it consists very 
largely of shale. Both parts of the Moran, however, contain 
numerous fossiliferous limestone beds, which are rare in the 

Pueblo. 

As the basal sandstone deposits of the Moran are underlain by 
the thick shale section of the Pueblo, they form the top of an 
escarpment which cuts across the region from southwest to north­
east. In the lower 100 feet of the formation there are four or 
more impure fossiliferous limestone beds from 8 to 18 inches thick, 
but they are nearly all followed closely by unconformable sand­
stones, none over 15 feet thick, which cut out the limestones 
from place to place. As the limestones are all similar in general 
character and are interrupted along the outcrop they are very diffi­
cult to follow and are best identified by their position under the 
sandstone benches, which can be followed more easily. These lime­
stones are generally gray, in sharp contrast to the limestones in 
the upper half of the Moran formation, which in places are bril­

liantly yellow. 

The upper 100 feet of the formation consists chiefly of shale 
interstratified with thin limestones. The shale beds are exposed in 
few places and, as the limestones are not very resistant, the result­
ing topography is rolling. The limestones of the upper part of 
the Moran formation are earthy and fossiliferous and generally 
dark gray, weathering to rather brilliant yellow or brown, with 
smoothish surfaces on exposure. They occur at intervals of 20 to 
30 feet and form a group that in color is unlike the limestones of -
any other part of the section. 

Sedwick limestone member.-The Sedwick limestone, at the top 
of the formation, consists of two limestone beds, each about 1 foot 
thick, separated by 7 feet of shale. These beds, which are similar 
in texture and color to those below, are distinguished by the 
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presence of silicified fossils, chiefly small gastropods. The lower 
bed also contains small amounts of diffused chert. Good outcrops 
of this bed occur on a crossroad south of the schoolhouse 371 
miles west of Woodson, where the bed is repeatedly exposed in 
and along the road for a distance of 171 miles. 

The following composite section was measured by plane table 
from the escarpment crossed by the Breckenridge-Throckmorton 
highway in southeastern Throckmorton County to the vicinity of 
the school mentioned above. The lower part was measured in the 
basin of Rust's Kings Creek, southeast of Woodson. 

Composite section of Moran formation in southeastern Throckmorton County. 

35. Sedwick limestone member: 

Thickness 
Feet Inches 

Limestone, thin bedded, buff; contains tiny silicified 
gastropods __ .... _ .. ________________________________ 1 

Shale, limy ____________ ________________ 7 
Limestone, dark gray, crystalline, weathering buff and 

yellowish; contains diffused chert and silicified 
gastropods; other fossils include numerous Myalinas 1 

34. Not exposed; probably shale_____________ 21 
33. Limestone, drab to gray, weathering buff, with rough 

pitted surface, nonfossiliferous____________________ 1 
32. Not exposed; probably shale____________________________ 23 
31. Limestone, medium crystalline; color varies from light 

gray to dark brown and chocolate-brown, weathering 
to smooth yellowish surface; upper part has finer 
texture and no fossils; lower part laminated and fos-
siliferous ________ ________________ _ 1 

30. Shale _____________________________________________ _ 30 
29. Limestone, earthy and sandy, fossiliferous; locally car· 

ries Myalinas __________ ________ _ 6 
28. Not exposed; probably shale________________ 3 
27. Limestone, dense, crystalline, very dark, weathering to 

drab, gray, buff, bright yellow, or brown, fossiliferous- 1 
26. Not exposed; probably gray shale______________ 6 
25. Sandy shale, with macerated leaf fragments, in places 

10 feet or more thick; apparently cutting into under-
lying sandstone ____________________________ 6 

24. Sandstone plates and soft sandy shale in bands with 
small tidal channels filled with sandstone every hun­
dred yards along road cuts_____________________________ 9 

23. Not exposed; · probably sandy shale _____________________ 17 
22. Sandstone, thick bedded and cross-bedded; contains 

lenses of conglomerate of earthy nonfossiliferous 
limestone ; 20 feet or less in thickness; where thick, 
the beds below are cut out _ _ ______ _ ~_______________ l3 

21. Shale, yellowish, limy, capped with residual lumps of 
leached buff, earthy nonfossiliferous limestone; thick-
ness varies ____________________________________________________________ 3 



82 The University of Texas Publication No. 3801 

Thickness 

Feet Inches 
20. Limestone, cr ystalline, fossil iferous, gray to brown, 

weathering away easily; basal part earthy and sandy__ 6 
19. Not exposed; probably shale _____________________________________ ____ 3 

18. Sandstone, hard , limy, and ripple-marked; thi s bed is 
more persistent locally than the associated limestones; 
the thickness is as much as 3 feet or more; it usually 
forms a ben ch _____________________________________________________ I 

17. Sandstone, limy, in plates and flakes _______ ._ _____ ___________ 3 
16. Limestone, crystalline, gray, brown, and yellow; in 

places this bed is grainy and pebbly and contains 
broken fossils; discontinuous ________________________________ I 6 

15_ Shale, yellowish, gray, weathered ______________ ____ _________________ 6 
14. Not exposed; probably shale _________ .:_________________________ 5 
13. Red shale ______________________________________________ !l 
12. Clay shale, bluish drab _____ .__________________________________ 8 
11. Sandstone, flaky, bleached white _________________________________ 2 
10. Sandstone, platy, specked with ironstone .______________________ 6 

9. Not exposed _______________________________________________________ 7 6 

8. Limestone, -impure, fossiliferous _________________________ 6 
7. Not exposed ________________________________________ II 

6_ Limestone, earthy, platy, fossiliferous .______________________ 6 
5_ Sandstone, reddish ; forms a hench _______________________________ 2 
4. Not exposed ____________________________________________________ 9 

3. Sandstone, in plates I to 3 inches thick __________________ I 
2. Sandstone, shaly __________________________________________ I 
1. Sandstone, in plates 6 inches thick __________________________ I 

Camp Colorado limestone member of Pueblo formation. 

215 6 

A senes of tidal channels filled with sandstone are exposed m 
successive road cuts along the highway 1% miles southeast of 
Woodson. 

P UTNAM FORMATION 

Sedwick limestone member of Moran formation to Coleman func­
tion limestone member of Putnam formation. - The identification of 
the Coleman Junction limestone member- the top of the Putnam 
formation- by the cooperative mapping committee of the Amer­
ican Association of Petroleum Geologists is herein accepted. (See 
PI. IV. ) In southwestern Throckmorton County the Putnam forma­
tion is 205 feet thick. Practically the whole of the section is shale, 
though the lower part, which crops out under the outwash at the 
base of the Coleman JUI\ction escarpment, was not seen. The shale 
is for the most part mildly variegated in color, and in the upper 

50 feet there are some thin, inconspicuous sheets of fine-grained 
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sandstone involved with irregulariti es of deposition that suggest 
contemporaneous erosion. 

At 51 feet below the Coleman Junction limestone there is a bed 
of very earthy limestone about 1 foot thick, which carries a gastro­
pod fauna. This bed was noted north of the point where the h igh­
way west from Woodson crosses the escarpment. It is discontinuous 
and seems to have been eroded and replaced locally by a thin deposit 
of red shaly sandstone, which elsewhere lies immediately above it. 

Coleman Junction limestone member.- The Coleman Junction 
limestone member in southern Throckmorton County is only 15 
inches thick. It is dark and fine textured, weathers to dark gray, 
yellow, or chocolate-brown, and is fossiliferous, though collecting 
is difficult, for it is resistant to erosion and weathering. Its resistance, 
combined with its position above the thick shale section of the Put­
nam formation below, results in a strong escarpment, the most prom­
inent topographic feature of the county, striking across the region 
from southwest to northeast. 

The following composite section was measured along the road 
west from Woodson in Throckmorton County: 

Composite section 0/ Putnam formation west 0/ TV oodson, Throckmorton 
County. 

Thickness 
Feet Inches 

30. Coleman Junction limestone member.._ ..... __________________________ 1 3 
29. Shale _______________________________ ________ __________________ _____ 5 

28. Sandy limestone, smooth textured, gray, nonfossiliferous, 
weathering to fine sandstone___________________________________ 1 

27. Shale, weathered _________________________________________________ 19 
26. Shale, limy, yellowish, gray, and greenish_____________________ 20 
25. Shale, red ________________________________________________________________ 2 

24. Earthy limestone, weathered to leached red crusts, non-
fossiliferolls _____________________________________________ 6 

23. Sandstone, red, flaky ________ ~________________________________________ 6 
22. Shale _________________________________________ _______________________ 2 

21. Limestone, earthy, dense, greenish, weathering to leached 
brown porous lumps, fossiliferous, containing especially 
gastropods ________________________________________________________________ 1 

20. Shale, red and brown __________________________________ _________________ 1 
19. Sandy shale, greenish ___________________________________________ _______ 3 
18. Sandstone, fine grained, greenish ___________________________ ____________ 1 
17. Shale, greenish ________________________________________________________________________ 5 6 
16. Shale, limy, fonning a band________________________________________________ 3 
15. Shale, greenish ___________________________________________________ 1 
14. Shale, purplish and gray________________________________________________ __ 3 6 
13. Clay, with small chalky concretions where weathered ____ 1 
12. Shale, brown, coaly, with purple and yellow partings ___ 1 
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Thickness 
Feet 

11. Shale, bluish, coaly, brown partings________________ 1 
10. Clay shale, olive·green .___________ _____________________________ 3 
9. Shale, ·fissile, bluish and brownish, coalY-______________ 3 
8. Not exposed; probably shale_____________ _ _______ 47 
7. Sandstone, soft, reddish gray.________________________ 1 
6. Sandstone, limy, in flakes and plates ._________________ 1 
5. Not exposed ; probably shale __________________________________ 15 
4. Limestone conglomerate, composed of small pebbles, 

non fossiliferous earthy limestone, lenticular ________ 1 
3. Shale, limy, bluish gray __________________________ .______ 3 
2. Sandstone, limy, greenish; weathers to flaky laminae ___ 3 
L Not exposed; probably shale; local deposits of lime· 

stone conglomerate near base. __________________ 57 

Sedwick limestone member of Moran formation. 

205 

SUMMARY OF FORMATIONS 

Inches 
6 

The following list shows the thickness of formations measured 
along Brazos River in Young, Stephens, and Throckmorton counties. 
Unconformities are indicated only where they occur between the 
formations. Details of the sedimentation are shown in the columnar 
section (PI. IV). 

Thickness of formations along Brazos R iver in Young, Stephens, and Throck­
morton counties. 

Feet 
Permian system: 

Wichita group redefined (basal part) (418 feet) : 
Putnam formation _______________________________ 205 

-Moran formation _ _________________________________ ._. ___ 213 
Unconformity. 

Pennsylvanian system: 
Cisco group restricted (1148 feet) : 

Pueblo formation _______ ______ _ _______________________ 207 
Unconformity. 
Harpersville formation ______________________ _ ___________ 233 
Thrifty formation (top of Breckenridge limestone to top 

of No. 9b limestone of Wayland shale} ___________________________ 151 
Unconformity and overlap. 
Graham formation (top of No. 9b limestone of Wayland 

shale member to base of Salem School limestone mem-
ber) __________________ ________ ___________________ ._ 557 

Unconformity. 
Canyon group in part (161 feet )' : 

Caddo Creek formation (base of Salem School limestone to 
top of Ranger limestone member) ____________________ 161 

1727 
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DEPOSITIONAL CYCLES 

In the many depositional cycles seen in the Cisco group there 
does not seem to be anything systematic in the sequence of deposits 
beyond that ordinarily to be expected where an eroded area changes 
from a land area to a marine basin and back again. Only to the 
extent that the first deposits on the eroded surfaces are usually but 
not invariably sandstone and that this is usually followed by the 
return of marine conditions is there any orderly sequence of beds 
in the cycles of deposition. 

A skeleton outline of the sequence of deposition for the most 
distinct cycles is given below, the beds in each cycle being arranged 
in chronologie order from the top down. All the cycles except the 
first are interrupted at the top by erosion surfaces, the later beds 
of each cycle having been removed. The sequence in the Kisinger 
cycle is the most nearly complete noted. . 

Kisinger channel cycle : 
6. Fossiliferous shale. 
5. Black shale, gypsiferous. 
4. Fossiliferous limestone (Salem School limestone). 
3. Fossiliferous shale (thin). 
2. Sandy shale, coaly in places (macerated leaf fragments) . 
1. Conglomeratic sandstone. 

Post-Bunger No.1 cycle: 
4. Fossiliferous limestone. 
3. Sandy shale and thin sandstone streaks with macerated plant 

fragments. 
2. Fossiliferous limy sandstone. 
1. Conglomeratic sandstone. 

Post-Bunger No. 2 cycle: 
2. Clay shale. 
1. Conglomeratic sandstone . 

. Post-Bunger No. 6 cycle: 
4. Limestone, sparingly fossiliferous. 
3. Lenticular sandstones and sandy shale. 
2. Sandy fossiliferous limestone and coral bed. 
1. Sandstone (conglomeratic in center of channel). 

Post-Bunger No. 9 cycle (including Wayland shale): 
-6. Fossiliferous limestone (No. 9b limestone) . 
5. Nonfossiliferous clay shale (with fossiliferous limestone 

lentil ). . 
4. Fossiliferous shale. 
3. Fossiliferous limestone (No. 9 limestone). 
2. Sandy shale, macerated plant fragments, in places almost 

coaly. 
1. Conglomerate with limestone and chert pebbles derived from 

local sources (thin, probably a buried stream gravel). 
Beds 3 to 6 in the above cycle are Wayland shale. Beds 1 

and 2 are channel deposits. 
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The orderly recurrence of beds in the cyclothems of the interior 
basins recognized by Weller, Wanless, Moore, and others was not 
observed in the cycles of this area. The fluctuations of sea level here 
seem to have been too violent and too frequent and sedimentation 
too erratic to leave a record of rhythmic deposition. It is probable 
that in some cycles, as the No.2 cycle, the advance of the sea was 
only partial and the region was reelevated before the return of 
marine conditions. In the No. 1 and No. 6 cycles repetitions of 
marine limestone appear to have taken place before the following 
reexposure. In the No. 9 cycle there were three distinct marine 
limestones but the intervening nonfossiliferous shale may also be 
marine. 

GEOLOGIC HISTORY 

The total thickness of the strata from the Salem School limestone 
in southeastern Young County to the top of the Coleman Junction 
limestone in southern Throckmorton County is 1556 feet. This 
figure, of course, does not include overlapping unconformable 
deposits or channel deposits, which in the aggregate amount to 
several hundred feet. It is evident that the period during which 
the sediments were laid down was much longer than that indicated 
by the present thickness of the strata, for much time is represented 
by deposition of beds later eroded, by erosion, and by redeposition, 
although the simple channels, even when deep, represent relatively 
short intervals of time. The periods in which general erosion took 
place, as during the No. 1, No.3, No.7, and No. 9 post-Bunger 
cycles of the Graham formation, the pre-Avis and post-Avis cycles 
of the Thrifty, and perhaps an erosion period below the Saddle 
Creek, were undoubtedly of considerable duration. 

The history of the region was ope of frequent and at times exten­
sive withdrawals of the sea. These oscillations, as shown by the 
conglomeratic deposits of the Canyon group in Palo Pinto County, 
had been going on for a long time before the Cisco epoch. These 
deposits not only represent withdrawal of the sea from the area 
but also reelevation of the Ouachita Mountains and their extension, 
from which the great quantities of chert were derived. The fact that 
the highest cherty conglomerates of the section occur in the upper 
part of the Harpersville formation indicates that the Ouachita Moun­
tains were still being elevated up to that time. 
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Using the thickness of the sedimentary rocks as a rude time gage, 
it may be said that the fluctuations of sea level were intermittent 
in the early part of the Graham epoch and became increasingly 
more frequent and pronounced toward its end. In its final stage 
there was a period of stability during the deposition of the Wayland 
shale. 

This sedimentation was followed by extensive withdrawals of the 
sea both before and after the Avis epoch, in early Thrifty time, and 
by relatively quiet conditions during the deposition of the late 
Thrifty beds, though the presence of the stump of a tree in place in 
the upper part of the formation indicates that oscillation was still 
going on, though not expressed by obvious unconformity. The 
Harpersville formation began at a time of moderate fluctuation, 
during which there were hrief conditions favorable to the formation 
of coal, but the deposition of the Newcastle coal was followed by 
at least one notable withdrawal of the sea, during which there was 
extensive erosion and the final deposition in this area of conglom­
eratic sandstone. Oscillation of sea "level continued during the early 
part of the Pueblo epoch, and this area was apparently near the 
shore line, which, though fluctuating, remained relatively constant 
in position. Although there was considerable oscillation of a minor 
character, with erosion, which locally removed thin limestones and 
other beds during early Pueblo time, none of these periods of ero­
sion seem to have cut very deeply into the deposits, and there are 
no thick beds of sandstone or conglomerate. 

During the later part of Pueblo time conditions were again rela­
tively more stable, but during early Moran time condi tions favor­
able to limestone deposition alternated with conditions during which 
erosion of the limestones was followed by the deposition of sandstone. 

In later Moran time and during Putnam time, now considered to 
be Permian by the Texas Bureau of Economic Geology, the sedi­
ments were deposited under more stable and quiet conditions than 
during any part of the Cisco epoch. These deposits, which consist 
of thick shale beds and thin yellow limestones, show scar~ely any 
evidence of near-shore deposition, though lenticular deposits of 
nonfossiliferous lime conglomerate occur at intervals in what appear 
to be tidal channels. 

As regards diastrophism, evidences of oscillation of sea and land 
are relatively few in the lower Graham, but sea withdrawals became 
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more frequent in late Graham time, with increasingly violent expres· 
sion up to the erosion period that followed the deposition of the 
Avis sandstone. After this event there was relative quiet, the oscil­
lations increasing again through the Harpersville epoch and declin­
ing in violence to middle Pueblo time. Late Pueblo time was a 
period of quiet, but during early Moran time disturbances of a 
minor character were again recorded, and through late Moran and 
Putnam time static conditions prevailed. 

The diastrophic division points, as indicated in the Brazos Valley, 
would seem to be at the close of the No.8 post-Bunger cycle, at the 
top of the Avis, in the middle of the Pueblo, and in the middle of 
the Moran, each point recording in this area a cessation of active 
oscillatory movements. 

It is worthy of comment that the greatest change in the fusulinids 
occurs between post-Bunger cycles No. 8 and No. 9, i.e., just prior 
to the Wayland shale. Seven (perhaps nine) of the seventeen species 
of fusulinids recognized in the collections from the Cisco first appear 
in the Wayland shale and four species present in older beds of the 
Cisco are not found in the Wayland shale or higher beds. (See 
chart of Lloyd G. Henbest in another part of this report.) This 
member of the Graham formation and the underlying shales rest 
on one of the most maturely dissected and deeply eroded surfaces 
in the Cisco group and this fact together with the introduction of so 
many new fusulinids in this member indicates important changes 
and a longer than 1,lsual interruption between the cycles. 

ECONOMIC APPLICATION OF RESULTS 

There has been heretofore much confusion in the correlation of 
the discontinuous outcrops of the thin limestone beds in southern 
Young County and adj oining areas. The determination of the rela­
tive position of the limestone beds in the stratigraphic column 
should make possible the working out of structure in some areas 
in which the folding has heretofore been obscure. It should be 
possible. also to add to the available datum planes used in deter­
mining structure, the tops of some of the sandstone deposits, 
though on account of the numerous unconformities that occur it 
will be necessary to proceed with considerable caution in their 
use, for not all are of equal value as datum planes. In order to 
use a sandstone it will be necessary to make sure that its top has 
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not been eroded. Where a sandstone is overlain conformably by 
shale and a sharp break in sedimentation occurs, as at the top of the 
sandstone of the No.2 post-Bunger cycle, the contact is valuable as 
a datum but the top of the sandstone that overlies the Gonzales 
limestone is not a good datum, for it grades into the overlying shale 
with interbedded sandstones so that its top is indefinite and cannot 
be identified from place to place. 

The recognition of the various types of sand bodies should con­
tribute materially to their understanding where they are encoun­
tered by the drill in oil pools. The development of an oil pool 
in a lenticular sand deposit of the channel type would proceed 
rather differently from that of 11 pool in sand of the sheet type. 
The recognition of the nature of these sand bodies may help to 
explain the eccentricities of some oil pools and hence aid in their 
economic development. 

The presence of gas in the Shell (Roxana) -Jacob Whittenburg 
survey A-1860 No. 1 well in the sandstone of the Kisinger chan­
nel, noted by Lloyd E. Wells in the course of his work in the 
Bunger pool, though not important in itself, shows that such chan­
nel deposits under favorable structural conditions may furnish 
traps for the accumulation of oil and gas. 

Perhaps the most significant discovery is the extraordinary relief 
at the base of the beds of the No.9 post-Bunger cycle of erosion. 
This surface, which has a relief of not less than 200 feet, formed 
a range of hills now exposed north and northeast of Graham, 
capped by a group of limestones here named the Rocky Mound 
limestone member. The Wayland shale originally overlapped on 
this range of hills but was later partly eroded where it had been 
deposited over the crest. The buried ridge with its flanking de­
posits of shale was later covered by Avis sandstone and still later 
sealed by the deposition of late Thrifty shales. This limestone­
capped buried ridge and its overlying and flanking sandstone 
where deeply enough buried would present conditions favorable 
to the accumulation of oil, in somewhat the same way as buried 
reefs. The differential compaction on the flanks of the ridge may 
have produced arching over the crests of the ridge, and the sand­
stone overlying it and the ancient weathered limestone itself might 
provide adequate porosity for the accumulation of migrating oil. 
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Although no work has been done on the problem, there is reason 
to suspect that some of the pools of Archer County and northern 
Young County occur where the structure is of this type. The rec· 
ognition of the actual conditions shou~d result in more economical 
development of established pools and the development of exten­
sions from the subsurface data now available. 



STRATIGRAPHY OF THE CANYON AND CISCO GROUPS ON 
COLORADO RIVER IN BROWN AND COLEMAN 

COUNTIES, TEXAS 

C. O. NICKELU 

PENNSYLVANIAN SYSTEM 

ST RAWN GROUP 

MINERAL WELLS FORMATION 

The base of the Canyon group in the Brazos River valley, where 
it was first described by Cummins in 1891, is the base of the Palo 
Pinto limestone. Neither this limestone nor its horizon has yet 
been fully identified in the Colorado River valley, so that the 
exact base of the Canyon group and top of the Strawn group in 
that area are still in doubt. The Palo Pinto limestone has at vari­
ous times been correlated with the Capps limestone and higher 

lSince the fi eld work of this r eport was completed by C. O. ·Nickell in Brown and Cole· 

man counties a similar scction by Dr. Fred M. Bullard and Dr. Robert H . Cu yler of The 

University of Texas has been published for McCulloch County, Texas, south of Colorado 

River (Upper P ennsylvanian and lower P ermian sec tion of Colorado River va lley, Texa s : Univ. 

Texas Bull . 3501, p. 191, 1935 [1936]. Some differences appea r in the measured sections of 

the two reports. Since the maps join at Colorado River it is poss: ble to compare the h eds 

as mapped where they cross. It thus appears that the Hom e Creek, Ranger, and "Cherty 

limestone" of Niqkell 's report are the same respec tively as BungeT, Home Creek, and Ranger 

limestone of Bullard and Cuyler, a conflict anticipat ed Bnd fully explain ed in the Nickell text. 

A di screpancy in thickn ess occurs b etween th e top of the Winchell formation and the top 

of Plumm er and Moore's H ome Creek (the Bunger of Bullard and C~yler), the correspond. 

ing b eds of Bullard and Cuyler's section being over 100 fee t thicker tha n Nickell 's for this 

interval. Wells on the Gill rapch s tarling jus t above the outcrop of the H ome Creek north 

of the river show the interval from the top of this bed to the base of the Adams Branch 

as 400 and 410 feet. The same interval in the measured sections of Bullard and Cuyler is 

392 fee t and only 305 feet in the Nickell sec tion. Th e la tter sec tion is there fore in error 
by th"is difference. The error is cumulative, the grea ter part, however , occurring in the 

shale sec tion of the Bra d form a tion. It is p erhaps due to slumping of the rim rocks in the 

bluff sec tions of Colorado R iver where the component sec tions were measured or to errors 
introduced in the compilation of Nickell 's notes. 

Another discrepa ncy appears in the interval be tween the Chaffin limes tone and the Gun· 

sight limes tone which Nickell found to be 260 feet but Bullard and Cuyler only 190 feet. 

In this case two wells, Humphre s Bros. No. 1 Floyd and Rutherford No. I , drilled 2 miles 

and 2% miles resp ec tively wcst of Whon support Nickell. These -wells start ing just below 
the outc rop of the Chaffin or Breck enridge limes tone found the interval to be slightly in 

excess of 260 feet to the top of the Gunsight. The log of the Floyd well shows the Speck 

Mountain a nd Bellerophon beds b elow the Chaffin. Nickell bas traced both these beds across 

the area to Colora do River, where at the type locality they are b elow the Chaffin limestone 

correlated with the Breckenridge. No mention is made of the Bellerophon bed south of the 
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beds. Cheney/ in 1932, suggested the correlation of the Palo Pinto 
with a thin yellow limestone 100 feet above the Capps limestone.s 

This change in <;orrelation, of course, augments the thickness of 
the Strawn, throwing into that group the Capps limestone and a 
considerable part of the shale that was formerly included in the 
lower part of the Graford formation when the horizon of the Palo 
Pinto limestone was considered to be below these beds. The Capps 
limestone is here treated as a l1lember of the Mineral Wells for­
mation, the upper formation of the Strawn group. The older Ricker 
sandstone is also a member of the Mineral Wells formation. 

Ricker sandstone member.- The Ricker member is composed of 
sandstone and conglomerate, and is undoubtedly an unconformable 
deposit laid down after one of the periods of erosion that were so 
frequent in Pennsylvanian time in this region. It was named by 
Drake for a post office east of Brownwood and is shown at the 
base of the section measured near Brownwood. This bed corre­
sponds closely in position with a sandstone bed in the section 
measured by R. T. Hill 10 miles farther north, but toward the 
south the conglomerate bed at the mouth of Clear Creek (bed 
13 of the Winchell section, p. 99), identified by Drake as the 
Ricker, seems to be considerably higher in the section. (See fig. 6.) 

On State highway No.7, 6 miles east of Brownwood, near the 
type locality, the Ricker member consists of 6 feet of conglom­
erate and an estimated thickness of 20 feet of sandstone beneath it. 
The conglomerate is irregularly stratified, coarse sandstone and 
conglomerate grading upward into brown sandstone. It contains 
some dense, hard, fossiliferous limestone pebbles 3 inches or less 

river and though conspicuous north of the river it may be absent or obscure there. The out· 

crop of the Bellerophon bed 80 mapped north of the river seems to be at the approximate 

horizon of the Speck Mountain limestone shown south of the river. 

Above the Chaffin limestone the sections acc cssential1y in accord 8S to thickness. Nickell. 
however, accepted the id enti6cation of the cooperative mapping committee of the American 

P etroleum Geologis ts of the Sedwick and Horse Creek limestones in Coleman County. These 
two beds are mapped south of the river by Bullard and Cuyleti as Hardin School limestone 

and Sedwick limestone respec tively . The in1ervals, however, are the same, though there may 

be lome doubt as to which i. the Sedwick limestone.-W c llace Lee. 

!!Sellards. E. H .. Adkins, W. S .. nnd Plummer. F. B," The Geology of Texas, Vol. I, Stratig­
raphy: Univ. Tex •• Bull. 3232. p. no. 1932 [1933]. 

3Plummer. F. B .. in a le lter to WaIJace Lee dated May 28. 1935, indicates that unpub­
lished data tend to show that the Adams Branch limestone may ultimately be correlated witb 

one of the members of the Palo Pinto Hmeltone. but this information was n.ot available dul'­

ing the writing of the present report. 
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in diameter and many small pebbles of chert-red, brown, yellow­
ish, white, purple, gray, and a few black and green. The green 
pebbles are not so abundant as in higher beds that have been called 
Rochelle conglomerate by Drake and by P lummer and Moore. 

In the Winchell section there is considerable sandstone and con­
glomerate at horizons marked by shale at Brownwood. Although 
Drake considered the sandstones and conglomerates of the Winchell 
section to be the equivalent of his Ricker bed of the Brownwood 
area, it would seem more plausible to correlate them in part with 
the zone of conglomeratic beds of the Brownwood section (fig. 6) . 
The area south of Colorado River was not exarni~ed , but it seems 
not unlikely that the upper part of the coarsely clastic beds in the 
Winchell section is more or less contemporaneous with the Rochelle 
conglomerate of Drake, whose principal outcr~ps are to the south. 

Capps limestone mel7~ber.--The Capps limestone is a lenticular 
deposit of small area and considerable variation in thickness and 
texture. Where exposed on highway No.7, 6 miles east of Brown­
wood, it has a thickness of only 10 feet, a considerable part of 
which is shale, but thicknesses as great as 40 feet have been re­
ported. At this locality it includes three limestone beds, of which 
the lowest, 4 feet thick, is gray and highly fossi liferous. The mid­
dle bed, separated from the lowest by 2 feet of gray shale, is 1 
foot thick, brown, deme, and crys talline and carries few if any 
fossils. The upper bed, 1 foot thick and underlain by 2 feet of 
gray shale, is gray, dense, and crystalline and carries but few fos­
sils. The Capps limestone occupies small areas east of Brown­
wood but is so erratic in distribution that it is of little value as 
either a surface or a subsurface datum. A thin limestone near the 
base of the section at Winchell (bed 3, p . 100), which occurs at 
about the same horizon, may be its southern equivalent, though 
elsewhere in the Winchell area the bed, if present, is not generally 
exposed. In the Brownwood area it is separated from the top of 
the Ricker member by 30 feet of gray shale, near the base of which 
there is a small coral reef, exposed in the road cut. 

CANYON GROUP 

The following table shows the subdivisions of the Canyon group 
in the Colorado River Basin as presented by Plummer and Moore 
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In 1921 and more recently by Sellards, Adkins, and Plummer in 
1933. The descriptions of the formations that follow are based 
chiefly on the divisions indicated In the later report. 

Plummer and Moore4 

Canyon group: 
Caddo Creek formation: 

Home Creek limestone member. 
Hog Creek shale member. 

Brad formation: 
Ranger limestone member. 
Placid shale member. 

Clear Creek limestone member 
[and Adams Branch limestone 
member of Palo Pinto County]. 

Cedarton shale member. 
Graford formation: 

Adams Branch limestone member. 
Brownwood shale. 

Shale. 
Capps limestone lentil. 

Rochelle conglomerate. 
Palo Pinto limestone (not present). 

Strawn group. 

Sellards, Adkins, and Plummer5 

Canyon group : 
Caddo Creek formation: 

Home Creek limestone member. 
Hog Creek shale membeF. 

Brad formation. 
Ranger limestone member. 
Placid shale member. 

Graford formation: 
Merriman limestone member ( for­

merly Clear Creek). 

Cedarton shale member. 

Adams Branch limestone member. 
Brownwood shale member r re­

stricted]. 
Palo Pinto formation. 

Strawn group: 
Mineral Wells formation: 

Shale. 
Capps limestone member. 
Shale. 
Ricker sandstone member. 

PALO PINTO FORMATION 

The Palo Pinto formation whose type locality is in Palo Pinto 
County in the Brazos Basin, is the lowest formation of the C~nyon 
group. Its exact equivalent in the Colorado River Basin has not 
yet been determined with complete satisfaction. For purposes of 

discussion, Cheney's provisional identification is herein accepted 

with the realization that further revision will probably be neces­

sary_ The bed of limestone correlated by Cheney with the Palo 

Pinto lies 221 feet 'below the top of the Adams Branch limestone 

in the Brownwood area_ It has a thickness of about 1 foot and is 

dense in texture and yellowish in color. 

'Plummer, F. B. , and Moore. R. C., Stratigraphy of the Pennsy lvanian formations of north. 

central Texas: Univ. Texas Bull . 2132, 1921. 

6Sellards, E. H" Adkins, W. S., and Plummer, F. B .. The Gcology of Texas, Vol. I, Stratig· 
raph y: Un ;v. T exa. Bull, 3232, 1932 [1933]. 
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GRAFORD FORMATION REDEFINED 

The Graford formation as originally defined by Plummer and 
Moore in the Brazos River valley, its type area, consists of all the 
strata from the top of the Palo Pinto limestone up to the top of 
the Adams Branch limestone as identified in that area. The so­
called "Adams Branch limestone" of the Brazos River valley, how· 
ever, was later reported by Cheney6 to be a higher limestone and 
the same as Drake's Clear Creek limestone of the Colorado River 
section, and also the same as Reeves' Merriman limestone mem­
ber in the Ranger distri~t, intermediate between Palo Pinto and 
Brown counties. In order to make the Graford formation of the 
Colorado River section conform to that of the type locality, in the 
Brazos River region, the top of the Graford as previously drawn 
in the Colorado River Basin was raised by Sellards, Adkins, and 
Plummer7 to the top of the Clear Creek limestone of Dwke, and 
the term "Adams Branch" was abandoned in the north, on account 
of its double use. "Clear Creek" was also abandoned by them, 
because the name was preempted, and the term "Merriman lime­
stone" was expanded and used as a substitute. The limestone zone 
under discussion is, however, decidedly variable, being in some 
pl~ces a thick limestone bed and in others broken by shale part­
ings. As defined in the Ranger district the Merriman limestone of 
Reeves consists of a single 4-foot bed of limestone. On Colorado 
River the Clear Creek of Drake consists of two limestone beds, 
and in Palo Pinto County the beds used as the top member of 
the Graford formation consist of several prominent limestone beds 
separated by shale. The Clear Creek limestone of Drake, who in­
troduced the name, consists of two limestone beds separated by 
shale, the upper weathering yellowish or brownish. As so defined, 
it contains only the two lowest of a group of four limestone beds 
that appear to thicken and coalesce in central Coleman County, 
where the limestone is nearly solid and is ~ore than 100 feet 

thick, as shown in logs of wells only 15 to 20 miles distant from 

the type locality. 

eCheney, M. G. , Stratigraphic and structural studies in north-central Texas : Univ. Texu 
Bull. 2913, p. 19, 1929. 

?'Sellards. E. H., Adkins, W. S. , and Plummer, F. B., The Geology/ of Texas, Vol. It Stratig. 

raphy: Univ. Texas Bull. 3232, p. Ill, 1932 [1933] . 
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In view of the fact that doubt exists as to the exact relations 

of the Clear Creek limestone of Drake on the south to the thick 

group of limestones on the north and to the single 4-foot bed in 
the Ranger district, midway between, and as the Clear Creek itself, 

a definite unit, is only a part of the limestone group whose mem­

bers thicken down the dip and tend to coalesce, the name "Merri­
man" seems undesirable for this member. It is proposed, there­

fore, to include under the name "Winchell member" the group of 

limestones, in places separated by shales, occurring between the 

Cedarton shale member and the shale underlying the Ranger lime­

stone member, which was included in the Placid shale of Plummer 

and Moore, and to consider the Winchell as the uppermost mem­

ber of the Graford formation in the Colorado River region_ The 

upper member of the Graford in Palo Pinto County and the Brazos 

Valley consists of similar deposits, including a group of limestone' 

beds that thicken and thin, with shale beds of varying thickness 

between them. To draw the division line between the Graford and 

Brad formations at the top of this group of limestones probably 
makes a closer approach to the point of division between these 

formations in the Brazos Valley than to draw it at the top of the 

Clear Creek and consequently is more in keeping with the orig­

inally proposed limits of these formations. 

The interval from the top of the Palo Pinto limestone of Cheney 

to the top of the Winchell member, an interval which may ulti­

mately be found to include parts of the Palo Pinto of other areas, 

is 357 feet. It will be convenient to refer to the Winchell member 

and the Cedarton shale member (136 feet thick) as the upper part 

of the Graford and to the Adams Branch limestone and the under­

lying shale (221 feet thick) as the lower part of the Graford for­

mation. The following composite section of the lower part of the 

Graford was measured in the Brownwood area in centra l Brown 

Co,unty, the intervals between conspicuous beds not superposed in 
the topography being determined by plane-table projections. 
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Composite section, in the Brownwood area, of lower part of Graford for· 
matio~ and upper part of Strawn grol£p down to Ricker sandstone member. 

Thickness 
Feet Inches 

Canyon group: 
Graford formation: 

25. Adams Branch limestone member (221 feet to Palo 
Pinto of Cheney): Limestone, hard, crystalline, 
chiefly gray, fossiliferous ._______________________________ 24 

24. Shale, light colored _______________________________ 2 
23. Shale, red to purple ___________________________________ 2 6 
22. Sandstone, light colored, sofL_________________________ 1 
21. Shale, red to purple __ ______________________ ,___________________ 1 6 
20. Sandstone _____ .__ _ ______________ ._____________________ __ ______ 6 

19. Shale, gray, weathering yellowish, some red and 
purple; streaks of light colored sandstone 6 to 
18 inches thick near top _______________________ 46 6 

18_ Limestone, with fusulinids___________________________________ 6 
17. Shale, gray _______ _ _________________________ ______ 12 

16_ Sandstone, buff to brown, soft, massive; has sandy 
shale parting in lower parL____________ _____________________ 11 

15. Shale, greenish gray, with stringers of brown sand-
stone 1 to 3 inches thick _______ _______ __________________ ____ ____ 6 

14. Sandstone, limy, brown, hard, fu coidal markings__ 8 
13. Shale, greenish gray, soft . _________ _______ . _______ ._ ______________ 64 

Zone of conglomeratic limestone beds (38 feet): 
12. Limestone conglomerate and sandy lime, ex-

posed on old Coleman road south of old 
brick plant ___________ ______________________ _ 

11. Shale, gray ________________________________________________ _ 

10. Limestone conglomerate, exposed in southern 
part of Brownwood near shallow oil pool ____ _ 

9_ Shale, gray ____________________________________________ _ 
8. Limestone ___________________ ___________ ____________ _ 

7. Sandstone and sandy shale, cross-bedded, ex­
posed at shale pit of Texas Brick & Tile 
Company _______________________________ ________ _ 

6. Gravel conglomerate, with some limestone 
pebbles _____________________ _______________ _ 

5_ Shale, gray ______________________________ ____ . __________________ ____ _ _ 

4. Palo Pinto limestone of Cheney (limestone, yellow, 
dense) ___ _______ ___________________________________________________ _ 

Strawn group: 
Mineral Wells formation: 

3. Shale, greenish gray, in part fossiliferous _________ _ 
2. Capps limestone memher (10 feet): 

Limestone, gray, crystalline, fossiliferous. ___________ _ 
Shale, gray ______________________________ _ 
Limestone, brown, crystalline ______________________________ _ 
Shale, gray __________________________ ..:: ________ _ 
Limestone, contains many corals ______________________ _ 

1. Shale, gray __________________________________________________ _ 

Ricker sandstone member. 

2 
23 

1 
4 
1 

6 

1 
11 

1 

111 

1 
2 
1 
2 
4 

30 

373 2 
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The following composite section of the lower part of the Graford 
formati on was measured in the Winchell area near Colorado River. 

Composite section of lower part of Graford formation in Winchell area, 
Brown County. 

Thickness 
Feet Inches 

Graford formation: 
Adams Branch limestone member (225 feet to approximate 

horizon? of Palo. Pinto limestone of Cheney) : 
41. Limestone, gray, bedded, fo ssiliferous _______________________ _ 

Shale member (214 feet to approximate horizon? of Palo 
Pinto) : 

40. Sandstone, gray, sofL ___ __________________________________________________ _ 
39. Shale, gray _______________________________________________________ _ 
38. Sandstone, soft, brown ________________________________________ _ 
37. Shale gray ____________________________________________________________________ _ 

36. Sandstone, soft, yellow, about 1 foot of conglom-
erate at the base ____________________________________________ _ 

35. Shale, gray, some red and purple in upper parL __ 
34. Limestone, yellow, crystalline, fossiliferous in parts __ 
33. Shale, gray, with some red and purple ________________ _ 
32. Sa n d s to n e, gra y, so ft, bed ded ___ ___________________________________ _ 
31. Shale, gray, some purple, some parts sandy __ _______ _ 
30. Sandstone, gray, soft, cross-bedded ________________________ _ 
29. Shale, gray, some red at top ____________________________________ _ 
28. Sandstone, gray, soft, part cross·bedded _________________ _ 
27. Shale, gray, sandy _________________ , _____________________________________ _____ _ 
26. Sandstone, gray, soft, cross-bedded _____________________ _ 
25. Shale, gray, with clay-ironstone bands in upper and 

lower parts; near middle some blue shale with 
small plant fragments ____________________________________ ._ .. __ . ______ _ 

24. Limestone, fossiliferous ._. __ . __ . ______ ._. _____ .. _. ____ . __ .. __ . __ _ 
23. Shale, gray, fossiliferous_ ... __________ .. __ ._ .. _. __ . ___ .. _______ . ___ _ 
22. Shale, limy, foss iliferous ____ . ______ . _____ ... _____________ ._. ________ ._._ 
21. Shale, gray . __ . _____ . _____ .. ___ ... ___ . __ . ______ . ____________ . ______________ _ 
20. Limestone, nodular, yellow, foss iliferous ___ .. ___ ... ___ . __ ._ 
19. Shale, limy __________ .. __ ._._ ._._ .. _______ .. ____________ ._. __ .. __ .. _________ ._ 
18. Shale, gray ___ .. __ ._ .. _._ .. ____ ... _____ . _____ .. _ .. __ . ______ .. ___ ... _._. _______ . 
17. Sandy lime, fossiliferous _._._. ______ .... ___ .. _. ____ ... ___________ _ 
16. Sandy shale, gray ... _________ . ___________________ . ________________ . __ _ 
15. Shale, blue, fossiliferous . ___ . _______ .... _._ .. ___ . ____ ._._ .. _____ .. _____ _ 
14. Shale, covered _____ .. _________ . __ . _______ . ___ __ .... __ ._ .. ________ . __ ._ .. _. ___ .. . 
13. Cherty gravel conglomerate ............ _____ ....... ____ . __ ...... __ .. . 
12. Shale, gray to greenish gray ._ .. ____________ ..... _ ..... __ .... ____ . __ 
11. Sandstone (approximate horizon? of Palo Pinto lime· 

stone of Cheney) ______ ._ ...... _ .... _ ..... _._ .... ___ .... ____ ._. ___ ..... . 
Strawn group : 

10. Shale, gray to greenish gray .... _ .............. _ ..... __ . __ ........ ___ .. _ 
9. Gravel conglomerate, not so much chert as that above 

or below, some purpl e, some fossils _ ....... ____ ....... _ ... ___ .. 
8. Shale _._._ .... _ .. _ ... _ ... _. __ .......... _ ...... __ .. _._ ......... _ .. __ .. _ ..... _ .... __ ... _ 
7. Sandstone, brown, and cherty gravel conglomerate; 

most pebbles half an inch or smaller in diameter, 

11 

1 
12 
2 
1 

6 
34 
1 
6 
3 
6 
5 

12 
3 
3 
8 

44 
6 

8 
6 

7 
6 
6 

3 
3 
2 
6 

23 
3 

10 

6 

15 

1 
6 
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Thickness 

Feet Inches 
some as much as 2 inches ; some green pebbles but 
brown and white predominanL___________________ 7 

6. Shale and sandy shale___________________________________ 10 
5. Sandstone, white, soft, massive ; some ripple marks.___ 3 
4. Shale ________ ____________________________________ 12 

3. Limestone, very fossiliferous (Capps ? limestone mem-
ber) ____________________ -'-__________________ 1 

2. Shale, gray, sandy ; weathers yellow_________________ 17 
1. Sandstone, soft, brown, in creek bed ._______________ 30 

327 6 

The sections measured at Brownwood and Winchell are compared 
with the hithereto unpublished section measured by R. T. Hill 10 
miles north of Brownwood, given by Mr. Hill's permission in fig· 
ure 6. As Winchell is 18 miles southwest of Brownwood, the cross· 
section has a spread of 28 miles. Several thin limestones are 
omitted from the sections .. 

LOWER PART OF THE GRAFORD FORMATION 

Lower shale member.- The base of the Graford formation is 
tentatively considered to be at the top of the thin limestone which 
Cheney has provisionally correlated with the Palo Pinto limestone. 
The character of its beds below the Adams Branch limestone is 
shown in the preceding sections measured at Brownwood and 
Winchell and in the accompanying graphic section (fig. 6). In the 
Brownwood section, in the basal part of the lower shale member, 
there is a zone of conglomeratic beds (beds 6 to 12), 38 feet 
thick, whose top is 172 feet below the top of the Adams Branch 
limestone. These conglomeratic beds are thin and seem to repre· 
sent unconformities of no great magnitude in this locality. The 
upper two beds (10 and 12) consist of broken and eroded frag­
ments of limestone and are the remains of earlier, probably thin 
limestone beds at approximately the same horizon. The lowest con· 
glomerate bed (bed 6) contains limestone pebbles in a thin chert 

conglomerate and is overlain by 6 feet of sandstone. These beds 

suggest that the locality was at the time a marginal area where 

the advance and retreat of the sea alternately cause~ deposition 

and erosion of limestone beds. It is probable that landward, 
where relief caused by retreat of the sea was greater, the same 
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movements may have caused greater erosion and more pronounced 
unconformity. 

Eleven feet below the lowest of these conglomerates (bed 6 of 
. the Brownwood section) is the thin bed ' of yellow dense limestone 
that has been provisionally correlated by Cheney with the Palo 
Pinto limestone of the Brazos Basin. It is not strikingly different 
from the partly eroded limestones above, and they may all belong 
to a group representing the fingering out of the Palo Pinto lime· 
stone toward the Central Mineral region, on whose flanks the 
eroded pre·Pennsylvanian surface was still not completely covered 
by the deposits of the Pennsylvanian seas. With the possible 
exception of the highest of these limestones (bed 12) they are 
not represented in the Winchell section, their place being occu· 
pied by a series of erratic sandstone beds which extend down to 
the horizon of the Ricker bed as identified by Drake in the Brown­
wood area. 

The sandstone and basal chert and limestone conglomerate 
(beds 6 and 7 of the Brownwood section) are 7 feet thick and no 
doubt represent an unconformity. This sandstone is notably thicker 
at some points between Brownwood and Colorado River, and Drake, 
who also worked south of the river,S considered that it might be 
the equivalent of his Rochelle conglomerate (probably on account 
of the basal conglomerate). The approximate equivalence of the 
conglomeratic sandstone of the Winchell section (identified in that 
area by Drake as the Ricker bed) with that at Brownwood is sug­
gested in figure 6. 

That part of the lower shale member of the Graford (bed 13 
of the Brownwood section) immediately above the conglomeratic 
zone is well exposed in the shale pit of the Brownwood Brick 
& Tile Company, not far southwest of Brownwood. This deposit 
consists of 64 feet of greenish-gray soft shale. It is overlain by 
8 inches of limy sandstone and 6 feet of greenish-gray shale inter­
stratified with thin stringers of brown sandstone. Above this shale 
there is a persistent bed of soft massive brown sandstone inter­
stratified with some breaks of sandy shale. At the shale pit the 
limy sandstone is 11 feet thick, but elsewhere it is about 6 feet. 

8Drake. N. F., Report on the Colora do coal fi eld of Texas: Univ. Texas Bull. 1755, p. 28, 

1917. 
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West of Brownwood it forms a prominent bench about halfway 
down the slope of the escarpment formed by the Adams Branch 
limestone. In the Winchell area a group of sandstones interstrati­
fied with shale 46 feet in total thickness (beds 26 to 33 of the 
Winchell section) occurs at this horizon. In this area the beds are 
soft, porous, and partly cross-bedded. 

Fusulinid-bearing limestone.--A thin fusulinid-bearing limestone 
(bed 18) occurs in the section on the highway west of Brown­
wood 12 feet above a sandstone bed and 54 feet below the Adams 
Branch limestone. In the Winchell section this thin limestone (bed 
34) is 6 feet above a sandstone bed and 56 feet below the Adams 
Branch limestone. 

Although this fusulinid-bearing bed is less than 1 foot thick it 
forms the top of the first escarpment east of the Adams Branch 
escarpment in the Winchell area. It has a wide distribution and has 
been correlated by Cheney9 with a thin bed near Metcalfe Junction, 
Palo Pinto County, in the Brazos River Basin. 

That part of the lower shale member of the Graford from the 
top of this thin limestone bed up to the base of the Adams Branch 
limestone in the Brownwood area consists largely of gray shale 
weathering yellowish but showing some red and purple beds. The 
uppermost 8 feet is chiefly red to purplish and contains two thin 
beds of sandstone. In the Winchell area the same characteristics 
persist except that the upper sandy deposit is 22 feet thick and the 
bottom 5 feet of soft yellow limestone is pr!!ceded by a basal con­
glomerate 1 foot thick. The variable thickness of this sand, together 
with the presence of a basal conglomerate in the area of greatest 
observed thickness, suggests that there may be an unconformity 
shortly below the base of the Adams Branch limestone. 

Adams Branch limestone member.- The escarpment of the Adams 
Branch limestone is a prominent topographic feature from Brown­
wood south to Colorado River. At the Santa Fe quarry, south of 
Brownwood, it has a thickness of 24 feet, but the thickness seems 
to vary considerably. At the bridge over Colorado River near 
Winchell the thickness of the Adams Branch is only 11 feet, and 
midway between Brownwood and the river, in a road cut, the mem­
ber consists of interstratified limestone and shale only 6 feet thick. 

9Cheuey, M. c., Stratigraphic and s tructural studjes in north·cenlral Texas: Univ. Texas 

Bull. 2913, p. 19, 1929. 
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Robert T. Hill gives it a thickness of 30 feet 10 miles north of Brown­
wood, but farther north, toward the Cretaceous overlap, it is re­
ported to thin rapidly. The thickness of the scarp-forming limestones 
is difficult to determine, for although the beds stand out prominently, 
weathering commonly removes the upper beds from the high point 
of the escarpment, and the topmost bed is likely to crop out incon­
spicuously some distance down the dip slope. 

At the Santa Fe quarry the limestone is white, but weathers 
bluish. It is stratified in beds 1 inch to 2 feet thick, of uneven 
texture and separated by wavy partings. Most of the beds are hard, 
crystalline, and finely marked with veins of calcite. The limestone 
is fossiliferous, containing conspicuous crinoid stems and brachio­
pods. At the base of the member, in the quarry, a single I-foot 
bed of gray sandy limestone is separated from the thick mass of 
limestone above by a 3-foot bed of gray sandy shale containing pyrite 
crystals. 

The so-called "Adams Branch limestone" of Palo Pinto County, at 
one time correlated with the Adams Branch limestone of the type 
locality in Brown County, has been found to be equivalent not to 
the Adams Branch but to the higher Clear Creek limestone of Drake. 
To avoid confusion arid duplication, the name "Clear Creek" was 
dropped and "Merriman limestone" was substituted. This correla­
tion was first published by Cheney/o in August, 1929, and earlier 
references in the literature to the Adams Branch in the area north 
of the Cretaceous overlap probably refer not to beds now considered 
to be equivalent to the Adams Branch limestone member of the 
type locality in Brown County, but to beds equivalent to the younger 
Clear Creek of Brown County, which were later assigned to the 
Merriman limestone by the Texas' Bureau of Economic Geology. The 
Adams Branch limest6ne of Brown County was correlated by Cheney 
with a thin limestone, previously named the "Staff limestone mem­
ber," in Palo Pinto County. 

UPPER PART OF THE GRAFORD FORMATION 

The redefinitions of the Graford and Brad formations proposed 
in Bulletin 3232 of the Texas Bureau of Economic Geology have 
already been mentioned. In accordance with those redefinitions the 

lOCheney. M. G., Stratigraphic and 8tructurlll studies in north·central Texas: Univ. Texas 
Bull. 2913, p. 19, 1929. 
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Winchell member (including the Clear Creek limestone of Drake 
and the Merriman limestone of Reeves) and the Cedar ton shale are 
here included in the upper part of the Graford formation instead 
of in the lower part of the Brad formation as originally defined. 

Cedarton shale member.-The Cedarton shale is exposed on the 
lower part of the escarpment formed by the Winchell member, and 
its lower part in most places is in the valley between the escarp­
ments of the Winchell member and Adams Branch limestone and 
is in consequence exposed in few places. It consists chiefly of gray 
to yellowish and red shales but contains also some thin lenses of 
limestone and sandstone. The interval determined by plane·table 
survey near Winchell is 64 feet from the top of the Adams Branch 
limestone to the base of the lowest limestone bed of the Winchell 
member. 

In a section measured three-fourths of a mile north of Winchell 
a thin fossiliferous yellowish to gray limestone bed occurs 24 feet 
below the lowest Winchell limestone bed. It is overlain by red 
shale. One-half mile northwest of Winchell, in a road section, two 
beds of hard yellow weathering limestone, each 6 inches thick, 
separated by 6 inches of shale, occur at 12 feet below the lowest 
Winchell limestone bed, the intervening shales being red and gray. 
These limestone beds were not observed in other sections of this 

. interval and are believed to be local and lenticular in character. 
Thin sandstone beds from 1 inch to 2 feet thick occur in the upper 
15 feet of the Cedarton shale in the outcrops nearest Winchell but 
they also are local and lenticular in character. 

Plant fragments were noted in the gray shale 43 feet below the 
top of the Cedar ton shale west of Winchell and marine fossils occur 
in shale slightly higher. The cross section of figure 7 shows the upper 
part of the Cedarton shale in the sections measured in the vicinity 

of Winchell. 

The following section was measured near Winchell: 

Section of uppe: part of Graford formation near Winchell, Brown County. 

Winchell member (50 feet) : 

Thickness 
Feet Inches 

13. Limestone, hard, gray, fossiliferous, iron-stained.; weathers 
to rough slabs (limestone 3 of the Winchell memher) 4 

12. Shale, gray 10 
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11. Sandstone, broWD-________ _ 

Thickness 
Feet Inches 

7 
10. Shale, gray, with some blue and purple ____ _______ _ 

9. Limestcme, gray, hard; weathers yellow-brown; slabs and 
blocks, fossiliferous (limestone 2 of the Winchell 
member) ________________ _ ____ ______ _ _ 

8. Shale ____ . ____________ __________________ _ 
7. Shale, red and gray ________________________ __________________ _ 
6. Limestone, hard, gray (limestone 1 of the Winchell 

member) ___ . ________________ ________________ ___ _ 

Cedarton shale member (42% feet) : 
5. Shale, red and gray ; some ' layers of sandstone about. 

9 

3 
5 
6 

6 

1 inch thick.______________________________________ 12 
4. Limestone, hard; weathers yellow _________ __ _ 
3. Shale, gray ________ __________ __________________ _ 
2. Limestone, hard; weathers yellow _____________ _ 
1. Shale, blue to gray; contains plant fragments _ ______ 29 

6 
6 
6 

92 6 

Winchell member.-The name "Winchell member of the Graford 

formation" is here applied to the group of thin limestones separated 

by thick shale beds and thin sandstones in the Winchell area, in 

Brown County, which to the west develop into a conspicuous lime· 

stone bed, as recorded in logs of wells drilled in central Coleman 

County. This group of limestones includes the Clear Creek limestone 

of Drake and of Plummer and Moore, plus some higher beds hereto­

fore included in the Placid shale member of Plummer and Moore. 

Both Drake and Plummer make special mention of a limestone of 

a characteristic brown color as marking the topmost bed of the 
Clear Creek limestone. In this report limestone beds as much as 

55 feet higher than the brown limestone are included in the Winchell 

member. As herein described, the lowest limestone of the member 
is taken to be that one which caps the escarpment west of Winchell, 

and the top is taken as the limestone bed that forms the broad bench 
about 1 mile ' northwest of Winchell, on which the United States 

Geological Survey bench mark is set at an altitude of 1417 feet. 

The cross section (fig. 7) shows the sections of the Winchell 
member measured near Winchell. The following section is the most 

satisfactory: 
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.4Ml W.OF 
WINCHELL 

~MI.W.OF 
WINCHCl.L 

Fig. 7. Comparison of sections of th.e Winchell member of the Graford forma· 
tion (redefin ed) measured near Winchell, Brown County, Texas. 

Section of Winchell member three·quarters of a mile north of Winchell 
above United States Geological Survey bench mark 1358. 

Winchell member (721h feet) : 

Thickness 
Feet Inches 

17. Limestone, gray, hard, fossiliferous; weathers to large 
slabs (limestone 4 of the Winchell member} __ .___ 7 

16. Shale, gray, some purple ....... ____ ._. __ ... __ . __ ._ .. __ 24 
15. Umestone, gray, hard, fossiliferous, iron·stained (lime· 

stone 3 of the Winchell member} ___ ._._._ ... _. __ ._ 4 
14. Shale', gray; 'not well exposed ... _ __ ... _ ... _ .. _______ ... _ 3 
13. Sandstone, yellow, soft, stratified ____ .__________ 4 
12. Shale, gray to yellow __ ._ .. _____ ._ ... _. ___ ._._._.:____ 4 6 
ll. Sandstone, yellow, SOf1.._ .. ______ .. _______ 1 
10. Shale, gray_. __ . __ ... _ .. _ . ______ ..... ____ . __ . __ ... _. ___ . 8 
9. Umestone, gray, hard; weathers to yellow·brown slabs 

and blocks (limestone 2 of the Winchell member}. __ .. _. 1 6 
8. Shale, gray _______ ._ ... ___ ... _. _____ ._._ .. __ . __ .. _ 8 6 
7. Shale, r ed ____ .... ___ .. ______ ________ ._ .. _ 2 
6. Sandy limestone, fossiliferous ___ _ ... _. _____ ._ 6 
5. Shale --______ .______ _ ___ 1 6 
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Thickness 
Feet Inches 

4. LimestO'ne, gray, hard, fO'ssiliferous; weathers to' slabs 
with rO'ugh surface (limestO'ne 1 O'f the Winchell 
member) __ ._~ __ .. _ ... _ ... _ ... ______ ... _. ____ . __ .. ____ ._.__ 3 

CedartO'n shale member: 
3. Sbale, red.. ___ . ___ . __ . __ .. _~ ____ . __ ... ________ 24 
2. LimestO'ne, gray to' yellO'w, fO'ssiliferO'us ... _____ ... ______ 6 
1. Shale, gray to' blue .. _._ .. ___ .. __ ._ .. ____ .. ____ .. _. __ ._____ 16 
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The thickness of the Winchell member here is 72 feet, but in 

sections measured 1% to 2 miles farther west it has· become thicker 

by the increase in thickness of both the shale and the limestone beds. 

The limestones (of which four are recognizable west of Winchell) 

constitute the conspicuous parts of the member, but they are variable 

in thickness and character. The second bed from the bottom weathers 

brown or yellowish brown and was taken by Drake and by Plummer 

and Moore as the top bed of the Clear Creek because it furnishes 

a recognizable datum. The other beds are typical Canyon lime­

stones, with their dull-gray color, rough weathered surface, and 

semicrystalline texture. In this area they are thicker than the brown 

bed. These limestones are all fossiliferous, but on account of the 

denseness of the limestone, collecting is difficult. 

Sandstone occurs at two horizons in the Winchell member. The 

more conspicuous sandstone lies between the brown limestone and 

the limestone next above. It is brown to reddish brown and shows 

some cross·bedding. In the section measured three-quarters of a 

mile north of Winchell it is split by several feet of sandy shale. 
North of the river, 1% miles west of Winchell, a 3-foot bed of gray 
to brown sandstone occurs immediately below the topmost limestone. 

This sandstone was not noted in the section measured nearest to 

Winchell, but float from it was recognized farth~r west. The shale 
beds intervening between the sandstones and the limestones are in 

general gray, though some reddish and purple beds were seen. The 
variegated beds do not seem to occur at any definite horizon and 

are probably in part the result of weathering in place. 
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BRAD AND CADDO CREEK FORMATIONS 

READJUSTMENT OF BOUNDARY LINES 

Considerable confusion arose during the course of the work 
owing to the previous double use of the term "Home Creek lime­
stone." On Home Creek, in southe1!stern Coleman County, Drake 
noted two thick beds of limestone above the shale later designated 
the "Placid shale member" by Plummer and Moore and called the 
lower bed the "Cherty limestone" and the upper bed the "Home 
Creek limestone. "11 There is on Home Creek, above the typical 
Home Creek limestone of Drake and below the beds distinguished 
by abundant Campophyllum, a group of thin limestone beds sep­
arated by shale. These beds are not very conspicuous, and Drake 
apparently included them in his somewhat vaguely described Cam­
pophyllum bed, which overlies his Bluff Creek shale and which was 
subsequently called "Gunsight limestone member" by Plummer and 
Moore. 

The type locality of the Home Creek limestone is clearly stated 
in Drake's report, and both the Cherty limestone and the Home 
Creek limestone are so accurately described that there can be no 
doubt of the beds so named. The lower bed is 35 feet thick and 
contains about 25 per cent of chert. The upper bed is also about 
35 feet thick and at this point contains n"o chert. The two beds are 
separated by an interval of sandstone and shale only 8 feet thick. 

This interval increases gradually toward the northeast. In the same 

direction the Cherty limestone thins and splits into two or more 
beds, which finger out and disappear in the area west of Brooksmith, 
less than 8 miles to the northeast. 

Drake's Home Creek limestone also becomes somewhat thinner 
or is interstratified with shale toward the northeast, and some of 
the beds contain minor amounts of chert. The Cherty limestone 

of the section in Home Creek is absent in northern Brown County, 
and as the overlying bed there carries chert in minor amounts, 
Drake apparently identified it with his Cherty limestone of the Home 

Creek section. As the next overlying limestone becomes thicker and 
more conspicuous toward the north and forms an escarpment, it 

llDra~e. N. F., Report on the Colorado coal field of Texas: Univ. Texas Bull . 1755. pp. 
33- 36, 1917. 
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was natural to apply the name "Home Creek" to this bed, which is 
not prominent on Home Creek. 

Plummer and Moore in carrying their correlations southward 
from the Brazos Basin used Drake's Home Creek as identified in 
northern Brown County, so that their Home Creek limestone as 
at present used north of Colorado River has become the equiv­
alent of the group. of thin limestone above the Home Creek of the 
type locality, and has been so mapped in most of Brown County. 
In the same way, the Ranger limestone of northern Brown County, 
being next below the Home Creek of Plummer and Moore, has 
become the equivalent of the Home Creek of the type locality. 

Except for a small area in the vicinity of Home Creek, the 
names as used by Plummer and Moore have been used consistently 
in the literature and on the maps of Brown County since 1921, 
whereas the name "Home Creek" as used at the type locality 'has had 
no other usage north of Colorado River. Drake, however, appar­
ently used the ~ame consistently south of Colorado River, and 
more recently Fred M. Bullard and Robert H. Cuyler12 have used 
the limestone of Drake's type locality as a basis for stratig~aphic 
work south of the river, in McCulloch County. 

There are, therefore, at the . present time, two limestones bear­
ing the name of "Home Creek," one north of Colorado River .and 
the other south of it. As Drake's Cherty limestone continues south 
of the river, there are also two beds bearing the name "Ranger 
limestone," which has been applied to the next limestone below the 
Horne Creek of the type locality, and also to the true Home Creek 
limestone. The existing confusion is shown in figure 8, where the 
conflicting use of names is indicated. 

The type localities of both the Brad and Caddo Creek formations 
are in the Brazos Valley, but the type localities of some of the mem­
bers are in the Colorado River Valley. In so far as their equiv­
alence can be determined in the two areas, the same beds shoul~ 
be included in the same formations. The Brad formation of the 
Colorado River section should therefore include the Home Creek 
of the type locality if it proves to be the equivalent of the Ranger 
limestone of the type locality of the Brad formation. The group 

12Bullard, F. M., and Cuyler. R. H" Upp er Pennsylvanian and lower Permian section or 
Colora'do River valley, Texas: Univ. Texas Bull. 3501, p. 191 , 1935. 
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of limestone beds between Drake's Home Creek limestone and the 
Gunsight limestone member, which has been erroneously mapped 
north of Home Creek, must still be considered the upper member 
of the Caddo Creek formation, by whatever name it may be called. 
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Fig. 8. Columnar sections showing different usages of names for subdivisions 
of. Brad, Caddo Creek, and Graham formations, Brown County, Texas. 

The limestone beds of this group (Home Creek limestone of north­
ern Brown County) thicken and coalesce abruptly southwest from 
Home Creek, and where they cross Colorado River they form a 
single bed 34 feet thick, the interbedded shales having almost com­
pletely fingered out. South of the river this member seems to be 
a partial or complete equivalent of the limestone mapped in 
McCulloch County as Bunger limestone by Bullard and Cuyler. 
This member, by whatever name it may ultimately be called, seems 
to represent the upper member of the Caddo Creek formation­
provided, of course, that no error has been introduced in carrying 
the correlation across the Cretaceous outlier between the two river 
basins. For the present, until the correlation of these beds with those 
of the Ranger district north of the Cretaceous outlier can be checked, 
the names in general use north of Home Creek in Brown County 
will be retained in discussing the members of the Brad and Caddo 
Creek formations. The Home Creek limestone of the type locality 
will be disC''Jssed under the name "Ranger limestone." The Cherty 
limestone of Drake will be called by this name, and the name 
"Home Creek," in conformity with general usage in Brown County, 
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will be applied to the group of thin limestone beds on Home Creek 
that lies above the bed so named by Drake and lower than the 
beds called " Gunsight limestone" by Plummer and Moore. 

BRAD FORMATION REDEFINED 

As the Cedarton shale and the Winchell member (including the 
Clear Creek limestone of Drake and the lower or limestone-bear­
ing part of the Placid shale member of Plummer and Moore) have 
been found to be included in the typical Graford formation of 
the Brazos River Basin, as explained on preceding pages, the Brad 
formation now consists only of a shale member at the base, and 
the overlying Ranger limestone member (Drake's Home Creek of 
the type locality). 

Shale member.- The beds here included under the designation 
"shale member" represent the upper part of the Placid shale 
member of Plummer and Moore, the lower part of which is here 
included in the Winchell member of the Graford formation . This 
lower member of the Brad formation as here defined consists of shale, 
so.me sandstone, and the Cherty limestone of Drake. It was difficult 
to decide whether to include the Cherty limestone of Drake in this 
member of the Brad formation or to consider it a lower bed of the 
Ranger limestone member. Toward the northeast, where the Cherty 
limestone fingers out (see cross section, PI. VII) and the correspond­
ing interval is occupied by shale, the Cherty limestone appears to be 
~ part of this shale member. To the s'outh, however, it becomes so 
massive and continues so closely below the Ranger that it seems to be 
a lower part of the Ranger. On Home Creek the separating beds 
include a thin sandstone deposit increasing in thickness toward the 
north. The interval between the beds, though thin, continues as 
far south as it was observed by Drake,13 and the Cherty limestone 
can therefore be distinguished from the overlying limestone. The 
base of the Ranger is therefore definite toward the south. Farther 
north, where the Cherty limestone fingers out, ~he base of the 
Ranger limestone is the only available point of division. In this 
report, therefore, the Cherty limestone is considered to be a part 
of the shale member of the Brad formation. This decision is sup­
ported by the presence of the thin but persistent sandstone bed 

L3Drake, N. F. , Report on the Colorado coal fi eld of Texa8: Univ. Texas Bull. 1755, p. 35, 

1917. • 
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beneath the Ranger, a bed more appropriately regarded as occur­
ring beneath a limestone member than within it. 

The thickness of the :>hale member of the Brad formation as 
here delimited is III feet, as indicated by the following section 
measured on the north side of Colorado River 2 miles west of 

Winchell: 

Section sht>Wing shale member of Brad formation 2 miles west of Winchell. 

Brad formation: 
Ranger limestone member (34 feet) : 

Thickness 
Feet 

13. Limestone, gray, har<L-______ ________ 5 
12_ Not exposed ____________________ 12 
lL Limestone, gray, hard, cherty ___________________ 17 

Shale member (111 feet) : 
10_ Shale slope _________ _____________________ 32 

9_ Limestone, gray, hard________ 8 
8_ Shale slope____ 10 
7_ Limestone, gray, hard, cherty _________ _____ 25 
6_ Shale, gray, hill slope __________________________ 36 

Graford formation (95 feet in part) : 
Winchell member and Cedarton shale member: 

5_ Limestone, gray, hard, bedtled__________________________ 12 
4. Shale, including some sandstone in talus________ 41 
3. Limestone, gray, hard_____________ 4 
2. Shale __________________________ 36 
L Limestone, broWIL-_____________________ 2 

240 

Beds 7 and 9 represent the unbroken Cherty limestone exposed 
at "this horizen on Home Creek. Bed 10 shows the widening inter­
val of a shale below the Ranger. 

The following section, all of which lies above the Winchell memo 
ber, shows the almost complete disappearance of the Cherty lime· 
stone west of Brooksmith. 

Section of lower part of Brad formation 1 mile west of Brooksmith. 

Thickness 
Feet 

Ranger limestone member: 
10. Limestone, cherty_________________ 8 

Shale member: 
9. Shale, not well exposed on hill s!optL-_________ 30 
8. Sandstone _______________________ 2 
7. Shale, yellowish, sandy 12 
6. Sandstone 4 
5. Shale, yellowish, sandy __________ -__________ 9 
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Thickness 

Feet 
4. Sandstone .______________________________________________ 8 
3. Shale, gray and yellowish___________________________________ 12 
2. Limestone _________________ . __________________________ .____ _____ 2 
1. Shale, gray, sandy, base not exposed________________ _ 20 
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Bed 2 of the above section may represent a portion of the lower 
part of the Cherty limestone, but it is more probably a local lens. 

On the bluff_on Colorado River half a mile west of the mouth 
of Home Creek, the beds between the Cherty limestone and the 
Ranger are only 6 feet thick, and the upper half is sandstone. In 
Home Creek this interval is 8 feet, and at the top of the interval 
at least 2 feet of limy sand is present. Farther northeast, sand­
stone continues below the Ranger limestone, but as the Ranger 
thins it is not entirely clear whether the sandstones observed in 
the sections represent the same bed or whether other beds come 
in with the increasing interval. The latter seems likely. Still farther 
northeast, the lower of the two sandstones thickens to 4S feet and 
contains some conglomerate at the top, suggesting that if there 
was no actual unconformity at this horizon there was a close 
approach to shore-line conditions, and that the northeastward lin­
gering out of the Cherty limestone represents the pulsating advance 
and retreat of conditions favorable to deposition of shale and 
unfavorable to that of limestone, the area at and southwest of 
Home Creek having remained during this interval of time beyond 
the reach of shale sediments. 

On the south bank of Colorado River just east of the mouth of 
Tom Dean Creek, 2 miles upriver from the mouth of Home Creek, 
there is an outcrop of 10 feet of conglomerate overlain by 3 feet of 
brown sandstone. In walking the bench between the base of the 
Ranger limestone and the top of the Cherty limestone it was found 
that this conglomerate occurs at the horizon of the thin sandstone 
beneath the Ranger on the bluff on .the north side of the river a mile 
to the northeast and also on Home Creek. Conglomer~te was also 
found at this horizon 3 miles southeast of Bangs, in west-central 
Brown County, where it overlies a thick section of sandstone. 

The Cherty limestone changes rapidly in thickness, texture, and 
appearance. In general it varies in color from dark to light gray 
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and pinkish, is dense and crystalline in texture, and is sparsely fos­
siliferous. It is massive where chert is present in considerable quan­
tity but shows bedding planes northeast of Home Creek, where chert 
is less abundant. The volume of the chert, which occurs in bands 
and nodules, is about 25 per cent on Home Creek, but to the north­
east the chert content decreases rapid ly. The map of Brown County, 
prepared by the cooperative mapping committee of the American 
Association of Petroleum Geologis:s, shows in the Home Creek 
area and the southwest corner of the county the Cherty limestone 
as bed "Yf," but the bed is dropped from the map in the area III 

which it begins to thin. 

Ranger limestone member.-As already explained, the Ranger 
limestone member appears to be the equivalent of Drake's Home 
Creek limestone at the type locality. As exposed on Home Creek, 
it is about 35 feet thick. Ii is a massive bluish-gray non cherty lime­
stone. In weathering the lower parts of the bed break off into large 
blocks 10 to 20 feet long and 5 to 10 feet wide. The upper part is 
broken by bedding planes. The massive phase of the bed is 
localized on Home Creek and along Colorado River. Farther north­
east the beds are generally interstratified with beds of shale. Three 
miles east of Home Creek the bed contains some chert, and from this 
point northeastward chert in minor quantities is a common con­
stituent. The Ranger limestone is only sparsely fossiliferous. The 
top of the Ranger, like that of each of the thick limestone beds of 
the Canyon group, is difficult to map or to measure because in 
many places there are at the top thin limestone beds which in 
weathering tend to retreat down the dip slopes from the edge of 
the escarpment. Weathering also dulls the edge of the escarpment, 
and the interval as measured at the escarpment is in consequence 
in many places less than the thickness shown in logs of nearby wells. 

In the section measured on the river bluff half a mile west of the 
mouth of Home Creek the Ranger is 70 feet thick but broken at 46 
and 58 feet from the bottom by benches that probably represent the 
position of thin shale beds. As the limestone section of the Ranger 
passes into the overlying Hom~ Creek of northern Brown County 
by a series 'of relatively thin limestone beds interstratified with shale, 
it is difficult to know where to place the top of the member and the 
top of the Brad formation. Along Colorado River, ' however, the 
shale partings are so thin that it seems reasonable to place the top 
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of the Ranger at the top of the unbroken limestone and to consider 
the first thick shale as the first bed of the Caddo Creek formation. 
The greatly increased thickness of the Ranger where it crosses 
Colorado River toward the south and its close approach to the under· 
lying Cherty limestone seem to indicate that the increased thickness 
of the Ranger occurs by thickening of its lower part at the expense 
of the immediately underlying shale. (See PI. VII.) 

CADDO CREEK FORMATION 

The Caddo Creek formation consists of the Hog Creek shale memo 
ber, whose type locality is in noithern Brown County, and the over­
lying Home Creek limestone of northern Brown County, which has 
been correlated with a limestone also called "Home Creek" occur­
ring at the same horizon in the Brazos River Basin in Palo Pinto 
County. Although these members are distinguishable in northern 
Brown County and in the area along the river, it is not practicable 
to separate them in much of the intermediate area, for the reason 
that the Home Creek is broken into a number of relatively thin 
limestone beds interbedded with shale, with no obvious dividing line 
between them. The following section shows the character of the 
interval between the top of the Ranger limestone (Drake's Home 
Creek limestone of the type locality) and the base of the Graham 

formation. 

Section on the west side of Mukewater Creek half a mile above its junction 
with Home Creek, in southeastern Coleman County. 

Cisco group: 

Thic:kness 
Feet Inches 

Graham formation: 
Bluff Creek shale member: 

24. Limestone, brownish yellow.___________________________ 1 
23. Shale ____________________________________________________________ 5 

Canyon group: 
Caddo Creek formation (69 feet) : 

Home Creek limestone member (30 feet) : 
22. Limestone, gray __________ .___________________________________ 1 
21. Shale ____________________________________________________________ 5 
·20. Limf>Stone, gray ___________________________________________ ___ 6 
19. Not exposed.________________________________________________ 5 
18. Limestone·, gray____________________________________________ 2 
17. Not exposed . _________________ ._ .__________________________ ________ 10 
16. Limestone, gray, forming bench.___________________ 6 
15. Not exposed.___ ___________________________________ 5 
14. Limestone, gray ______________ ._________________________ 1 
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Hog Creek shale member (39 feet) : 

Thickness 
Feet Inches 

n . Shale ________________________________________ 12' 
12. Limestone, gray, platy______________________ 6 
11. Shale ______________________________ 12 
10. Limestone, gray, lumpy___________ 6 
9. Shale ___________________ 6 
8_ Sandstone ____________________ 1 
7. Shale _______________________ 7 

Brad formation: 
Ranger limestone member (35 feet): 

6. Limestone, gray____________________________ 2 6 
5. Talus, not exposed _______________ .__ 7 
4. Limestone, gray________________________ 4 
3. Talus, not exposed____________________ 1 6 
2. Limestone ____________________________ :..____ 3 6 
1. Talus, not exposed . __ .___________________________ 16 6 

Shale member (exposed in part) : 
Limestone, cherty. 

Hog Creek shale member.-The Ranger limestone on Mukewater 
Creek is incompletely exposed and probably contains more limestone 
than was seen in the measured outcrop. The base of the Hog Creek 
shale, which has been rather loosely used to indicate the shale below 
the Home Creek limestone wherever identified, is placed at the top 
of the highest limestone below the thin sandstone in the lower part 
of the Hog Creek shale. This sandstone, though thin and not found 
everywhere in place, is usually represented in the float. It occurs 
over most of southeastern Coleman County and southwestern Brown 
County and furnishes a convenient and valuable datum above the 
Ranger limestone. 

Home Creek limestone member.-The term Home Creek limestone 
as here used is the Home Creek limestone of Plummer and Moore 
and of Drake in northern Brown County which has become estab­
lished in the literature of the region to the north and not the Home 
Creek limestone of the type locality. The top of the Hog Creek 
shale is somewhat indefinite in the region about Home Creek in 
Coleman County, and the beds of thin limestone and shale pass into 
the Home Creek limestone without notable interruption, the lime­
stone beds becoming thicker as the top of the Home Creek limestone 
is approached_ The top of the Home Creek limestone in much of 
southern Brown County also is vague. As mapped by Hudnall and 
Pirtle, whose maps were used in compiling the Brown County map 
prepared by the cooperative mapping committee of the American 
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Association of Petroleum Geologists for the Texas Bureau of Eco­
nomic Geology, the top of the Home Creek limestone was set at 
the highest gray limestone, a short interval below the persistent 
thin yellowish-brown limestone bedl4 (bed 24 of the above section). 
This yellow limestone is lithologically different from the typical 
gray limestones of the Canyon group. 

To the southwest, between Home Creek and the river, the lime­
stone beds in the Home Creek member thicken sharply, and where 
they cross the river the shales have fingered out and the limestones 
are all combined into a single bed 34 feet thick. The brownish lime­
stone mentioned above remains a separate bed, however, where the 
underlying limestones coalesce. In the absence, therefore, of any 
more definite characteristic feature, it is assumed that the top of 
the Home Creek li~estone as here defined and the top of the Canyon 
group in the Colorado River area occur at the top of the highest gray 
limestone a short interval below the yellowish-brown bed that fur­
nishes a distinguishable datum for at least 13 miles nortqeast of 
Colorado River. Northward from Home Creek one or more of the 
beds constituting the Home Creek limestone thicken and locally form 
rim rocks, which stand out strongly in the topography, though it 
appears that the escarpment is not everywhere formed by the same 
bed. 

Measured sections of the Home Creek limestone in the nor thern 
part of Brown County given in reports on the area vary materially 
in thickness. Much of this variability seems to be due to the fact 
that the Home Creek limestone in many places consists of a group 
of limestone beds separated by shale without very definite limits 
at top or bottom, so that usually only the more prominent beds 
have been measured. The thinner inconspicuous beds Oat the top 
outcropping on the dip slope or at the bottom covered by talus are 
sometimes omitted. 

The beds are all similar, being gray, hard, semicrystalline, and 
sparsely fossiliferous. Some of the beds contain notable numbers 
of Syringopora corals. Syringoporas occur also in the Ranger lime­
stone, but they are more abundant in the Home Creek. 

In the Brazos Basin, in southeastern Young County, as reported 
in another part of this report, a marked unconformity occurs be­
tween the Home Creek limestone of that area and the overlying 

HHudnall, J. S'I personal communication to Wallace Lee. 
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Graham formation. This unconformity is expressed in a deep, sharp 
channel. No evidence of unconformity was noted along Colorado 
River at this horizon. This is perhaps not surprising, for in Young 
County there is nothing to suggest unconformity a few feet beyond 
the margin of the channel. 

CISCO GROUP (RESTRICTED) 

The Cisco group as originally defined by Cummins was intended 
to include all the beds from the top of the Canyon to the base of the 
Permian. The line between Pennsylvanian and Permian has been 
variously defined. Plummer and Moore drew the top of the Cisco 
group at the top of the Coleman Junction limestone, the top member 
of the Putnam formation, but the dividing line has been successively 
lowered by others on the basis of paleontologic interpretations. 
Sellards, AdkiIlS, and Plummer1 5 place the top of the Pennsylvanian 
at the top of the Pueblo formation, including in the Cisco group 
only the Graham, Thrifty, Harpersville, and Pueblo formations, and 
that definition is here followed. 

GRAHAM FORMATION 

In the Colorado River Basin the Graham formation has been 

divided, from the top down, into the Wayland shale, Gunsight lime­
stone, and Bluff Creek shale members. These members have a total 

thickness of 243 feet from the top of the Home Creek limestone of 

northern Brown County up to the base of the Bellerophon bed of 
Drake. 

Bluff C-,:eek shale member.-The Bluff Creek shale member was 

defined by Drake as including the shale interval from the top of 
his Home Creek limestone to the base of his Campophyllum beds, 

the name being derived from a locality" south of Colorado River, 

where his term " Home Creek limestone" was used consistently. The 
name was used by Plummer and Moore to include the beds from 

the top of the Home Creek limestone of their report (a higher lime­

stone than the Home Creek limestone on Home Creek) to the base 

of the Gunsight limestone, and that usage is followed here. 

15Sellards, E. H'J Adkins , W. 5., and Plummer. F. B. , The Geology of Texas, Vol. I. Stratig. 
graphy: Univ. Texas Bull. 3232, pp. 14()-144, 1932 [1938]. 
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Section of the Bluff Creek shale and Gunsight limestone member one ~nd 
one-half miles northeas~ of Mitchell Crossing of Colorado River, sOlLtheastern 
Coleman County_ 

Cisco group: 

Thickness 
Feet 

Graham formation: 
Wayland shale member. 
Gunsight limestone member (36 feet): 

10_ Limestone, gray; contains Campophyllum corals._._. 5 
9. Shale, marly; contains fusulinids __ . _________ ._ ... _ .. ______ 5 
8. Shale, gray, fossiliferous __ .. _. _____ .......... _____ ._._ .. ___ 20 
7. Limestone, gray; contains Campophyllum corals_ ... _ 6 

Bluff Creek shale member (47 feet) : 
6_ Shale, marly _________ ..... _._. ______ ._ .. _________ . _______ ._ 5 
5. Shale, gray _____ . _ ______ ._. _____________ ... _._ .. __________________ 5 
4. Shale, gray, fossiliferous, ammonoid zone . _________ .___ 27 
3. Limestone, yellowish brown ___ ... _ .. ____ ________ .. _________ 2 
2. Talus, not well exposed, probably shale ____________ .__ 8 

Canyon group: 
Caddo Creek formation: 

Home Creek limestone member: 
1. Limestone, gray ________ ._. __________ . __ ....... _____ ._._ .... _. __ ._ ____ 35 

The yellowish to brown limestone (bed 3 of the above section) 
is persistent in the Colorado River Basin and is distinguished from 
the underlying gray limestones of the Home Creek member by its 
contrasting color. It remains distinct from the gray Home Creek 
limestones where they coalesce. The shales of the middle part of 
the Bluff Creek member are very fossiliferous in SQITIe localities, 
notably on the Gill ranch, east of Whon, where a notable ammonoid 
fauna was collected. The Bluff Creek shale in some places occu­
pies the lower part of an escarpment formed by the somewhat 
more resistant Gunsight limestone member above. 

Gunsight limestone member.- The Gunsight limestone member 
was named for an outcrop near Gunsight post office, in Stephens 
County, by Plummer and Moore, who identified the beds with the 
Campophyllum beds of Drake in the Colorado River area. The Gun­
sight member consists of two gray, highly fossiliferous limestone beds, 
both containing large numbers of Campophyllum corals. The lime­
stone is in part relatively soft, and the corals weather out freely 
and litter the underlying slopes. The shale interval between the 
limestone beds, which contains abundant fusulinids, is marly at 
the top and fossiliferous. Although the Gunsight limestones are 
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conspicuous for the extraordinary numbers of Campophyllum that 
occur in them, there are many outcrops that contain few or none. 
At the type locality, near Gunsight, in Stephens County, very few 
if any occur. 

Wayland shale member.-The Wayland shale member was called 
"Trickham shale" by Drake, for a Coleman County type locality, 
and "Wayland shale" by Plummer and Moore, for a locality in 
Stephens County. Although the name "Trickham" has priority, the 
name "Wayland" has been adopted, because it has had much wider 
usage and is better established. The member consists of a series ' 
of bluish shales with thin clay-ironstone partings, interstratified 
with thin lenticular beds of earthy fossiliferous yellow-weathering 
limestone and some lenticular beds of sandstone as much as 6 feet 
thick. There is good re,ason to suspect that unconformable rela· 
tions exist on the Colorado River between the underlying Gunsight 
and the Wayland. Just north of Mitchell Crossing the following 
section was measured on and near the road to Whon. 

Section a quarter of a mile north of Mitchell (:rossing of Colorado River, 
southeastern Coleman County. 

Thickness 
Feet 

10. Sandstone ____________________________________ 2 
9. Not exposed ______________________________ 2 
8. Sandstone, brown, soft, cross-bedded _________________________ 3 
7. Sandy limestone and limestone gravel conglomerate._______ 4 
6. Not e:lj:posed _____________________ 2 
5. Limestone, gray, hard, nodular (Gunsight limestone) ____ 3 
4. Not exposed _ ____________ 5 
3. Limestone, gray, hard, platy (Gunsight limestone).____ 2 
2. Not exposed (probably Bluff Creek shale) ____________ 45 
1. Limestone (Home Creek limestone) _______________________ 35 

103 

The limestones (beds 3 and 5. of the above section) occur at the 
horizon of the lower limestone bed of the Gunsight. The presence 
of a sandstone above the limestone, not elsewhere observed along 
Colorado River, and the absence of the upper Gunsight bed sug­
gest that the pronounced unconformity noted in the Brazos Valley 
at the base of the Wayland shale, is expressed at this point by the 
replacement of the upper part of the Gunsight by sandstone. 

Between Whon and Mitchell Crossing a lenticular bed of cross­
bedded sandstone 6 feet thick occurs 37 feet above the base of 
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the member. It thins southwestward to 1 foot and becomes limy. 
Near Trickham a similar bed occurs at essentially the same inter­
val above the Gunsight. Here it thickens irregularly, suggesting 
unconformable relations, though it may represent merely a lentic­
ular bed deposited contemporaneously with the shale. The Way­
land shale ' in Young County is not known to contain any sand­
stone beds. 

There are several thin . limestones in the Wayland shale of the 
Colorado River section. One occurs at 23 feet above the base of 
the member. This bed is 1 foot thick, gray to yellowish, earthy, 
and nodular and is typical of the limestone beds of the Wayland 
in the Brazos River Basin. Another thin bed occurs at 66 feet 
above the base of the member and still another bed of sandy lime­
stone containing many fusulinids is present 84 feet above the base. 
These limestones are lenticular and do not appear in all the sec­
tions measured. 

The following composite section shows the character and thick­
ness of the Wayland shale south of Whon: 

Composite section 0/ Wayland shale member 4 miles south 0/ Whon, south­
eastern Coleman County. 

Thrifty formation: 
lB. Limestone ("Bellerophon bed"). 

Thickness 
Feet Inches 

17. Shale, marly _. ___ .... ____ ........ _ ..... ___ .. __ .. ___ .... _ 2 
16. Sandstone, soft, white to yellowish, bedded (Avis 

sandstone member) _ .. _ .. ___ .. _ .... ___ ._ .. _._._ .. _ .. _0-40 

Graham formation: 
Wayland shale member (121 feet): 

15. Shale, sandy, gray to yellow; plant fragments ... ~ .... _ 12 
14. Shale, gray to yellow; plant fragments ...... _ .. ___ .. __ .. 25 
13. Sandy lime, soft; fusulinids ... _ .. ___ ...... _. ___ ... _._..... 1 
12. Sandy lime, hard .. _ ........... _ .. __ ............ _.1. ____ .__ 6 
U. Shale, blue to gray; plant fragments .. __ .. _. ___ ... _ 17 
10. Lime concretions, yellow .. _ .......... _ .............. __ .. ___ ..... _ 6 
9. Shale, blue; fossils ; clay ironstone bands ........ _........ 6 
B. Shale, blue; many fossils .... __ ._ ......... __ .......... _ ......... _ 10 
7. Shale; not well exposed .. _._ .... _._ .. __ .. _____ ._ ... _. 12 
6. Sandstone, cross·bedded, lenticular .... _ .. ___ ._ ...... _ 6 
5. Shale, gray; hill slope not well exposed_ .. _ ..... __ B 
4. Lime, gray to yellow, nodular.. __________ .... _ _ 1 
3. Shale, gray; fossils. __ ... ______ .__ _______ 6 
2. Sandstone, yellow __ ..... __ .. _ .... _ .. __ .. ______ ._ .. _._ 1 
1. Shale, gray _ ...... _ ........ _ .......... ___ .. _ .. __ ......... ______ .. _ 16 

Gunsight limestone member . . 



122 The University of Texas Publication No . 3801 

THRIFTY FORMATION 

The Thrifty formation, the type locality of which is at Thrifty, 
in Brown County, consists of a series of shales and thin limestones, 
with some lenticular bodies of sandstone that locally attain consid· 
erable thickness. The following members and beds (most of which 
were named by Drake) were included in the Thrifty formation by 
Plummer and Moore: 

Chaffin limestone 
Parks Mountain sandstone 
Lohn shale 
Speck Mountain limestone 
Speck Mountain shale 
Bellerophon limestone 
Avis sandstone 

The following composite section of the Thrifty formation was 
measured in the area between Rockwood and Parks Mountain, Cole­
man county. 

Composite section of the Thrifty formation. 

Thrifty formation (137 feet ): 
Chaffin limestone member: 

Thickness 
Feet 

13. Limestone in thin beds interbedded with shale; hard 
gray, crystalline, fossiliferolls ________________________________ · 11 

Lohn shale member: 
12. Carbonaceolls shale (horizon of Chaffin coa)) ________ 2 
11. Shale, yellow, sandy________________________________________ 3 
10. Sandstone, brown, hard, pitted (may represent margin 

of Parks Mountain sandstone member 0 to 99 feet 
thick) ____________________________________________________________ 2 

9. Shale, covered _____________________________________________________ 5 

8. Limestone, nodular; contains many fusulinids and other 
fossils __________________________________ :_________________ 1 

7. Shale, gray, . rarely well exposed______________________ 53 
Speck Mountain limestone member: 

6. Limestone, gray, hard, rough._____________________________ ___ 5 
Shale member (Speck Mountain clay of Drake): 

5. Shale, gray, has some sandstone in lower part; in few 
places well exposed __________________________________ .__ 39 

Bellerophon limestone: 
4. Limestone, gray, hard ._____________________ 2 
3. Shale, not well exposed._____________________ 7 
2. Limestone, gray, hard_______________________________________ 3 
1. Shale, marly ____________________________________________________ 4 

Avis sandstone member, 0--50 feet. 
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Avis sandstone member.- The Bellerophon limestone conformably 
overlies a sandstone of variable thickness resting on the Wayland 
shale. This sandstone was observed 4 miles south of Whon, three­
quarters of a mile west of the road from Whon to Mitchell Crossing. 
At this point the top of the sandstone is 3 feet below the Bellerophon 
limestone and is 6 feet thick. It is soft, gray, and fine grained and 
in part bedded. To the northeast it wedges out rapidly. To the 
west it thickens to 20 feet within half a mile, the top being 5 feet 
below the Bellerophon limestone. This sandstone bed is 40 feet 
thick on the north side of Colorado River at the southeast end of 
Parks Mountain but only 1 foot thick half a mile to the east. Drake 
describes this bed in Brown and Coleman counties in considerable 
detail, and says that it is of ·variable and increasing thickness toward 
the north but is not everywhere present. He describes it as attain­
ing thicknesses of 50 feet or more and in places as being conglom­
eratic. He recognized the unconformable relation that it bears to 
the underlying Wayland. There can be little doubt that this bed 
is the Avis sandstone of the Brazos Basin, as it lies unconfonhably 
on the Wayland shale, but in Brown and Coleman counties it seems 
to have been deposited in smaller areas and contains fewer pebbles. 

Bellerophon limestone.- The term "Bellerophon bed" was applied 
by Drake to a limestone immediately overlying the Trickham or 
Wayland shale along Colorado River. He reported its continuity 
in Brown and Coleman counties interrupted progressively toward 
the north. In the outcrops along the river south of Parks Mountain 
it is from 3 to 5 feet thick. It is a hard crystalline bed, weathering 
dark gray and breaking into slabs and chunks. In places the upper 
part is soft, and weathering produces a yellowish nodular mass. 
On the west side of Parks Mountain, southwest of Whon, two beds 
of limestone appear to be present, as shown in the composite sec­
tion given above. The upper bed is 2 feet thick and the lower bed, 
which is separated from the upper by 7 feet of shale is not well 
exposed and is 3 feet thick; both beds are hard l~mestone. This 
division of the Bellerophon shale was not noted at any other point. 

Shale member (Speck Mountain clay of Drake}.-This shale mem­
ber of the Thrifty formation consists largely of sandy shale, with 
lenticular bodies of sandstone in the lower part overlain by a per­
sistent limestone bed. The following sections less than half a mile 
distant from each other show its character: 
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Section half a mile northwest of the most southerly point of Parks Moun­
tain, southern Coleman County. 

Thrifty formation: 
Speck Mountain limestone member: 

Thickness 
Feet 

4_ Limestone _________ . _____ . ___ . _______ .. _ __ .. _ 3 

Speck Mountain clay of Drake (49 feet): 
3. Sandy shale, gray to yellowish. __ .. __ .. ______ . __ .__ 24 
2. Sandstone, cross-bedded _ .. ____ ..... __ .... _. ____ . ____ . 25 

Bellerophon limestone: 
1. Limestone, gray, rough, hard _. __ ._. __ . ___ . ____ .. __ 4 

56 

Section at end of long ridge 1 mile northwest of most southerly point of 
Parks Mountain, Coleman County. 

Thickness 
Feet 

Thrifty formation: 
Speck Mountain limestone member: 

6. Limestone, gray, hard, rough _____ ....... __________ 5 

Speck Mountain clay of Drake (32 feet): 
5. Shale, sandy, gray and yellow and some red, plant 

fragments _._ .... __ ._._.________________ 2 
4. Shale, gray, upper part sandy. _____ ._ ... _____ ._ .. ____ 18 
3. Sandstone, white, soft.. __ .. ________ . ___ ._.___ 2 
2. Shale, gray, in part red_ . ______ . __ .. __ ._. __ . ______ . 10 

Bellero phon limestone: 
1. Limestone, gray, hard __ . __ .... _._. _____ .... : __ .. ________ 2 

39 

The sandstones of this member are lenticular and variable in 
character and suggest contemporaneous erosion and deposition. As 
the Avis sandstone of the Brazos Valley has an unconformity at its 
top, the sandstone lenses and sandy shales of this shale member may 
possibly represent offshore deposition of material eroded from the 
northern area during the post-Avis erosion period, during which the 
Colorado River area may have remained below sea level. The 
hypothesis receives some support by the fact that some of the shales 
are red and others contain comminuted plant material in the sandy 
shale. 

Speck Mountain limestone member.-The Speck Mountain lime­
stone member, named by Drake from a locality in McCulloch. 
County, is a bed 3 to 5 feet thick. Its usual color is dark gray, 
but on the road between Whon and Rockwood, where it forms a dip 
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slope, it weathers to a slightly yellowish color. The surface weathers 
rough and somewhat resembles that of the Bellerophon limestone. 
About half a mile east of the new highway bridge over Colorado 
River 9 feet of limestone is present. The upper 4 feet is gray and 
nodular at the outcrop and was not observed at any other point. 
Like the other beds in the lower part of the Thrifty, this member 
is in many 'places north of the river cut out by the unconformity at 
the base of the Parks Mountain sandstone. 

Lohn shale member.-Drake gave the name "Lohn bed" to the 
coal.bearing shale overlying the Speck Mountain limestone and 
underlying the Chaffin limestone, from its outcrop near the settle­
ment of Lohn, south of Colorado River in McCulloch County. It 
consists of clay and shale and in some 'places contains near the top 
streaks of impure coal called the "Chaffin coal" by Drake. This coal 
was once exposed by openings south of the river a mile northeast 
of Waldrip, where it was examined and described by Drake. The 
coal proved too poor in grade to mine, and as the openings have 
long since fall en in, the coal can no longer be seen. On the north 
side of the river there are some carbonaceous streaks in the shale 
immediately below a bed of coal that appears to represent the Chaffin 
coal of the type locality. 

Plant fossils collected 2~ miles east of Rockwood a few feet 
below the top of the member were submitted to Charles B. Read, 
of the United States Geological Survey, who reported: 

The material here is all a late segregate or subspecies of N euro pteris ovata 
Hoffman. This form is common in the late P ennsylvanian of this country. 

The thickness of the Lohn shale varies materially, partly because 
of the unconformable relations it bears to the Parks Mountain sand­
stone, which in some places cuts it out, and partly because of another 
somewhat higher unconformable sandstone, which in places cuts 
into it. 

No detailed sections could 'be examined near the river on the north 
side, because immediately north of the river, where good exposures 
might be expected, the beds have been replaced by the Parks Moun­
tain sandstone. In areas farther north, back from the river, the relief 
is low and e~posures are poor. The greatest thickness measured is 
in the road exposure 2 miles east of Rockwood, where the interval 
from the Speck Mountain limestone member to the Chaffin ' member 
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is 53 feet. This section shows a bed of soft gray limestone less than 
a foot thick 15 feet above the base of the shale and a bed of 
nodular gray limestone about a foot thick containing many fusulinids 
and other fossi ls about 12 feet from the top. This upper bed has 
been considered by some observers to be the lower part of the Chaffin 
limestone, but as described by Drake the Chaffin limestone does not 
split here, but farther to the north, where the shale between the 
two parts is uniformly red. 

Parks Mountain sandstone member.- The member called the 
"Parks Mountain bed" by Drake is an unconformable deposit whose 
base on the east side of Parks Mountain south of Whon cuts out 
Thrifty beds to a horizon within 10 feet of the Bellerophon lime· 
stone and whose top on account of the poor outcrops is not exactly 
determinable, though it is at or near the top of the Lohn shale as 
defined by Drake. 

The interval from the top of the Lohn shale to the lowest observed 
beds of the Parks Mountain deposits is 99 feet, but there is some 
reason to believe that the top of the Parks Mountain member lies 
a short distance below the top of the Lohn as defined by Drake, so 
that the relief of the unconformity at its base is probably somewhat 
less than 99 feet. In describing the Parks Mountain bed in out­
crops near the mouth of Rough Creek, Drake reports rather vaguely 
that "10 to 25 feet of clay of the Lohn shale overlies the sandstone." 
In the section measured east of Rockwood, included in the composite 
section already presented, 2 feet of sandstone occurs 5 feet below 
the top of the Lohn shale. This may represent a marginal sandy 
deposit of the Parks Mountain, but no outcrop of the Chaffin coal, 
the topmost bed of the Lohn shale member, was found over the main 
body of sandstone. 

The Parks Mountain sandstone member may therefore ultimately 
prove to lie within the limits set by Drake for the Lohn shale and 
may be represented in the Brazos River area by one of the .sandstone 
lentils below the Blach Ranch limestone, though no pronounced 
unconformity was noted in that area. 

The Speck Mountain limestone is cut out by the Parks Mountain 
sandstone at the south end of Parks Mountain, and 2% miles south 
of Whon almost the entire Thrifty formation is missi~g, the Parks 
Mountain sandstone coming down to a horizon within 10 feet of 
the BeUero phon limestone. In the area between Rockwood and 
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Colorado River the Lohn shale is generally absent and is replaced 
by these deposits. 

The Parks Mountain deposits comprise brownish sandstone and 
conglomeratic sandstone. The pebbles of the conglomerate consist 
of sub angular chert of various kinds, such as occur in the Cisco 
and Strawn deposits in the Brazos River Basin. The brown sand­
stone constitutes the greater part of the deposit and is more wide­
spread than the conglomeratic phase. The remains of plants and 
trees are also found in it, but very sparingly. Drake reported other 
areas of Parks Mountain sandstone farther north in Brown County, 
and it seems probable from his descriptions that the deposits which 
occur within 3 miles of the river are not unique and that areas of 
this sandstone occur in other parts of the region. The thickness and 
distribution of the deposit and its strikingly unconfo~mable relation 
to the older deposits of the Thrifty formation seem to indicate that 
it was deposited in the area near the river in a channel about 2 miles 
wide and 100 feet deep. 

Chaffin limestone member.-The Chaffin limestone was named by 
Drake for a locality a mile or so northeast of Waldrip, in McCulloch 
County, near Colorado River. It crops out above the Chaffin coal 
at the type locality, where it has a thickness of 20 feet. Within 200 
yards to the north it is cut out by unconformity and replaced by 
sandstone of later age. This sandstone interrupts the continuity of 
the Chaffin limestone throughout the greater part of the distance 

between Colorado River and the village of Rockwood, though there 
is an isolated patch of limestone on the crest of a hill just north 
of the river. Where the Chaffin limestone reappears east of Rock­

wood two limestones are present, separated by 12 feet of shale. 

Some observers have considered these two beds to represent a 
bifurcation of the Chaffin limestone as it appears south of Colorado 
River, but the presence of carbonaceous shale in the position of the 

Chaffin coal below the thick upper limestone near Rockwood sug­
gests that the lower bed there may be a separate limestone bed in 
the Lohn shale member. 

Drake found a bifurcation of the Chaffin limestone north of Home 

Creek, north of the area examined for this report. He says that the 
interval between the two parts increases toward the north and that 
the parts are consistently separated by red shale. No red shale 
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occurs between the two beds near Rockwood, and the lower bed IS 

therefore placed in the Lohn shale member. 
Plummer and Moore correlated the upper and lower limestone 

beds of the split Chaffin .limestone with the Breckenridge limestone 
and Blach Ranch limestone, respectively, of the Brazos River Basin, , 
where the Blach Ranch limestone, like the Chaffin limestone, has a 
thin coaly bed below it. 

At the type locality the Chaffin is 20 feet thick. It is a hard gray 
massive to bedded sparsely fossiliferous limestone. It breaks down 
in slabs and probably contains some shale partings, for the beds 
slump, though no shale crops out. At the northern outcrop, near 
Rockwood, it is 11 feet thick. It is there interbedded with some 
shale, and the limestone beds are hard, gray, semicrystalline, and 
only sparsely fossiliferous. 

HARPERSVILLE FORMATION 

The Harpersville formation, the type locality of which is in 
Stephens County, contains several thin limestone members, de­
scribed by Drake in his report on the Colorado River valley under 
the names "Saddle Creek bed" and "Waldrip bed." The beds to 
which he · applied the name "Waldrip" consist of several thin lime· 
stones separated by shales and some thin sandstones, and constitute 
most of the Harpersville formation. The shales in the lower part 
of the formation contain thin impure variable coal seams of no 
commercial value, though attempts were once made to exploit them 
on Bull Creek, near Rockwood. The sandstones vary rapidly in 
thickness, and at least one of them was deposited unconformably. 
In the following composite section, the major intervals were de­
termined by plane-table projection and the details filled in by local 
sections measured southwest of Rockwood. 

Composite section 0/ Harpersville formation southwest 0/ Rockwood, Cole­
man County. 

Saddle Creek limestone member : 

Thickness 
Feet; Inches 

33. Limestone, gray, hard, bedded ; has white flecks 
suggesting fragments of fossils-. __ .. _____ .________ __ 6 

Waldrip bed of Drake: 
32. Sandstone, white to yellowish. ______ . ________ .______ 3 
31. Shale, gray; weathers yellow. ____________ . ______ 16 
30. Limestone, sandy, nodular, brownish .. ____ .__________ 2 
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Thickness, 
Feet Inches 

29. Shale, gray; not well exposed__ _______ _______________________ 7 
28. Limestone, brown, nodulaL___________________________________ 2 
27. Limestone, brown, hard, fossiliferou8.._______ __________________ 1 
26. Not exposed, probably shale________________________________ 6 
25. Waldrip limestone No.3, gray, hard, crystalline____ 2 
24. Shale, gray and red______________________ ____________ 11 
23. Sandstone, soft, brownish__________________________________ 5 
22. Sandstone, soft, white, massive (local only) _______ 10 
21. Shale, red and yellow___________________________________________ 14 
20. Waldrip limestone No.2, gray, hard, fossiliferous; 

has fucoidal tracings on bottom______________________ 1 6 
19. Shale, gray, fossiliferou5..______________________________ 9 6 
18. Sandstone, soft, bedded, green .. _____________________________ 1 
17. Coal ______________ ________________________________ ..:.._ 1 
16. Shale, gray _________________________________________________________ 6 
15. Sandstone, soft, white to gray__ ______________________________ 6 
14. Shale, gray, some red, and green in upper parL__ 14 
13. Waldrip limestone No.1, brownish gray; weathers 

nodular _______________________________________________________________ 2 
12. Shale, gray to yellow, fossiliferous .. __________________ 5 
11. Shale, sandy, red, yellowish, and white_____________________ 9 6 
10. Sandstone, cross-bedded, brown.______________________________ 5 
9. Shale, sandy, gray_______________________________ __________________ 10 
8. Sandstone, brown to red .. _______________________________________ : 5 
7. Not exposed; probably shale .. ____ ~____________________________ 32 
6. Sandstone, cross-bedded, brown___________________________ 10 
5, Shale, gray ____________________________________ _____________________ 1 
4. Coal ___________ ______ __________________________________________________ _________ 1 
3. Shale, not well exposed, gray where seen___________ 29 
2. Sandstone, stratified, yellowish to brown .. _________________ 2 
1. Not exposed; probably shale .. _______________________________________ 8 

Thrifty formation. 

238 

Waldrip bed of Drake.- The relations of the sandstones to the 
associated beds of the Harpersville formation are obscure, but at 
least one of them was deposited on an eroded surface. The Chaffin 
limestone member of the Thrifty formation a short distance north 
of the type locality is cut out by a sharp unconformity, and its 
place is occupied by sandstone whose thickness is at least 20 feet 
but the position of whose top is uncertain. The erosion represented 
by the unconformity removed the Chaffin limestone for about 3% 
miles between the river and Rockwood. The geographic position 
of the replacing sandstone is in part the same as that of the Parks 
Mountain sandstone, which it seems to overlap, confusing the rela­
tions of the Parks Mountain and higher sandstone beds. It is be­
lieved that the sandstone above the Chaffin represents a new cycle 
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of erosion. Its top may be represented by the thin sandstone 10 
feet above the top of the Chaffin in the section southeast of 
Rockwood. 

A thin coal bed occurs 24 feet above the Chaffin limestone. It 
is about 1 foot thick and was mined in a small way in the 1890's 
in Bull Creek, southwest of Rockwood. The ash and sulphur con­
tent is high, and the coal is nowhere more than 15 inches thick 
and is broken by shale partings. Almost in contact with and above 
the Bull Creek coal is a sandstone bed 10 feet thick on Bull Creek. 
It thickens in places, cutting out the coal, and Drake considered 
that this bed might be part of the same sandstone that cuts out 
the Chaffin limestone. The outcrops are inadequate to determine 
this as a fact, however, and it seems more likely that this and 
other sandstones, though perhaps indicating unconformable rela­
tions, represent unconformities of no great magnitude. Such rela­
tions occur at many places in the Harpersville section of the Brazos 
Basin. The fact that some depressions in the unconformities in the 
Harpersville in the northern area are partly or completely filled 
with shale deposits, which in places contain coal streaks, may 
account for some of the eccentricities of sedimentation in this for­
mation in the Colorado River Basin. The higher sandstones in the 
interval below the limestone that has come to be locally known 
as "first Waldrip limestone" or "Waldrip limestone No.1" are 
separated by shale and seem to have been deposited without inter­
ruption. 

The first Waldrip limestone is 2 feet thick, in part hard and 
thin bedded, in part gray, soft, and impure, and weathers lumpy 

and nodular. It lies 109 feet above the base of the formation. The 

interval from the first Waldrip limestone to the second Waldrip 

limestone. is 34 feet. The lower part of this interval is occupied 

by variegated shales, which are overlain by 6 feet of sandstone, 

with a streak of impure coal at the top, and above the coal 9 feet 

of gray fossiliferous shale. 

The second Waldrip limestone is 1112 feet thick at Rockwood. It 
is gray to brownish, hard, and fossiliferous and weathers pebbly. It 

shows limy fucoidlike markings on the bottom in some places. 

East of Rockwood and in the town site it is broken down locally 
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to a limestone conglomerate and shows evidence of having been 
exposed to erosion before being covered. Drake reports it to thin 
toward · the north, and it is not unlikely that a minor unconform­
ity occurs at this horizon. The interval from the second Waldrip 
limestone to the top of the third Waldrip limestone is 40 feet. It 
is occupied by gray and variegated shale, with a lenticular body 
of sandstone near the middle. On the south side of Bull Creek this 
sandstone is only 5 feet thick, but on the north side the thickness 
has increased to 15 feet. 

The third Waldrip limestone is gray to dark olive·buff, hard, 
and crystalline, and weathers to rough blocks. It contains fusu­
linids and some other fossils. On Bull Creek it is 2 feet thick. 
The interval from the top of the third Waldrip limestone to the 
base of the Saddle Creek limestone is 33 feet on the Colorado 
River bluff west of the mouth of Bull Creek and 37 feet on a bluff 
11/z miles to the southwest. At the latter locality the third Waldrip 
limestone is followed by three thin limestone beds (beds 27, 28, 
and 30 of the section) separated by shale, but these beds are not 
present in the section just south of the mouth of Bull Creek, the 
interval there showing only gray shale, weathering yellow. The 
Saddle Creek limestone is underlain by sandstone 3 feet thick in 
the river sections. 

The limestones of the Waldrip bed of Drake are reported by 
him to thin out toward the north, but th ough similar beds occur 
in the Harpersville formation in Young County and northern areas, 
there seems little evidence for the detailed correlation of the beds, 
as they are for the most part thin. Some are lenticular and prob­

ably were not deposited over broad areas, and others are inter­

rupted by the numerous but insignificant unconformities which affect 
this formation. 

Saddle Creek limestone member.-The Saddle Creek limestone 

was named by Drake for its outcrop on Saddle Creek just south 

of Colorado River. It is a hard gray bedded limestone with white 

flecks in the upper part of the bed, .suggesting the presence of frag­

mental fossils in the matrix. Southwest of Rough Hollow it is 6 

feet thick. Southwest of Bull Creek, there is at the base a some­

what sandy bed 1 foot thick, gray weathering yellow, but this bed 
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is not generally present. The Saddle Creek is resistant to weather­
ing, and as it overlies less resistant beds it forms a strong escarp­
ment cutting across the country from southwest to northeast: 

PUEBLO FORMATION 

The type locality of the Pueblo formation is in Callahan County. 
It consists, in descending . order, of the Camp Colorado limestone 
member, a series of shale beds with some sandstones and thin 
limestones, the Stockwether limestone, Coon Mountain sandstone, 
and Camp Creek shale members-all named by Drake from localities 
in the Colorado River Basin. Near the base of the Camp Creek 
member is a striking limestone bed. The following composite sec­
tion is made up from outcrops extending from a point just north of 
the mouth of Rough Hollow to a point on the north side of the 
river west of Saddle Creek. 

Composite section 0/ Pueblo formation on north side 0/ Colorado River, Cole­
mon County. 

Pueblo formation: 

Thickness 
Feet 

31. Umestone, gray, hard; contains much blue chert (Camp Colo-
rado limestone member) ._____ _________________________ 8 

30. Shale, roo _____________________ .__ _________________________ 35 
29. Limestone, sandy, gray to yellow; some fossils .. _______________ 3 
28. Limestone, gray, hard _____________________ ._ .. _._._.________ 1 
27. Shale, red ... ______________ . ____________ . ____ 12 
26. Limestone, gray; contains fusulinids ... ____ ._ ... _ .. ____ . ____ .. _ .. _ 1 
25. Shale, red ... _ ___ .. __ . ______ ._. __ ._ .. _______ . ___ ... ___ 15 
24. Sandstone, yellowish, massive _____ . _____ .. ____ . ___ ._.__ 5 
23. Not exposed __ .... ____ ... _ .... _ .. __ . ___ . ___ .. _______ ._ .. _ 10 
22. Sandstone, yellowish to brown, soft, massive ___ .... _ .. _ 10 
21. Shale, red ... ___ . ____ . _ __ . ______ . ______ .... ____ .. _ ... _____ .. _ 10 
20. Shale, sandy, white_ ...... _ .. _ .. __________ . __ .. __ .... _._. 4 
19. Limestone, sandy, nodular, yellowish ... ___________ ._ .... ___ 3 
18. Shale, sandy, yellowish ___ . ___ . __ _____ ._ .. _________ .. ___ .... ___ ._... 6 
17. Sandstone, soft or limy, yellowish, bedded. _____ ._____ 4 
16. Limestone, gray, hard, stratified; contains yellow chert (Stock· 

wether limestone member) __ . _____ .. __________ ._ ... _ 15 
15. Sandstone (Coon Mountain sandstone memberl. _ ____ .. _ .. ___ 0-8 
Camp Creek shale member (74 feet) : 

14. Shale, red _ .. ____ .... _ .. _____ .. _____ .. ____ . _ ___ ._.__ 9 
13. Limestone, sandy, noduJar, yellow .. _ .. _ ____ . __ .. _____ 1 
12. Shale, sandy, yellowish and sofL_ ______ _________ 14 
11. Shale, yellowish to gray_ .. _ .. _ .. __ .. _ ... _ ... __ ... ___ ... ____ 10 
10. Sandstone and sandy limestone, yellowish to red_ ... __ 4 
9. Sandstone, soft, yellow _ _ _ __ . ________ .. _ __ 2 
8. Shale, sandy, yellowish _____________ ._ .. _ _ _ 4 
7. Sandstone, soft, yellowish_ . _ ___ :.... __ ._ .. ___ __ . 2 
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Thickness 
Feet 

6. Limestone, sandy, yellowish, fossiliferous ... _____ .__ 2 
5. Shale, red._ ... ___ . __ ._ .... ___ .... ____ ... _ ... ____ ...... _ 12 
4,. Limestone, dark gray to bluish; weathers to roundish 

balls; contains fusulinids_____________ 1 
3. Sandstone, soft, white to yellow ___ . ____ . __ ._._ .. ____ 1 
2. Shale, gray and red ... ____ ._._..:._. ___ ... _ _ ._._.___ 9 
1. Shale, limy, fossiliferous ___ . __ .. ___________ .___ 3 

Harpersville formation: 
Saddle Creek limestone member. 

216 

Camp Creek shale member.--The Camp Creek shale member is 
74 feet thick ·where not overlain by Coon Mountain sandstone. It 
begins at the base with 12 feet of shale, which in some places has 
a I-foot bed of sandstone at the top. This is overlain by a hard 
fossiliferous limestone 1 foot thick, which usually weathers to round­
ish boulders 8 to 10 inches in diameter like cannon balk The 
limestone is persistent in the river area, and Drake noted a bed 
at about this horizon northwest of Rockwood, which, however, he 
described as Baggy. This unnamed limestone is overlain by 12 feet 
of red shale, capped by 2 feet of yellowish sandy fossiliferous 
limestone in the area northeasli of Rough Hollow but not observed 
to the southwe·st. This bed was also noted by Drake n:orthwest of 
Rockwood. This limest~ne is followed by shale and sandy shale, 
with which are interstratified some thin sandstone beds, some of 
which are limy but not fossiliferous. Northeast of Rough Hollow 
the member is capped by 9 feet of red shale, which is absent where 
the Coon Mountain, sandstone is present. 

Coon Mountain sandstone member.-Northeast of Rough Hollow 
the interval elsewhere occupied by the red shale at the top of the 
Camp Creek memb~r is filled by a deposit of sandstone which 
Drake called the "Coon Mountain sandstone." This bed thins 
rapidly toward the south and is not present beyond the mouth of 
Rough Hollow. Toward the north it also thins rapidly to about 1 
foot of limy ripple-marked sandstone, which continues for some 
distance. The Coon Mountain sandstone might be dismissed as just 
another sandstone contemporaneously deposited in the sandy shale 

at the top of the Camp Creek member, were it not for the fact 

that Drake describes it as a persistent deposit from 1 to 25 feet 
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thick, containing conglomerate in places and thickening to 75 feet 
&r more at Coon Mountain, in northern Coleman County, where 
he reported it as cutting down to the third Waldrip limestone. 
The conglomerate at Coon Mountain was reported by Plummer and 
Moore to be of Cretaceous age, but it seems unlikely that this is 
true at all the intermediate points described by Drake. Along Colo­
rado River it was not observed to be thicker than 8 feet, but it 
may well represent a considerable unconformity. 

Stockwether limestone member.-The Stockwether limestone was 
named by Drake for the Stockwether ranch, in southern Coleman 
County. It immediately follows the Coon Mountain sandstone or, 
in the absence of the sandstone, the red shale of the top of the 
Camp Creek shale member. It is 15 feet thick northwest of the 
mouth of Saddle Creek and 18 feet thick southwest of the mouth 
of Rough Hollow. It contains considerable quantities of yellowish 
to light·colored chert. The contrast in hardness between this re­
sistant limestone and the underlying Camp Creek shale produces a 
prominent escarpment. 

Shale member between Stockwether and Camp Colorado lime­
stones.-The 119 feet of shale and sandstone between the top of 
the Stockwether limestone and the base of the Camp Colorado lime­
stone contains three or more limestone beds in the lower part and 
several thin fossiliferous limestone beds in the upper part. The 
limestones are gray, hard, and fossiliferous, but none are more 
than 1 foot i~ thickness. Most of the shales are red. 

Camp Colorado limestone member.-The Camp Colorado lime­
stone was named by Drake for Camp Colorado, northeast of Cole­
man, in Coleman County. Northwest of the mouth of Saddle Creek, 
on the north side of Colorado River, it is 8 feet thick. It is gray, hard, 
and bedded and contains much bluish to blackish chert, being in 
this respect in contrast with the Stockwether limestone, whose chert 
is light.colored. 

, 

PERMIAN SYSTEM 

WICHITA GROUP REDEFINED 

MORAN FORMATION 

The Moran formation was formerly included in the Pennsylvanian 
Cisco group but is now classified by the Texas Bureau of Economic 
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Geology as the lowest formation of the Permian/6 and that classifi­
cation is here adopted. It is described in this report, together with 
the overlying Putnam formation, in order to afford a comparative 
study of the Cisco group, as now restricted, with the immediately 
overlying formations . The type locality of the Moran is in Shackel­
ford County. It consists of the following members, from the top 
down, all of which have their type localities in southern Coleman 
County: 

Sedwick limestone member 
Santa Anna shale member 
Horse Creek limestone member 
Watts Creek shale member 

The Moran formation consists of red and gray shale, chiefly red, 
aNd a few thin sandstone beds, with which are interstratified ten 
or more thin limestones, most of which are less than 2 feet thick, 
and only two of which, the Horse Creek limestone in the lower part 
and the Sedwick limestone at the top of the formation, have been 
named in this area. The greater number of limestone beds occur 
in the lower part of the formation, where most of them are gray, 
hard, and noncherty, though a bed 4 feet above the base weathers 
yellowish, and another bed 29 feet below the Horse Creek is cherty. 
Two thin sandstones were noted in the lower part of the formation, 
but the Moran in this region contains very little sandstone. The 
Horse Creek limestone is 6 feet thick on Panther Creek. It is massive, 
hard, and light gray, bu~ in some parts of the bed it weathers yel­
lowish in slabs and rounded pieces. 

The Santa Anna shale member, which constitutes the upper part 
of the formation beneath the Sedwick limestone member, is composed 
of gray shale with minor amounts of red shale and a few interbedded 
thin limestones. Only the uppermost limestone bed, which is sandy, 
weathers yellow. This is in strong contrast to the striking group of 
thin yellow limestone beds occurring in this part of the Moran 
formation in Shackelford and Throckmorton counties, to , the north. 

Plant fossils were collected from gray shale 23 fee! above the 
Horse Creek limestone, 772 miles southwest of Gouldbusk, and sub­
mitted to Charles B. Read, of the United States Geological Survey, 
who reported: 

1.6Sc l1 ar-ds, E. H .• Adkins , W. 5 ., and Plummer, F. B .. The Geology of Texas, Vol. I. Stratig· 

raphy: Univ. Texa. Bull. 3232, pp. 140-144, 1932 [1933]. 
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This entire collection contains but ODe form, a new species of Neuropteris. 
In consequence I can say nothing concerning its stratigraphic significace. 

The Sedwick limestone, where measured in Panther Creek, is only 

3 feet thick, but much greater thicknesses, as much as 25 feet, have 

been observed elsewhere in Coleman County. The limestone is dense 

and gray to white but weathers to yellowish rounded chunks and 

slabs. It is well bedded and contains some chert. The bed is fos­

siliferous, and some of the coiled shells it contains are silicified. 

The following composite section g~ves a total thickness of 172 

feet for the formation along Colorado River: 

Composite section of Moran formation in and southeast of Panther Creek, near 
Colorado River, Coleman County. 

Sedwick limestone member: 

Thickness 
Feet 

31. Limestone, gray, weathering yello-wish, bedded; co-ntains 
chert, fossiliferous ________________________ 3 

Santa Anna shale member (65 feet) : 
30. Shale, gray __________________ 8 
29. Limestone, sandy, yellowish, nodulaL____________ _ 2 
28. Shale, gray __ --_____ ___________ 6 
27. Limestone, gray ____ -,-________________________ 1 
26. Limestone, gray, conglomeratic, fossiliferouL_________ 1 
25. Shale, gray 10 
24. Shale, red___________ ____________________ 4 
23. Shale, gray________________________ 20 
22. Limest{)ne, sandy, Dodular___________________ 1 
21. Shale, gray _____________ ___ · 12 

Horse Creek limestone member: 
20. Limestone, bluish to- light gray, weathering to- buff___ 6 

Watts Creek shale member (98 feet) : 
. 19. Not exposed. _________ ~ ___________________ 16 

18. Limestone, gray to white, no-dular 1 
17. Shale, red __________________________ 

7 
______ ________ 12 

16. Limestone, gray; some fossils, some cherL_ _____ 2 
15. Shale, red______ _____________ ______________ 8 
14. Limestone, gray, hard; weathers to smalI round pieces 1 
13. Shale, red.___________________ ___ 4 
12. Sandstone, yellowish, soft, massive_________________ 4 
11. Not exposed; probably shale___________ 8 
10. Sandstone, yellowish, soft, laminated___ ___________ 2 

9. Shale, gray__________________________________ 3 
8. Limestone, gray, hard, bedded __ ____________ 2 
7. Shale, red ______________________________ 8 
6. Limestone, gray, nodular__________ 1 
5. Shale, red; thin streaks of sandstone__________ 5 
4. Limestone, gray, hard, bedded._______________ 3 
3. Shale, not well exposed..- 10 
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Thickness 
Feet 

2. Limestone, bluish, f08siliferous, bedded; weathers 
yellow _____ ~________________________________________________ 4 

1. Shale, not well exposed________________________ 4 
Camp Colorado limestone member of Pueblo formation. 

172 

PUTNAM FORMATION 

The Putnam formation, named for the type locality near Putnam, 
in Callahan County, is composed of two members, the Coleman 
Junction limestone at the top and the Santa Anna Branch shale 
member below, the type locali ties of both of which are in Coleman 
County. The following is a representative section of the Putnam 
formation in southern Coleman County: 

Section 0/ Putnam formation, four and one-half miles west and four miles 
south of Gouldbusk, on the north side of Mercers Creek, Coleman County. 

Coleman Junction limestone member: 

Thickness 
Feet 

9. Limestone, bluish gray, weathering brown to olive-brown, 
blocky, fine grained, hard, sparsely fossiliferous________ 10 

Santa Anna Branch shale member (13& feet) : 
8. Shale, gray________________________________ _ _ 15 
7. Limestone, sandy, gray to yellowish, fossiliferous_______________ 5 
6. Shale, gray_________________________________ _________________________________________ 23 
5. Sandstone and sandy limestone, fossiliferous, yellowish and 

soft _________________________ _______________________________ 4 
4. Shale, gray____________________________________________________________ _____ 25 
3. Limestone, sandy, gray to yellow___________________________ 1 
2. Shale, gray __ _____________________________________________________________ 10 
1. Shale, red, in part sandy___________________________________________ _________ 55 

Sedwick limestone member of Moran formation. 

148 

The Santa Anna Branch member consists mainly of gray shale, 
but a part near the base is red. It contains some sandy fossiliferous 
limestone beds and one thin bed of soft limy sandstone, though the 
member as a whole is singularly free of sandstone. The Coleman 
Junction - limestone is 10 feet thick and is interstratified with thin 
shale beds. The limestone is blue-gray when fresh, weathering to 
yellowish brown, is hard, fine grained, and semicrystalline, and 
contains some chert. It is fossiliferous, but the fossils do not weather 
out freely. 
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SUMMARY 

The following table summarizes the thicknesses of the formations, 
overlaps excluded, measured on the north side of Colorado River 
in Brown and Coleman counties. 

Permian: 
Wichita group redefined (basal part, :>20 feet): 

Thickness 
Feet 

Putnam formation _____________ _________________________________ 148 
Moran formation..-. __________________________________ 172 

Pennsylvanian: 
Cisco group restricted (795 feet) : 

Pueblo formation _______________________________ 216 
Harpersville formation _________________________ 238 
Thrifty . formation ______________________________________________ B7 
Graham formation _______________________________________ 204 

Canyon group (571 feet) : 
Caddo Creek formation . _________________________________________ 69 
Brad fonnation restricted. ________________________________ 14517 

Graford formation redefined (after Cheney L ____________________ 357 

1686 

17Should be in creased to 240 or 260 (ee t. See footno te I, p. 91. 



COMPARISON OF BRAZOS AND COLORADO RIVER SECTIONS 

W AI,LACE LEE · 

The table below shows a comparison of the thicknesses of the 
various formations as measured in the Colorado and Brazos River 
basins at localities about 115 miles apart. The formations of the 
Canyon group in the Brazos River area are taken from the columnar 
section of the study of the Bunger district by Lloyd E. Wells and 
are based' on well logs. The fact that the Graham formation is 
bounded above and below and the Thrifty formation below by 
unconformities makes the determination of the comparative thickness 

of these formations difficult. In the Colorado River section the base 

of the Bellerophon limestone has, for convenience, been used as 

the division line between the Graham and Thrifty formations, 
although the underlying Avis sandstone is also present there, and 

in the Brazos section the top of the highest limestone of the Way­

land member (the 9b limestone) is, for convenience, used as a 
division line, though there are remnants of Wayland shale about 30 

feet higher and a considerable thickness of Avis sandstone below 

this horizon. 

The base of the Graham formation in the Brazos section is, for 

the purpose of . comparison, placed at the base of the Salem School 

limestone member, although there are some thin shale beds beneath 

it which also belong to the Graham as well as the deposits of the 

Kisinger channel. 

The base of the Palo Pinto limestone in the Colorado River sec· 

tion is placed at the base of the thin limestone tentatively correlated 
with the Pa~o Pinto by Cheney. The top of the Palo Pinto lime· 

stone in the comparative section is placed at the top of a zone of 
conglomeratic limestones, but Plummer1 gives evidence supporting 

the correlation of the Adams Branch limestone with one of the 

members of the Palo Pinto limestone, a correlation which would 

modify to some extent the details of the comparative columnar 
sections but would not materially alter the general conclusions. . 

1Plummer, F. B., l etter. May 28, 1935. 
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Thicknesses of formations 0/ lower Permian and upper Pennsylvanian age on 
Colorado River and on Brazos River, Texas 

P ermian system : 
Wichita group redefined (basal part) : 

Putnam formation ______________ _ 
Moran form a tion _______________ · _ 

Pennsylvanian system: 
Cisco group restricted. ___ ____ _ 

Pueblo fonnation ________________ _ 
Harpersville formation ____________ _ 
Thrifty formation ___ . ________ _ 
Graham formation . _________ _ _ 

Canyon group _______________________ _ 
Caddo Creek formation ______ . ____ _ 
Blad formation restricted _______ __ _ 
Graford and Palo Pinto formations 

Colorado River 

148 
172 

(795) 
216 
238 
137 
204 

(571) 
69 

1452 

357 

Brazos River 

205 
213 

(1l4S) 
207 
233 

. 151 
557 

(lOll) 
161 
250 ' 
600 

The relation of the sections in the two areas is shown graphically 
in Plate X, in which the two sections haJe been coordinated on the 
Breckenridge limestone, the lowest of the nearly parallel members 
of the upper Cisco common to both areas. There is a slight con­
vergence from north to south, amounting in all to about 85 feet, 
between the limiting limestone members of the Putnam and Moran 
formations,a now considered by the Texas Bureau of Economic 
Geology the lowest formations of the Permian. 

The parallelism of the upper members of the Cisco as measured 
independently along Colorado River and in the Brazos Basin down 
to the ammonoid zone in the central part of the Graham formation 
is unusual especially when the distance (about U5 miles) is con­
sidered. Although the almost perfect correlation of the upper part 
of the Cisco is to a certain extent fortuitous, as local variations 
occur between datum beds in all the formations, it is evident that 
the surface remained essentially horizontal at least in the direction 
of the two sections while the beds of the upper Cisco were being 
deposited. 

In the upper part of . the Cisco the regularity of the intervals 
between the more conspicuous members of the two areas checks 

.2Log of wells starting a short distance above the outcrop indicate that this thickness should 

be increased to 240 or 260 feet. 
sIf the identification of the Sedwick limestone by Bullard and . Cuyler proves correct, this 

convergence will be in the Moran formation rather than in the Putnam formati on as shown 

on th e cross·section (PI. X). See footn ote. p . 92. 
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with correlations arrived at independently. The identification by 
]. S. Williams, in another paper in this report, of the Belknap lime· 
stone of the Brazos River section with Waldrip limestone No. 2 of 
Drake in the Colorado River section, and the correlation of the 
ammonoid zone above the Bunger limestone of the Brazos section 
with the ammonoid zone below th~ Gunsight of the Colorado River 
section is perfectly sustained by the stratigraphy. 

The purely speculative identification of the Stockwether limestone 
in the thin intermittent earthy fossi liferous limestone of the Pueblo 
fo rmation on Clear Fork of Brazos River receives considerable 
support by its occurrence at the exact horizon of the Stockwether 
limestone in the Colorado River section. 

The essentially parallel relation of the various members of the 
upper Cisco extends downward to the ammonoid zone and the Bunger 
limestone, though a slight convergence toward the south, amounting 
to about 50 feet, occurs between the Breckenridge limestone and the 
ammonoid zone, which is 29 to 34 feet above the Bunger limestone 
in the Brazos basin. From this horizon down to the base of the 
Canyon group there is a striking convergence, regular and approxi­
mately proportional to the depth and thickness of the formation 
along the line ' of the cross section, which is a southerly component 
of the actual direction of convergence. The thickness of the deposits 
in the Brazos River area from the ammonoid zone to the base of the 
Palo Pinto is 1348 feet, whereas in the Colorado River area the same 
interval (the exact base of the Palo Pinto being uncertain) measures 
about 616 feet, indicating that though both areas were subsiding the 
Young County area was subsiding more than twice as fast as the 
Brown County area. Most of the convergence occurs in the lower 
part of the Graham formation. 

The Lacasa area, studied by Ross,4 lies on the line joining the 
basal parts of the Graham formation in the two columnar sections 
and is shown on the cross section. It fits perfectly into the converg­
ing lines connecting the two columnar sections, even the thicknesses 
of the Home Creek and Ranger limestones and intervening beds 
corresponding to the southerly thinning of these beds.5 The Lacasa 

. 'Ross, C. S. , The Lacns8 area , Runger dislric t, north-centra l Texas: U.S. Ceol. Sun'ey Bun. 

726. p. 305, 1921. 

GThe thickness o f the Brad formn tion on Colorado River shown in the Cro8!1 ·section is that 

measured 011 the ou tcrops. The thickness indica ted by well logs shows the Brad on Colorado-
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section, however, is shown in the sketch a little farther south than its 
true geographic position, so that the convergence is actually a little 
sharper north of the Lacasa area and more gradual south of Lacasa 
than shown. 

The interval from the Bunger limestone to the top of the Home 
Creek limestone is 303 feet in the Brazos River area, in southeastern 
Young County. In the Lacasa area, 30 miles to the south, on the line 
joining the lower Graham section of Brazos and Colorado rivers, the 
interval is 178 feet . In the Ranger area,G about 10 miles farther 
south, the interval has increased t? 255 feet. The beds of this interval 
thin again between the Ranger area and southeastern Coleman 
County on the Colorado River until they nearly disappear. 

From the Bunger limestone down to the base of the Canyon group 
the thick limestones either thin or finger out in the line of the section 
toward the south. The thinner limestones, such as the Gonzales and 
North Leon limestone of the Ranger oil field section, thin and dis· 
appear and the shale beds between them thin also. 

The Gonzales limestone in the Lacasa area of the Ranger district, 
as reported by Ross, is stratigraphically closer to both the over­
lying Bunger limestone and the underlying Home Creek than in 
Young County. Not only is this true, but the overlying conglom­
eratic sandstone is thinner and its top is closer to the Bunger lime-

. stone in the Lacasa area than in Young County. These differences 
seem to indicate that the Young County area was subsiding faster 
during this interval than the Lacasa area, and the thinning of the 
corresponding shales in Brown County suggests that the Gonzales 
limestone, the North Leon limestone, and possibly the Bunger lime­
stone, overlap on the margin of the subsiding basin and were never 
deposited in southern Brown County. 

Insofar as there is uncertainty as to the exact position of the top 
of the Home Creek in southern Brown County, there is a correspond­
ing uncertainty as to whether the Bunger limestone, which was 
deposited near the close of the subsiding movement, is represented 
in the Colorado River section, where it has not been positively 
identified. There seems reason to suspect that the Bunger limestone, 

River of ap proxima tely the same thickness 8S the Brad in the Bunger Pool in the Brazos 

basin. There is therefore no convergence in the Brad formation. 

°Reeves. Frank, Geo1ogy of the Ranger oil field, Texas: U.S. CeDI. Survey Bull. 736. p. 
115. 1922. 
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like the Gonzales and the orth Leon limestones, overlaps the mar­
gin of the flexing basin and disappears, though it may be repre­
sented by the yellow limestone at the base of the Graham in the 
,Colorado River section, If later work .shows that the equivalent of 
the Home Creek of the Brazos area has been placed too high in 
the Colorado River section, it may even be represented by one of 
the gray limestones there included in the upper part of the Home 
Creek limestone. Such a development would not, however, modify 
the general conclusions. 

The relation of the beds in the lower part of the Graham formation 
to each other indicates that the warping during Canyon time con­
tinued into the lower Cisco. After the deposition of the Gonzales 
and its subaerial exposure and partial removal the region was again 
warped. The trough so formed was filled to a certain level with 
sand and gravel derived from the rising terrane to the east (the 
southwestward extension of the Ouachita Mountains). The surface 
of the sandstone deposit was evidently warped or flexed in the 
same way as lower datum beds and covered by shale, which was in 
turn followed by the recurrence of marine deposits ( the Bunger 
limestone). ' There appears to have been only slight warping of 
die Bunger limestone and the immediately overlying ammonoid 
zone but with these movements the subsidence to the east, which 
had been going on since early Strawn time, came to an end so far 
as the direct record shows. 

Whether the flexing actually ceased at this time is open to ques­
tion, for in both Young County and Brown County the parallel 
series of beds of the upper Cisco were ' measured west of the axis 
of the Bend flexure. The eastward extension of the upper Graham, 
Thrifty, and Harpersville on the active side of the axis of the Bend 
flexure has now been lost by erosion, but it is possible that these 
beds now eroded east of the axis might have shown convergence in 
that area. The Canyon beds in the Cross Cut-Blake area west of 
the Bend axis, as shown in the report of Edgar D. Klinger to be 
published elsewhere, are essentially parallel, although east of the 
axis they show divergence. 

The regular subsidence of the northern area with respect to the 
south is indicated throughout the Canyon group by the convergence 
between the principal beds and by the thinning and fingering out of 
the limestones toward the southern area. The Palo Pinto limestone, 
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the Winchell member, and the Home Creek limestone although not 
correlated without question between the two areas, tend to split up 
toward the south into a series of thinner limestone beds separated 
by shale in such relations as to suggest the approach in this direction 
to a land mass on whose flank the advance and retreat of shaly sedi­
ments interrupted the continuous deposition of limestone. The 
cross section, as it is based on only two areas, gives the impression 
that the convergence varies geometrically with the distance, a con­
dition that probably does not exist, the rate of increase in thickness 
toward the north probably being variable. 

The cross section is based on a north and a' south section and 
therefore gives the impression that the changes took place in this 
direction: As a matter of fact the line joining the two measured 
sections is diagonal to the structural movements of the time and 
actually expresses in a qualitative way changes which actually oc­
curred in a more nearly east-west direction, the northern section 
expressing in a qualified way changes taking place basinward to 
the east, and the southern section the more static conditions toward 
the west. 

Cheney's work7 shows that the Strawn group thickens into a 
synclinal area west of and parallel to the extension of the Ouachita 
belt of Paleozoic rocks (fig. 9). The flexing of the Canyon and 
lower Cisco beds is believed to express the continuing deformation 
and uplift of the same movement. The fact that Ouachita Mountain 
pebbles are present in most of the sandstone deposits up to late 
Harpersville indicates the continued elevation of the sourCt> area at 
least till that time. 

Presumably the flexing recorded in the convergence of the early 
Cisco and Canyon was the continued expression of the more pro­
nounced movements that took place in the Strawn. The subsidence 
of the synclinal basin postulated by Cheney seems to have been 

gradual, more or less regular, and recurrent, as indicated by the 
consistent convergence between recognizable datum beds that were 
deposited on its margin. Along with these movements, however, there 
occurred others which seemingly had no definite relation to them, 
for they took place during the period of subsidence not only in the 

'1 Cheney, M. G., Stratigraphic and s truc tural studies in north-central Texas: Univ. Texas 

Bull. 2913, pis. 3 and 8, 1929. 
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areas of convergence but also affected the parallel formations on 
the structurally static west side of the Bend axis in the upper Cisco. 
These movements resulted in the advance and retreat of the sea 
and are expressed in a series of unconformities, filled channels, beds 
that represent the pulsating advance and retreat of limestone and 
shale deposition, and other features. As these movements alternated 
throughout the period of differential subsidence of the synclinal area 
flanking the Ouachita belt of Paleozoic rocks and affected also the / 
static area west of the Bend axis, it would seem that the fluctuations 
of sea level were independent of the immediate obvious local 
structural movements. 

OKLA. ARK 

100 ZOO lOO MILE! 
I ! I 

AREAS OF 
_ STRATIGRAPtilC 

~TUOI(S 

Fig. 9. Sketch showing the relation of areas studied to certain structural 
features of the region. (After Miser.) 

Looked at as a whole, the stratigraphic column presents a record 
of almost continuous rise and fall of sea level. Some of the fluctua­
tions were expressed in changing types of sediments, others by un­
conformities, by terrestrial deposits with tree trunks in place, by 
impure coal deposits, by tidal channels, and by marine deposits in 
a bewildering and disorderly &equence. 

It is axiomatic that the sedimentary deposit of clastic material 
indicates erosion at the place of origin of the sediments, which have 
been transported from a land area and distributed and sorted by 
river, current, wave, and tide. The region from which they came 
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must have been eroded in tidal channels or steep·sided ravines, or 
else it must show maturely eroded surfaces, depending on the length 
of exposure, hardness of rock, gradient, and other factors. Several 
of the erosion surfaces noted in the Cisco of the Brazos Valley have 
a relief approaching or exceeding 100 feet. Withdrawal of the sea 
far enough to provide a gradi en t for erosion of this magnitude 
might well be expressed in hundreds of miles. If the surface were 
tilted the distance would be less, but there is no evidence in the 
late Cisco of any tilting and very little in the early Cisco. It has 
been suggested that submarine scour of land streams might be 
effective in producing these surfaces, but even if it could be demon­
strated that such continents and rivers existed this explanation seems 
to be eliminated by the fact that at least some of the unconformable 
surfaces were not merely channeled but maturely dissected. The 
deposits of the post-Bunger No. 2 cycle, for example, occupy a 
basin about 100 feet deep and not less than 10 miles wide. Other 
surfaces, such as that preceding the o. 7 cycle, the o. ,9 cycle, and 
the Avis sandstone, show mature dissection. The Kisinger channel 
is cut through the Home Creek limestone, a 50-foot limestone bed, 
and its bottom is eroded into the Ranger limestone. The Home Creek 
was al ready hard enough to break off in huge solid blocks on the 
side of the channel during the erosion period, and there is no 

reason to suppose that the Ranger was not equally consolidated at 

the time. Such erosion seems to indicate a subaerially eroded valley, 

for a submarine current, not being dependent on gradient, would 

tend to broaden its channel in the softer shale beds rather than 
erode hard limestone. The size and velocity of the submarine current 

demanded f~)f submarine erosion of the Kisinger and other channels 
wou ld in any case seem to eliminate it as an explanation. 

The weight of evidence seems to favor the withdrawal of the sea 

from the areas, even though this involves extraordinary fluctuations 
in sea level. 

At the time the Kisinger channel was being eroded the Ouachita 
Mountains were still being raised and folded. The synclinal area 

which flanked the Ouachita belt of Paleozoic rocks to the west and 

north and in which in Texas th~ Strawn beds had been deposited 
was still subsiding. The abrupt tapering of the Kisinger channel 
towa-d the west indicates that it had a general easterly course and 
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that the stream was not long. It probably drained into the inter­
mittently subsiding synclinal basin to the east at a time when down­
ward flexing had renewed the synclinal trough and simultaneous 
withdrawal of the sea had given the margin of the static area west 
of the syncline a definite topographic relief. After erosion the basin 
may have been filled with outwash deposits advancing from the 
east from the coincidentally elevated Ouachita belt with or without 
the return of the sea. r 

The source of the chert pebbles is definitely to the east, and, 
by whatever means it was accomplished, it is a fact that the coarse 
debris ultimately reached across the basin and was deposited in 
the dissected area on the west side. A possible example of how 
this may have been effected is illustrated by the conglomeratic 
sandstone overlying the Gonzales limestone; as shown in the cross 
section (PI. X). The relations strongly suggest either the filling , 
of an eroded and warped basin or the conditions represented by 
the Avis sandstone, mentioned .below. 

If the synclinal basin east of the axis of the Bend flexure con­
tinued to subside during late Cjsco time, an explanation might 
be afforded for the localization of the erosion cycles on and near 
the axis of the flexure in much the same way as suggested for the 
Kisinger channel"-that is, by downwarping east of the axis and 
simultaneous w.ithdrawal of the sea, placing this area at the crest 
of a gentle eastward slope. In the absence of proof of late Cisco 
flexing east of the Bend axis, such an explanation, however plausi­
ble, is speculative, but all theories seem to call for remote with­
drawal of the sea during the erosion periods. 

The Avis sandstone, as shown in Plate X, furnishes an example 
of how some of the sandstones and conglomeratic beds may have 
been originally distributed. The top of the Avis sandstone is the 
one datum above the ammonoid zone th"at fails to show parallel­
ism. This sandstone west of Graham extends upward almost to the 
horizon of the Blach Ranch limestone, and its upper surface is 
deeply dissected. On Colorado River the sandstone that corre­
sponds in position to the Avis sandstone is conformably overlain 
by the Bellerophon limestone. The relations suggest that the Avis 

may have been deposited as an alluvial plain, the deposits slop­

ing basinward from the land area. If in the Colo~ado River area 
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the alluvial plain sank below sea level, limestone might be de­
posited upon it. Later erosion, dissecting the exposed parts of the 
plain in the north,ern areas, may have failed to remove all of the 
Bellerophon limestone (which Drake found interrupted by erosion 
in northern Brown County) in the southern area. 

No effort has been made to correlate the sandstones of the higher 
formations .of the Brazos area with those in the south, but the cor­
relation by James S. Williams of the Belknap limestone with Wal­
drip limestone No.2 should be of considerable aid in establish­
ing the horizons of the unconformities across the interval. 



CARBONIFEROUS INVERTEBRATE FOSSILS 

(EXCEPT FUSULINIDS) 

FROM NORTH-CENTRAL TEXAS 

JAMES STEELE WILLIAMS· 

INTRODUCTION 

The collections here reported on were obtained in the summer of 
1934, when this author was assigned to Wallace Lee's party to 
assist in stratigraphic and paleontologic studies of the areas described 
in this report_ The writer was ably assisted in collecting at various 
times by H. D. Miser, Wallace Lee, Ivan J. Fenn, C. O. Nickell, and 
Fred Y ockstick. The chief purpose of the author's field work was 
to obtain fossils from every fossiliferous bed, in order to augment 
existing knowledge of their faunas and to determine, if possible, 
faunal peculiarities by which the beds could be recognized and 
correlated by geologists making oil and gas and other economic 
surveys. 

All the collections came from rocks now referred to the Pennsyl­
vanian or the Permian. The oldest fauna was obtained from the 
Graford formation of the Canyon group; the youngest from the 
Coleman Junction limestone member of the Putnam formation, 
which is now tentatively assigned to the Wichita group (Permian)_ 

By far the greater number of collections came from the Graham 
formation of the Cisco group, which is one of the most fossiliferous 
of Carboniferous formations. Not only are fossils abundant in it 
but at the localities where the most fossiliferous zones are exposed 
fossils are weathered out o.n the shale slopes and may be picked 
up free from matrix. Many of these weathered-out fossils preserve 
the details of morphology to a surprising degree. Collections from 
this formation contain a wide variety of species, and nearly every 
species is represented by a great number of individuals. One or 
more of nearly every invertebrate class known from Carboniferous 
rocks, including many species of each of the classes generally found, 

. were obtained. The fossiliferous character of the Graham formation 
has been known for some time, and many palenotologists have 
collected from it. Despite this previous work, however, some new 

.United States Geological Survey. 
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species were discovered and data of value in correlation were 
obtained, even from the better-known fossil zones. In addition, 
collections were obtained from some of the limestone beds that 
have until now supplied no material for published lists. One of 
the most interesting finds was the discovery by Mr. Lee of a piece 
of a nautiloid cephalopod that is probably larger than any cephalo­
pod previously described from Pennsylvanian rocks. The strati­
graphic and economic value of the collections is particularly high, 
because practically all the collections were carefully made from beds 
and localities whose positions relative to others in nearby regions 
had been determined by the detailed mapping 01 Mr. Lee's party. 

Some collections contained only fusulinids and other microfossils. 
These, together with the fusulinids .from macrofossil collections, 
were turned over to L. G. Henbest, of the United States Geological 
Survey, for study. A report on some of these collections is presented 
in another paper. (See pp. 237- 247.) Other fusulinid collections 
are discussed on pages 48 and 49. Plant collections were studied 
by C. B. Read, also of the United States Geological Survey. His 
identifications and conclusions are presented on pages 14, 52, 53, 
125, 135, and 136. 

OUTLINE OF REPORT 

The arrangement of this. report is stratigraphic, and the collec­
tions are therefore discussed individually or collectively under 
groupings based on the formations from which they were obtained. 
Subordinate groupings indicate whether they have been collected 
from the Brazos River valley or from the Colorado River valley, 
the two areas in which Mr. Lee's party made surface studies. Col­
lections from the oldest formations are discussed first. By this pro­
cedure the collections are arranged in the following order: 

Collections from Graford formation . redefined, Canyon group, P ennsylvanian. 
(Extends from top of Palo Pinto limestone up to top of Winchell member, 
which includes the Clear Creek limestone of Drake in the Colorado River 
region.) 

Collections from Brad formation restricted, Canyon group, Pennsylvanian. 
(Extends from top of Ranger limestone member (the Home Creek limestone 
of Drake at type locality) down to top of Winchell member of Graford . 
formation_} 

Collections from Caddo Creek formation, Canyon group, Pennsylvanian. {In­
cludes Hog Creek shale member of Plummer and Moore (typical), over­
lain by Home Creek limestone member of Plummer and Moore.} 
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Collections from Graham formation, Cisco group, P ennsylvanian. (Extends 
from top of Home Creek limestone member of Plummer and Moore up 
to top of Wayland shale member and includes Gunsight limestone member. ) 

Collections from Thrifty formation, Cisco group, Pennsylvanian. (Extends 
from top of Wayland shale up to top of Breckenridge limestone member 
in the Brazos River region and to top of Chaffin limestone member in the 
Colorado River region. ) 

Collections from Harpersville formation, Cisco group, P ennsylvanian. (Extends 
from top of Breckenridge limestone up to top of Saddle Creek li mestone 
member. ) 

Collections from Pueblo formation, Cisco group, P ennsylvanian. (Extends 
from top of Saddle Creek limestone up to top of Camp Colorado limestone 
member. ) 

Collections from Moran formation, Wichita group, Permian. (Extends from 
top of Camp Colorado limes tone up to top of Sedwick limes tone member.) 

Collections from Putnam formation, Wichita group, P ermian. (Two coll ec tions 
from Coleman Junction limestone, the top member of the Putnam 
formation. ) 

Correlations, faunal characteristics, and age assignments of the 
various formations and their members are discussed under each 

formation after the faunas of the individual units have been 

described. 

Complete fossil lists are not given for all collections, and there­

fore the faunas of some formations or members are incompletely 

represented. The chief emphasis has been laid on obtaining a repre­

sentation of the faunal characteristics of each stratigraphic unit. 
To this end, collections were made and field data gathered to show 

the relative abundance of the individu"al elements in the faunules, 

as well as to furnish lists of the total faunal composition. The most 

detailed identifications were made of those forms that promised to 
have stratigraphic significance. Some of the other forms, especially 

those represented by poor material, were classified only as to their 
generic affi liations. This course was adopted because of the neces­

sity of finishing the report in a short time. The examination of the 
thousands of individuals belonging to nearly all classes of inverte­

brate animal~ on which this report is based was completed in J an­
uary to April, 1935. More detailed identifications of some of the 

lots will be made later when time is available. 
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LOCALITIES OF INDIVIDUAL COLLECTIONS 

A very brief description of the locality for each collection indio 
vidually considered is given under the faunas of the various zones. 
More complete descriptions are given in the register of localities 
(pp. 226-235). 

DATE OF IDENTIFICATIONS 

The fossils here reported on were identified during January, Feb· 
ruary, March, and April, 1935. Literature reaching the author's 
desk after April 1, 1935, has not been considered and changes in 
fossil names made in the literature or as a result of the author's 
investigations since that date have not been made here. They will 
be considered in future reports. In a few instances the author has 
not followed the usage of the most recent authors even though changes 
in nomenclature suggested by them were made before April 1, 1935. 
Some of these failures to follow these authors are because this 
writer definitely disagrees with them on philosophical or morpho­
logical grounds; others are due merely to a lack of sufficient time 
to investigate for himself changes about which the writer has some 
slight misgivings. With one or two exceptions, the fossil names 
about whose use there is some uncertainty are enclosed in quotation 
marks. In no instance should there be any doubt because of this 
situation as to which species is meant and it is therefore of interest 
only to paleontologists working on rocks of Carboniferous age. 

COLLECTIONS FROM THE GRAFORD FORMATION 

Collections were obtained from the Graford formation only in 
the Colorado River area. The following members, in ascending 
order, were seen in the field: basal member (Brownwood shale 
and limestone of some authors), Adams Branch limestone, Cedar­
ton shale, and Winchell member (which includes four limestones) . 
Collections were made during brief stops on a hasty trip with 
H. D. Miser, Wallace Lee, C. 0: Nickell, and Fred Yockstick, to 
examine formations previously mapped by C. O. ickell. No col­
lections were made from this formation on the later trip because 
the main problems were not centered there. . 

Basal shale and limestone member.-Two collections, 7505 and 
7506, were obtained from the basal shale and limestone me.mber. 
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Both came from the same locality, on the north bank of Colorado 
River about 3 miles east of Winchell, in the Mercury quadrangle. 

Collection 7506 came from a 3- to 6-inch bed of light olive­
drab argillaceous limestone. This bed contains Composita subtilita 
(Hall) in abundance. A moderately large productid, "Productus" 
(Dictyoclostus) portlockianus Norwood and Pratten, large indi­
viduals of Spirifer (Neospirifer) triplicatus Hall, and crinoid stems 
are common. Specimens of Spirorbis and of an incrusting bryozoan 
were also collected, but these are rare, having been seen only on 
a few of the Compositas. 

Collection 7505 came from a thin brown limestone conglomerate 
composed of crinoid stems and other fossils and lime pellets. This 
limestone is less than a foot thick. It is about 10 feet above the 
limestone that yielded collection 7506 and is separated from it by 
shale. Fossils are abundant. An incomplete list follows: 1 

Crinoid stems (va) 
Fenestella, two or more species (r to c) 
Polypora, one species (r) 
Rhombopora lepidodendroides Meek (r) 
Derbya crassa (Meek and Hayden ) (vc) 
"Productus" Ouresania?) nebrascensis n. var. afL P. ovalis 

(Dunbar and Condra) (r to c) 
"Productus" sp. undet., one fragment 
Composita subtilita (Hall) . (c) 
Myalina subquadrata Shumard (vc) 
Myalina recurvirostris ? Meek and Worthen (r) 
Del to pecten texanus ? Girty, fragment of an immature 

individual (r) 
Astartella concentrica ( Conrad) (r) 
Other pelecypods represented by fragments. 

Adams Branch limestone member.- One collection, 7507, was 
made from limestones of the Adams Branch limestone member ex­
posed a few feet northwest of a bridge over Colorado River on 
the highway in the south edge of Winchell, in the Mercury quad­
rangle. Fossils .are rare in this locality. The collection listed was 
obtained from the solid rock on July 14, 1934, by Miser, Lee, 
Nickell, Y ockstick, and Williams. 

Crinoid stems (r) 
Composita subtilita (Hall) (r) 
Fragments of other brachiopods (r) 

lIn the fossil lists va signifies very abunda'nt, a abundant, vc very common, C common, 
r rare, vr very rare. 
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Cedarton shale member.-Although it was investigated casually 
at two or three localities, the Cedarton shale member yielded no 
fossil collections. 

Winchell member.-One collection, 7508, was obtained from No. 
2 limestone (second limestone from base of the Winchell" member 
and equivalent to top bed of Drake's Clear Creek limestone) along 
the south side of the road, at the first rise, about half a mile west 
of Winchell. Fossils are rare. Same date and party as collection 
7507. 

"Productus" (Dictyoclostus) portlockianus Norwood and Pratten, 
one incomplete specimen 

Spirifer sp. undet., one fragment 
Composita subtilita (Hall) (1') 
Bellerophon? sp. undet., internal mold of a large form 

Age and correlation of Graford formation and its members.­
The members examined are so sparsely fossiliferous and the time 
spent in collecting from them was so inadequate that data suffi­
cient for correlation were not obtained. 

COLLECTION FROM THE BRAD FORMATION 

Only one collection was obtained from the Brad formation. It 
came from the Colorado Valley from beds included in the Ranger 
limestone member of Plum~er and Moore. This limestone is now 
considered to be the same as the Home Creek of Drake at the 
Home Creek type locality. A discussion of this question by Nickell 
is given elsewhere in this report. 

The locality from which this collection came is on Mukewater 
Creek, east of Whon. The beds exposed here are bluish-gray finely 
crystalline to dense limestone, with darker stringers of calcite and 
scattered yellow-brown spots of iron oxide about the size of a 

pinhead. The beds contain many fossils, as shown by sections on 

the weathered surfaces, but identifiable fossils are difficult to ob­

tain. The most abundant species are Campophyllum torquium 

(Owen ) and a productid, Marginifera? lasallensis (Worthen), but 
Composita subtilita (Hall ) is also common. The following species 

were identified in this collection, which is Carboniferous paleon­

tology No. 7580. 
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Campophlyyum torquium (Owen) (ve) 
Crinoid stems (r to e) 
Enteletes hemiplieatus (Hall), imperfect specimens that may belong 

to the variety plattsburgensis (r) 
. "Produetus" (Linoproduetus) prattenianus Norwood and Prat· 

ten, young (r) 
"Produetus" (Eehinoeonehus) sp. undet., fragment (r) 
Marginifera? lasallensis (Worthen) (ve) 
Marginifera wabashensis (Norwood and Pratten) var. A. (r to e) 
Spirifer (Neospirifer) triplieatus Hall (r to e) 
Punetospirifer kentuekyensis (Shumard) (r) 
Composita subtilita (Hall) (e) 
Bellerophon? sp. undet., internal mold (r) 
Fragments of bone. 

Age and outside correlation oj the Brad jormation.-The lack of 
collections from the Ranger limestone member and other parts of 
the Brad formation of the Brazos River valley precludes correlation 
of the members in the two areas here considered. The one collection 
from the Colorado River valley is hardly a sufficient basis for a 
discussion of the faunal peculiarities of the Brad, although the 
presence in it of a species of Enteletes together with certain other 
species serves to limit the age range of the Brad in terms of the 
northern Midcontinent region. Such an age limitation is further 
suggested by the absence of certain species characteristic of other 
horizons. None of the species that are common in and definitely 
restricted to the Des Moines group occur in it. These include 
Chaetetes milleporaceus Edwards and Haime, Prismopora triangulata 
(White), Chonetes (Mesolobus) meso bolus Norwood and Pratten 
and its varieties, Marginijera muricatina Dunbar and Condra and 
its variety missouriensis, and Spirijer rockymontanus Marcou. 

The Enteletes contributes toward limiting the age of the Brad 
because this genus ls not known to occur in beds as low as the 
Wewoka formation of Oklahoma or in beds below the Kansas City 
group in the northern Midcontinent region. Another significant 
form in the Brad is Marginijera? lasallensis (Worthen), which al­
though it has been questionably identified from the Wewoka (proh­
ably of Des Moines age) is more characteristic of the Kansas City 
group and higher beds. These two fossils seem to imply that the 
Brad is no older than the Kansas City and is hence younger than 
the Wewoka. 

The upper limit of the Brad formation in terms of the Mid­
continent section cannot be definitely determined from the collec­
tions available for study. No species in the fauna is limited to the 
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Kansas City group. One of the varieties that is questionably identi· 
fied, Enteletes hemiplicatus var. plattsburgensis Newell, has a 
known range that extends from upper Kansas City to upper Lansing, 
but as the specimens obtained in this. study are questionably identi­
fied, the range of this variety does not limit the Brad to a Lansing 
age. Data from overlying formations rhust be relied upon for 
determining how young the Brad formation is. 

COLLECTIONS FROM THE CADDO CREEK FORMATION 

In the area investigated the Caddo Creek formation consists of the 
Hog Creek shaie member of Plummer and Moore at the base and 
the Home Creek limestone member of Plummer and Moore above. 

Home Creek limestone member of Plummer and Moore.-The 
Home Creek limestone member, and in fact the whole Caddo Creek 
formation, is but sparsely fossiliferous, especially ' in the Brazos 
River valley. The lists here given are by far the largest published 
from that area. Fossils are not so rare in the Colorado River valley, 
but even there a long time is required to obtain a ' substantial 
collection. 

Two collections, 7490 and 7546, were made in the Brazos River 
valley. Except for fusulinids, few fossils were obtained. Collection 
7490, from Herron Bend, contains abundant fusulinids, crinoid 
stems, and echinoid spines and rare unidentifiable fragments of 
horn corals, brachiopods, and pelecypods. The only identifiable 
species found was Squamularia per plexa (McChesney) which is rare. 

A larger collection, 7546, was obtained from the lower part of 
this member at Ming Bend, near the Ming Bend School, but a much 
longer time was spent in collecting. Here the rock is a medium gray 
limestone, dense to almost lithographic, with brown spots. The 
common species here are Compos ita subtilita (Hall) and Squamu­
laria per plexa (McChesney). Other fossils are rare. The following 
list shows the species collected. 

Fusulinids (r) 
Horn coral, unidentifiable 
Crinoid stems and plates (r) 
Fistuli pora sp. (r) 
Marginifera wabashensis (Norwood and Pratten) var. A (r) 
"Productus" (Dlctyoclostus) sp. undet., fragmentary dorsal valves (r) 
WeIlereIla? sp. undet., fragment (r) 
Dielasma bovidens (Morton), young individuals (r) 
Spirifer (Neospirifer) triplicatus Hall (r) 
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Squamularia perplexa (McChesney) (c) 
Punctospirifer kentuckyensis (Shumard) (r) 
Hustedia mormoni (Marcou) (r) 
Composita subtilita (Hall) (c) 
Acanthopecten? sp., fragment (r) 
Phanerotrema grayvillense (Norwood and Pratten) (r) 
Indeterminate gastropods 
"Griffithides" sp. undet., fragment of a pygidium (r) 

Five collections, some of them hastily made, were procured in 
the C~lorado River valley from beds thought to belong to the Home 
Creek of Plummer and Moore. During the field work these peds 
were tentatively called "Syringopora limestone." Of these five col­
lections, one was composed wholly of fusulinids. The other four 
collections are treated below. 

All the collections came from a locality east of Whon. Two, 
7509 and 7561, were obtained at the same locality, along a ranch 
road on the hill south of the · ford over Home Creek on the Gill 
ranch; one, 7578, along the road leading to the ranch house on the 
Gill ranch, southwest of the house; and one, 7581, along Mukewater 
Creek, above its junction with Home Creek. 

The first two collections, 7509 and 7561, came from beds which 
contain a considerab'le number of fossils, as shown in sections and 
by fragments on weathered surfaces, but which do not readily yield 
identifiable specimens. Compos ita subtilita (Hall) is the most 
abundant form. Small crinoid columnals, echinoid spines, and 
echinoid plates are common on weathered surfaces. Specimens of 
Syringopora sp. undet., Campophyllum d. C. torquium (Owen), 
and Punctospirifer kentuckyensis (Shumard) are occasionally seen. 

Both the other collections are larger. Collection 7581, from beds 
\ 

alo!1g Mukewater Creek, has the following species : 

Fusulinids (r) 
Campophyllum torquium (Owen) (r to c) 
Syringopora sp. undet. (c) 
Crinoid columnals (r to c) 
Fenestella? sp. undet. (r) 
"Productus" (Dictyoclostus) portlockianus, small variety, 

new? (r) 
"Productus" (Linoproductus) prattenianus Norwood and 

Pratt en (r to c) 
"Productus" (Linoproductus) sp. undet.; two fragments 
"Productus" (Linoproductus or Cancrinella) boonensis? 

Swallow, young? (r) 
Marginifera wabashensis (Norwood and Pratten) vaT. 

A (r) 
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Dielasma bovidens (Morton) (r to c) 
Spirifer (Neospirifer) triplicatus Hall (c), variety 

having low convexity 
Squamularia perplexa (McChesney) (c) 
Composita subtilita (Hall) (c) . 

Collection 7578 is the largest one made from the Home Creek of 
Plummer and Moore. It contains the following forms: 

Fusulinids (r) 
Campophyll)lm torquium (Owen) (r to c) 
Syringopora sp. undet. (r) 
Crinoid columnals (r to c) 
Echinoid spines and plates (1') 
Derbya cf. D. bennetti Hall and Clarke (1') 
Meekella striatocostata (Cox) (1') 
Meekella striatocostata n. var.? aff. M. conveXlcosta 

Dunbar and Condra (c) 
"Productus" (Pustula or Echinoconchus) sp. undet., one 

poorly preserved specimen 
Marginifera? lasallensis (Worthen) (r) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Spirifer (Neospirifer) sp. llndet., fragment, possibly S. 

texan lIS Meek (r) 
Crurithyris planoconvexa (Shumard) (r to c) 
Pllnctospirifer kentuckyensis (Shumard) (r) 
Hustedia mormoni (Marcou) (r to c) 
Composita subtilita (Hall) (c) 
Gastropod fragments (r) 

Correlation between the Brazos and Colorado River valleys.­
Neither the collections from the Home Creek limestone of the Brazos 
River valley nor those from the Home Creek limestone of Plummer 
and Moore of the Colorado River valley are sufficiently distinct 
from the faunas of other limestones below the Graham formation in 
these two valleys to establish certain correlation between these two 
limestones. More species are common to these two limestones than 
to the Home Creek of Plummer and Moore of the northern area and 
the Ranger limestone of Plummer and Moore (= Home Creek of 
Drake of type locality) of the southern area, but as the writer's 
collections from the last-named limestone are smaller than those 
from either of the others and as the species common to the Home 
Creek of Plummer and Moore of the northern area and the Home 
Creek of Plummer and Moore of the southern area are long-rangi~g 
forms, the relatively greater number of species common to them is 
not certainly significant. The collections from the Home Creek of 
Plummer and Moore of the northern area lack the Syringoporas, 
Derbyas, Meekellas, and some of the productids of the Home· Creek 
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of Plummer and' Moore of the southern area, whereas the Home 
Creek of Plummer and Moore of the southern area lacks only a few 
rare forms of the Home Creek of Plummer and Moore of the northern 
area. Neither the discrepancies between the collections from the 
two Home Creek limestones of Plummer and Moore nor the like­
nesses between them are sufficient to affect correlations made by 
other than faunal means. 

Of the faunas of the limestones in the Brazos River valley above 
the Home Creek of Plummer and Moore aQd below the ammonoid 
zone 20 to 40 feet above the Bunger limestone, the fauna of the" 
Bunger limestone has most in common with that of the Home Creek 
limestone of Plummer and Moore of the southern area. In fact, 
more species are common to the writer's collections from the Bunger 
(of the Brazos River area) and the Home Creek of Plummer and 
Moore of the Colorado River area than to the Home Creek lime­
ston"es of Plummer and Moore of the two areas. The author is more 
inclined to attribute the greater number of species common to 
these beds to the larger faunas of the Bunger and southern Home 
Creek of Plummer and Moore than to an age equivalence, and to 
accept the correlation made by non paleontologic data of the two 
Home Creek limestones of Plummer and Moore. This conclusion is 
supported by the facts that the additional species common to the 
Bunger and the southern Home Creek are all long-ranging forms 
and that largely the same differences that exist between the two 
Home Creek limestones of Plummer and Moore exist also between 
the Bunger and the Home Creek of Plummer and Moore of the 
southern area. 

COLLECTIONS FROM THE GRAHAM FORMATION · 

The Graham formation is the source of most of the fossils 

described in this report. Several zones in it are abundantly fos­

siliferous. These zones furnish the best collecting the writer has 
ever seen from a Carboniferous formation. Most of the abundantly 

fossiliferous zones are shale zones. Literally thousands of specimens 

were obtained from the various shale members. These specimens 
represent not only a profusion of individuals but also a profusion 

of species, including representatives of nearly every order and class 
of invertebrates represented anywhere in Carboniferous rocks. 
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In all, 100 collections were made from the Graham formation. 
Of these, 14 contained only fusulinids and possibly other micro­
fossils. These were referred to 1. G. Henbest, of the United States 
Geological Survey for study. Three collections contained only 
plants and were referred to C. B. Read, also of the United SLates 
Geological Survey. The remaining 83 collections, except the fusu­
linids contained in them, which were also tumed over to Mr. 
Henbest, form the basis for the part of this report that deals with 
the Graham formation. 

Most of these collections were obtained in the Brazos River val­
ley, partly because a longer time was spent there than in the Colo­
rado River valley but also partly because that area has a greater 
number of fossi liferous zones and a thicker section. 

BRAZOS RIVER VALLEY 

The subdivisions of the Graham formation in the Brazos River 
valley from which collections were obtained are given in strati­
graphic order below. The various units are designated by names 
employed by Mr. Lee in another part of the report. 

Base of Avis sandstone (basal member of Thrifty formation in Brazos River 
valley) . 

Graham formation: 
1 Gb.2 Limestone 9b of post-Bunger cycle No.9, 76 feet above basal 

limestone of Wayland shale member. 
2 Gb. Limestone 9a of post-Bunger cycle No. 9. 
3 Gb. Fossiliferous shale zone near base of Wayland shale member. 
4 Gb. Limestone 9 of post-Bunger cycle No.9. 

4a Gb. Gunsight limestone member not definitely recognized in standard 
section; may be equal to one or two of beds 3 Gb to 8 Gb. 

S Gb. Limestone of No. 7 po~t·Bunger cycle. 
6 Gb. Limestone of No.6 post-Bunger cycle. 
7 Gb. Limestone of No. S post·Bunger cycle. 
8 Gb. Limestone of No.3 post·Bunger cycle. 
9 Gb. Shale 60 to 80 feet above Bunger limestone member and below 

limestone of No. 3 post-Bunger cycle. 
10 Gb. Limestone bed, 3 incbes thick, 120 feet above Bunger limestone 

member (possibly in No.2 post-Bunger cycle). 
11 Gb. Shale (ammonoid zone 20 to 40 feet above Bunger limestone 

member) . 

2G=Graham format.ion; b=Braozos River valley. 
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12. Gb. Bunger limestone member. 
13 Gb. "Dirty yellow" limestone 20 to 25 feet below Bunger limestone 

member. 
14 Gb. Gonzales limestone member. 
15. Gb. Thin limestone 50 to 60 feet above Salem School limestone 

member. 
16 Gb. Marine shale above Salem School limestone member. 
17 Gb. Salem School limestone member (no collection except float). 
18 Gb. Shale immediately below Salem School limestone member. 
19 Gb. Shale above conglomerate in Kisinger channel. 

Top of Home Creek limestone of Plummer and Moore (top member of Caddo 
Creek formation.) 

Collections from shale above conglom.erate in Kisinger channel 
deposit (fossil zone 19 Gb} .-Only one collection , which was com­
posed wholly of plants and transferred to C. B. Read, was made 
from the shale above the conglomerate in the Kisinger channel 
deposit. 

Collections from shales below Salem School limestone member 
(fossil zone 18 Gb}.-Two collections, 7488 and 7586, both from 
Herron Bend of Brazos River, include float from Salem School 
limestone and extend down to beds within 1 foot of the top of 
the Home Creek limestone. A composite but partial list of both 
collections follows . 

Lophophyllum profundum (Edwards and Haime) (r to c) 
Crinoid stems and plates (c) 
Bryozoan, feneslelloid, fragment · (r) 
Chonetes granulifer Owen (r tQ c) 
Chonetes granulifer var. transversali s Dunbar and Condra (r) 
"Productus" (Dictyoclostus) portlockianus Norwood and Pratten, 

small var., probably new (r to c) I 

Marginifera lasallensis (Worthen) (r to c) 
Marginifera splendens (Norwood and Pratten), var.' A (r) 
Dielasma bovidens (Morton ) (r) 
Spirifer (Neospirifer) triplicatus Hall (r to c) 
Punctospirifer kentuckvensis (Shumard ) (r ) 
Composita subti lita (Hall) (a) 

Collections from marine shale above Salem School limestone 
member (fossil zone 16 Gb}.-The marine shale above the Salem 
School limestone member is one of the most fossiliferous zones in 

the Graham. Five collections were obtained from it. One of them 

contained only Foraminifera. Of the others, three-7441, 7452, 

and 7591-came from the Graham-Finis road near Connor Creek. 
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The other, 7367, came from Herron Bend, about half a mile south­
east of Salem School. A composite list of the three collections 
from the Graham-Finis road is given below : 

Fusulinids (r to c) 
Coeloclad ia? n. sp. ? alI. C. spinosa Gi rty (c) 
Sponge?, boring form 
Lophophyl lum profundum (Edwards and Haime) (a) 
Lophophyllum profu ndum radicosum Girty (c) 
Syringopora sp. undet. ( r ) 
Crinoid stems (c) 
Echinoid spines and plates (c) 
Fistulipora sp. (r) 
Fenestella sp. (r) 
P olypora sp. (r) 
Rhombopora lepidodendroides Meek ( r to c) 
Bryozoa, unidentified, several forms 
Rhipidomella carbonaria (Swallow) (r to c) 
Derbya sp. undet., fragments (r) 
Chonetes granulifer Owen (c) 
Chonetes granulifer va r. transversa lis Dunbar and Condra (r) 
Chonetes (Lissochonetes) geinitzian us n. var . alI. C. senilis 

(Dunbar and Condra ) (ve) 
" Produ ctu s" (Juresania) symmetricllS McChesney (r) 
" Prod uctus" (Juresania ) sp. undet. (r ) 
" Productus" (Echinoconchus) semipunctatus? Shepard (r) 
"Prod uctus" (Dictyoclostus) sp. undet. (r ) 
"Productus" (Linoproductus) n. sp. A (r ) 
Spir ifer (Neospir ifer ) triplicatus Hall (c) 
Spirifer (Neospirifer ) texanus Meek ( r to c) 
Cruri thyris planoconvexa (Shumard ) (r to c) 
Hustedia mormon i (Marco u) (r) 
Composita subtil ita (Hall) (r) 
N uClda anodontoides Meek (vc\ 
Anthraconei lo taffiana Girty (r) 
"Nucul opsis" ventr icosa ( Hall ) (r to c) 
Yoldia glabra Beede and Rogers (c) 
Myalina sp. undet., fragments (r) 
Deltopecten sp. undet., fragment (r) 
Astartella concentrica (Conrad) (r to c) 
Other pelecypods, represented by poor specimens 
Denta lium n. sp. aff. D. semicosta tum Girty (r ) 
Dental ium subleve Hall (r to c) 
Plag ioglypta cf. P. annu]istria ta (Meek and Worthen) (r ) 
Plag ioglypta sp. undet., fragments of a large form (r to c) 
Bellerophon stevens ianus? McChesney, small form (c) 
BeJlerophon sp. undet., i nternal mold, large form ( r) 
Patellostium montfortianum? (Norwood and Pratten ) (r to c) 
Euphemites carbonarius (Cox) (a ) 
Pharkidonotus tri carinatus (Sh umard ) (r to c) 
Y unnania? sp., probably new (I' to c) 
Worth enia tabula ta (Conrad ) ( r to c) 
Pha nerotrema · grayvillense (Norwood and Pratten ) (r to c) 
Phanerotrema tenuistri a tum (Shumard) (c) 
"Ore tes" brazoensis (Shumard ) ( r to c) 
"M urchisonia" sp. undet. (r to c) 
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Goniasma lasallensis? (Worthen), poor specimens (r) 
Orthonema schucherti Knight (r) 
Trepospira depressa? (Cox), immature individuals only (r to c) 
Straparollus (Euomphalus) plummeri Knight (r) 
Straparollus (Euomphalus or Schizostoma) subrugosus Meek and 

Worthen (c) 
Naticopsis sp. undet., fragmentary (r) 
P seudozygoplew;a?, two or three species 
Meekospira sp. undet. (r) 
Soleniscus (Macrochilina) d. S. paludinaeformis (Hall) or S. 

brevis (White) (c) 
Trachydomia sp. undet., fragmentary specimen (r) 
P seudorthoceras knoxense (McChesney) (vc) 
Pseudorthoceras seminolense Girty (c) 
" Orthoceras" (Dolorthoceras) ciscoense (Miller, Dunbar and 

Condra) (r) 
"Orthoceras" (Euloxoceras) gJ'eenei (Miller, Dunbar and 

Condra) (r to c) 
Domatoceras sculptile? (Girty) (r) 
Gastrioceras sp. undet., fragment 
Cephalopods, other species, including a large one, represented 

by fragments. 

Collection 7367 is smaller and has Straparollus (Euomphalus 
or Schizostoma) subrugosus Meek and Worthen, Y oldia glabra 
Beede and Rogers, and small individuals of Astartella concentrica 
(Conrad) as the most abundant forms . It also contains ° Rhipido­
mella carbonaria (Swallow). Other species, with the possible ex­
ception of two unidentifiable pelecypods, are the same as those in 
the other collections from this zone. 

Through a comparison of collections, which is given on pages 
169- 171, this zone may be distinguished from the other shale 
zones in the Graham by the occurrence together and in the pro­
portions indicated of Coelocladia n. sp.? aff. C. spinosa Girty o(c), 
Rhipidomella carbonaria (Swallow) (r to c), Chonetes (Lissa­
chonetes) geinitzianus n. var. aff. C. senilis (Dunbar and Condra) 
(vc), Bellerophon stevensianus? McChesney (c), Euphemites ' car­
bonarius (Cox) (a), and other gastropods (vc). The first two 
species do not occur in the writer's collections in shales above this 
zone, but the Rhipidomella has been listed by Plummer and Moore 
from a higher shale zone. The last three species are known from 
higher zones, but their relative abundance here seems significant. 
The absence of any considerable number- of coiled cephalopods 'also 
seems significant and supplies an additional criterion that may he 
tentatively used to distinguish this shale zone from the shale zone 
that lies above the Bunger limestone member. 
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Collections from a thin limestone about 50 to 60 feet above the 
Salem School limestone member (fossil zone 15 Gb).-Two collec­
tions were obtained along the Graham-Finis road, about 9 miles 
southeast of Graham, from a very thin yellow shaly limestone 
above fossil zone 16 Gb. One collection contained only fusulinids. 
The other collection, 7513, contained the following species : 

Fusulinids (c) 
Crinoid stems and plates (c) 
" Productus" (Dictyoclostus) american us (Dunbar and Condra) (c) 
Spirifer (Neospirifer ) triplicatus Hall (c) 
Pharkidonotus tricarinatus (Shumard) (r to c) 
Y unnania? sp. undet., fragment (r) 
Straparollus (Euomphalus) plummeri Knight (r) 
Pseudorthoceras seminolense Girty (r) 
Fragment of a large coiled nautiloid (r) 

Collections from Gonzales limestone member (fossil zone 14 
Gb) .-Five collections were made from the Gonzales limestone 
member. Three of them contained only fusulinids. The remain­
ing collections are listed below. Both of them were obtained about 
9 or 10 miles southeast of Graham. Collection 7512 came from 
the hill north of Connor Creek School on the Graham-Finis road. 

It contained the following forms: 

Crinoid stems and plates (r to c) 
Meekella? sp. undet., fragments (r ) 
Marginifera wabashensis (Norwood and Pratten) var. B (r) 
Squamularia perplexa (McChesney) (c) 
Bellerophon? sp. undet., internal mold (r) 

Collection 7514 came from the first hill east of the place where 
Connor Creek crosses the Graham-Graford road, south of the road. 

Fusulinids (r to c) 
Campophyllum? sp. undet., fragments (r) 
Crinoid stems (r ) 
Echinoid spines (r) 
Rhipidomella? cf. R. carbonaria (Swallow), immature forms (r to c) 
Squamularia perplexa (McChesney) (r to c) 
Crurithyris planoconvexa (Shumard) (r to c) 
Phanerotrema? sp_ undet., fragments (r ) 

Collection from dirty-yellow limestone 20 to 25 feet below the 
.Bunger limestone member (fossil zone 13 Gb).- Three collections 
were made from limestone of the zone 20 to 25 feet below the 
Bunger limestone member. Two, 7515 and 7516, came from limy 
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zones about 5 feet apart near a house in a saddle about 4 miles east 
of Graham on the Graham-Graford road. The other, 7519, came 
from a locality about three-quarters of a mile southeast of Bunger, 
from a zone 22 feet below the Bunger limestone. 

Collection 7515 was obtained from a 6- to 8-inch limestone or 
limy zone in a shale. This zone is almost a coquina of Compositas, 
but branching Bryozoa and "Productus" (]uresania) nebrascensis 
are also very common. This zone is recognizable locally by its 
abundance of these fossils. Collection 7516 came from a bed about 
5 feet above 7515. A composite but partial list from both collec­
tions follows : 

Crinoid sterns and plates (c) 
Tabulipora? sp. undet. (c) 
Fenestella sp. undet. (r to c) 
Polypora sp. undet. (r to c) 
Oth er .Bryozoa (c) 
Orbiculoidea, two species (r to c) 
Derbya d. D. crassa (Meek and Hayden), immature individuals (c) 
"Productus" (Juresania ) nebrascensis Owen (vc) 
"Productus" (Linoproductus) prattenianus Norwood and Pratten (r to c) 
Spirifer (Neospirifer) triplicatus Hall (r to c) 
Composita subtilita (Hall) (a) 
Myalina l>ubquadrata. Shumard (fragments common) 
Deltopecten texanus Girty (r) 
Othe.r pelecypods, represented by unidentified specimens, one species 
Bellerophon stevensianus? McChesney (r), one broken specimen 
Patello&tium montfortianum (Norwood and Pratten) (r) 
Bucanopsis sp. undet. (r ) 

The beds from which collection 7519 was obtained have a very 
strong lithologic resemblance to those that yielded the collections 
listed above. They consist of yellow-brown argillaceous sandy lime­
stone, which occurs in thin beds in a shale interval and shows many 
maroon splotches. The collection is very similar to the other two, 
except that it lacks Composita subtilita (Hall), the most abundant 
species in the other collections. The horizon of 7519 is thought to 
be a little higher than that of 7515. The following species were 

collected: 

Crinoid stems and plates (r) 
Tabulipora? sp. undet. (r to c) 
Other Bryozoa. (c) 
Derbya cf. D. crassa (Meek and Hayden), immature individuals? (c) 
"Productus" (Juresania) nebrascensis Owen (vc to a) 
"Productus" (Linoproductus) prattenianus Norwood and Pratten (r) 
Spirifer (Neospirifer ) triplicatus Hall (r to c) 
Myalina sp. undet., fragments (r) 
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DeltopecLen texanus Girty (r) 
Allerisma? sp. tmdet. (r), incomplete specimen 
Astartella? sp. undet. (r), incomplete specimen 

Collections from Bunger limestone member (fossil zone 12 Gb).­
Fossils are rare in the Bunger limestone at most localities. Plummer 
and Moore give long lists of fossils under the heading "Bunger 
limestone," but these lists include fossils from the underlying and 
possibly also the overlying shales. 

Six collections were obtained by the writer from the Bunger lime­
stone. One of these, from South Bend, contained only fusulinids. 
Two of the others, 7517 and 7518, came from a locality about three­
quarters of a mile southeast of Bunger; two, 7522 and 7523, from 
a locality near the bridge over Brazos River, 1.8 miles north of 
South Bend ; and one, 7524, from beds along Clear Fork of Brazos 
River at South Bend. Only at the last-named locality are fossils at 
all common. 

Collection 7517 was obtained from a fine-grained hard bluish­
gray limestone with stringers of brown iron oxide. This limestone 
weathers olive-brown to dark brown. Fossils are rare and can be 
seen mainly as sections or as fragments on weathered surfaces. The 
following collection represents about two hours' work: 

Fusulinids (c) 
Crinoid columnals (r) 
Echinoid plates and spines (r) 
Punctospirifer kentuckyensis (Shumard) (r) 
Composita subtilita (Hall) (r to c) 

Collection 7518 contains the same species in about the same 
numerical ratio as 7517; also one specimen of Syringa para sp. 

At the locality of collections 7522 and 7523, the Bunger is a fine­
grained hard bluish-gray limestone with small dots and stringers 
of limonite and with stringers of crystalline calcite. Some coarser 
crystalline pinkish-gray beds occur in the upper part. The lower 
3 feet weathers to slabby yellow-brown beds one-half to 1 inch 
thick. Most of the fossils (collection 7523) came from this lower 
zone. Fossils, except for sections and for single crinoid columnals, 
are rare in the solid limestone bed (collection 7522)_ 

Collection 7522: 
"Productus" (Linoproductus or Cancrinella) sp. undet. (r) 
Marginifera wabashensis (Norwood and Pratten) var. A (r) 
Spirifer (Neospirifer) triplicatus Hall (r ) 
Composita subtilita (Hall) (r to c) 
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Collection 7523: 
Syringopora sp. undet. (r) 
Echinoid spines (r to c) 
Rhombopora? lepidodendroides Meek (r) 
"Productus" (J uresania) nebrascensis Owen (r) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Composita subtilita (Hall) (a) 

Fossils are common in the Bunger along Clear Fork of Brazos 
River at South Bend. The Bunger here has the same lithology as at 
the locality of collections 7522 and 7523, except that it has been 
partly dissolved and so softened by the water that it is not very 
compact. Some of the beds are crowded with fusulinids. Compositas 
are especially abundant and easily obtainable throughout the ex­
posure. The following list represents collection 7524: 

Fusulinids (c) 
Syringopora sp. undet. (r to c) 
Crinoid sterns and plates (r to c) 
Echinoid spines (r) 
Polypora sp. undet. (r) 
Rbombopora lepidodendroides Meek (r) 
Marginifera wabashensis (Norwood and Pratten) var. A (c) 
Marginifera?lasallensis (Worthen) (r) 
"Productus" (Juresania) nebrascensis Owen (r to c) 
I'Productus" (Echinoconchus) semipunctatus Shepard (r) 
"Productus" (Linoproductus) prattenianus? Norwood and 

Pratten (r), young 
"Productus" (Cancrinella?) &p. undet. cf. P. boonensis 

Swallow (r to c) 
Camarophoria? n. sp. (r) 
Spirifer (Neospirifer) triplicatus Hall (c) 
Squamularia perplexa (McChesney) (r to c) 
Cruritbyris planoconvexa (Shumard) (r) 
Composita subtilita (Hall) (a) 
Deltopecten? sp. undet., young individuals (r) 
Bellerophon stevensianus? McChesney, one incomplete 

specimen 

Collections from ammonoid zone 20 to 40 feet above Bunger lime­
stone member (fossil zone 11 Gb}.-The ammonoid zone above the 
Bunger limestone member, like the zone above the Salem School 
limestone, is very fossiliferous. It is especially characterized by 
the number and variety of its coiled cephalopods. As here con­
sidered, this zone lies from 20 to 40 feet above the Bunger lime­

stone but in places it extends down to within 2 feet of the Bunger. 
Most of the collections were obtained about 25 feet above the Bunger. 
Ten collections were made from this zone--five (7440, 7440A, 7445, 

7446, and 7587) from localities in or very near the town of South 
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Bend, four (7368, 7588, 7589, and 7597) from Bass Mountain, and 
one (7444) from the vicinity of Thedford Tank. 

A list of the species in the various collections from this zone IS 

given in the table below. 

Distribution of species from ammonoid zone 20 to 40 feet above Bunger Lime­
stone member of Graham formation, Brazos River valley 

(fossil zone 11 Gb) 

I ~ I ~ I ~ I! I~ I ~ I ~ '" ~ I ~ '" '" ~ ~ "' "' ~ .... 
~-

Lophophyl1 um profundum (Edwards and Haime ) I x I x x x P.- x I x x x 
I x 

------:- -Lop"'IOph yl1um profundum T8dicosum Girty I x x -1--'- 1- -
Crino id colum nals I I x I I 
CaDularia sp. uodel. I I I x I - -
Tri gonoglo8s8 nebrasccnsis (Meek) I I x __ ! __ I- -
Orbicul oidca missouriensis (S hu mard) I I I I - ,2-
Orbicu loidea sp. undet. I x I I 

I--
Lindst rocmella patula (Girty) I I I x r--
Chonetes granul ifer Owe n I x I 

~ Chonetes. {Lissochonetes} ge init zia.nu8 n. var. aff. I I C. senilis (Dunbar and Condra) x x 
Chonetes sp. undel. I x I 

---I-
I-

"Produc tu s" (juresa nia) nebrasce nsis Owen I I x · I~_!_-
" Productus" (Juresa nia) symmetricus McChesney I I x I I-I--"Produc tus" (Dic tyoc loSluS) sp. undet. I I x -~- 1-
"Productu s" (Cancrinella) n. 8p . aH. P. boonensis I I 

I xx l xxh-
Swallow x 2... 

Marginifcra lasalJensis (Worthen) I x I x I- x 
Marginifera splendens? (Norwood and Pratten) var. A I 

~. 
-

I x r---
Marginifcra wabashensis (Norwood and Pratten) var . A x I I I x 
Wellerella sp . A, probably new I I I I 1= x 
Spirifer (Ncospi rifer) texanus Meek x t=i I x I Spirifer (Neospirifer) tripJicatus Hall I 1--1- I x 

r--I--Spirifcr sp. und et. I x I I _~I--I_ I- I--SqllaOlulaTia perplexa (McChesney) I 1_~!_,2-!-
Crurithrris pla noconvexa (Shumard) I x x I x I I --'-I- x 
Punctospirifer kentuckyensis (Shumard) I x I I I I - - -
Hustedia mormoni (Marcou) I I x I x I x x I x - 1- -Composita subti lita ( Hall) I I x I x I x - 1-;-

-
Chaenomya? sp . und et. I I I x r--"Nucllla" anodontoid es Meek x I I I 
Anthracone il o taffiana Girty I x I x I x 

+ M- I-I--
--'-r--Leda belJistr ia ta S tevens I x I x I x x 

Voldia glabra Beede and ROJ!ers I x I x -=--- !-=--w- x 1-Aviculipinna sp. undel. I I x x ~~ x I I--
Conoca rdium sp. J x I I - 1- - r--
Astartella eoocen trics (Conrad) x I x .~ r--!- x 
Euphemites carbonaTius (Cox) I x x I x I I I x 
Pharkidonotus tricari natus (Shumard) I -=--!. __ I - x I x x 

I-r Worthenin tabulata ( Conrad) I x x x I I x x I x 2...r----P l1a ne rotrema grayvillense (Norwood and Pratten) I x I x x I x I x x I x . ~ x 
Phanerotrema tenuistriatum (Shumard) I I I I I x -1-
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Distribillio ll 0/ species from a.mmonoid zone 20 to 40 feet above Bunger lime­
stone member of Graham formation, Brazos River valley 

(fossil zone 11 Gb)-Conlinued 

I ~ I ~ . I! I ~ I ~ I ~ I~I ~ I ;; :;; 
;! ~ 

" Orestes" brazoensis ( Shumard) .~ x 
I x 

I 
I x 

I 1- -
Trepospi ra dcpressa (Co x) x I x x I x I x x 1_ -
TrCI)Ospira sp. undet. I I I I I- x 
Pscudozygop lc uTa sp. unde t. I I \_ l L ~ I-
Meekospira sp. unde t. I x I 
So lensiscus (Mncrochilina) printigcn ius ( Conrad) I x I x -, , P f-

~ 1-
P la tyceras? sp. und e t. I I x 

l-f-
Gastropoda, miscellan eous - I I f-!_ I - x 
Pseudort hoce ras kn oxense (McChesney) I x 1 I I x x 
Pseudort hocerns semmolcDse Girty I x I x f-I~r-t 
" Orlhoceras" ( Mooreoceras) aff. O. tuba Girly I I x ~ I I-I- -
"Orthoce ras" (Dolorthoceras) ciscoense (Miller, I+. I Dunbar and Condra ) x 

1-
"Orliloce ras " (Euloxoc eras) greenei (Miller, Dunbar I x x I x 

-
and Condra) x I- x 

"Orthocerns" afL O. c ribriliratum Girty I x I x 
~i-

- I-
f-

·· Orthoceras" sp. I I f-.-I. ~ ""-Brnc hycycloccras normale Miller, Dunbar and Condra I I -i~ I 
Coloceras liratulU Girty I x I I - i- - ~ f-Metacoceras cornu tum Girty I I I I- 2-
Me tacoceras co rnutum caI'inn tum Girty I x I f-!-
Melacoceras cornu tum sinuosum Girty I x I I - -

-Ooma loceras sculptile (Girly) I I x ~ ~+-- -Ooma loceras sp. unde l. I x I 
"Cyrlocera," sp . undet. I I -x 
Gaslrioceras sp. unde t. I I -- -x - -
Schistoceras sp. undel. I x I I 
Dimorpbocerus texa num Smith I x I I r-7= Gonioloboc eras welled Smith I I I I 

Nearly all the species listed from fossi l zone 16 Gb (marine 
shale above Salem School limestone member, Graham formation) 

are present in the writer's collections from fossi l zone 11 Gb 
(ammonoid zone 20 to 40 feet above Bunger limestone member, 
Graham formation) and most of the common species occur in 
about the same relative abundance in both zones. Of the follow­
ing species, however, which occur in the proportions indicated in 
this ammonoid zone the forms marked * are rare in the zone 16 
Gb, and the others are not present in the collections here treated from 
that zone. 

Trigonoglossa nebrascensis Meek (r) 
"Produclus" (Cancrinella) n. sp. afI. P . boonensis Swallow (r ) 
Marginifera wabashensis (Norwood and Pratten) var. A (r) 
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Wellerella sp. A, probably new (r) 
Aviculipinna sp., probably new (r to c) 
*Trepospira depressa (Cox) (a) 
"Orthoceras" (Mooreoceras) alI. O. tuba Girty (r) 
"Orthoceras" aff. O. cribriliratum Girty, large variety (r) 
"Orthoceras" aff. b. cribriliratum Girty, small variety (r) 
Brachycycloceras normale Miller, Dunbar and Condra (r to c) 
Coloceras liratum Girty (r) 
Metacoceras cornutum Girty (r) 
Metacoceras cornutum var. carinatum Girty (r) 
*Domatoceras sculptile (Girty) (r) 
"Cyrtoceras" sp. undet. (r) 
Schistoceras cf. S. hyatti? Smith (r) 
Dimorphoceras texanum Smith (r to c) 
Gonioloboceras welleri Smith (c) 

On the other hand, some species that are present in zone 16 Gb 
(shale above Salem School limestone) are either absent or rare in 
the ammonoid zone 20 to 40 feet above the Bunger limestone mem­
ber. Some of these are given below. Those rare in this zone are 
marked *. Others were not collected from it. 

Coelocladia aff. C. spinosa Girty (c) 
Rhipidomella carbonaria (Swallow) (r to c) 
·Chonetes (Lissochonetes) geinitzianus n. var. aff. C. seniUs 

(Dunbar and Condra) (vc) 
Productus (Echinoconchus) semipunctatus? Shepard (r) 
Dentalium n. sp. alI. D. semi costa tum Girty (r) 
Dentalium subleve Hall (r to c) 
Plagioglypta cf. P. annuUstriata (Meek and Worthen) (r) 
Bellerophon stevensianus McChesney (c) 
*Euphemites carbonarius (Cox) (a) 
Yunnania? sp. undet. (r to c) 
"Murchisonia" sp. undet. (r to c) 
Goniasma lasallensis (Worthen) (r) 
Orthonema schucherti Knight (r) 
Straparollus (Euomphalus) plummeri Knight (r) 
Straparollus (Euomphalus or Schizostoma) subrugosus Meek and 

Worthen (c) 
Trachydomia sp. undet. (r) 

Some of the species that are shown in the above lists from only 
one of the two zones will in all probabilIty be found in the other 
as well, and their apparently restricted occurrence may therefore 
be due to the limitations of collecting rather than to the limita­
tions of stratigraphic range. In fact, some of them' are so listed 
by Plummer · and Moore,a but because of changes in specific and 
generic references made necessary by revisions and other work, and 

8Plummer, F. B.o and Moore. R. C., Strat igraphy of the Pennsylvanian formations of north­

central Texas: Univ. Te ... BuH. 2132, 1922. 
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because this writer has not examined their collections, it is not 
possible to give a complete list of them. If the writer's collections 
are at all representative, the above lists do effectively. show, how­

ever, that there is a distinct difference between the faunal assem­

blages of the zone immediately above the Salem School limestone 

(fossil zone 16 Gb) and this ammonoid zone, 20 to 40 feet above 

the Bunger limestone (fossil zone 11 Gb) . 

Collection from a 3-inch limestone bed, about 120 feet above 
Bunger limestone member (possibly in No _ 2 post-Bunger cycle) 

{fossil zone 10 Gb}.-Only one collection, 7447, was obtained 

from a 2- to 3-inch limestone bed of uncertain relations lying 

above a thick clay shale deposit that occurs between the horizon 
of the No_ 6 post-Bunger cycle limestone (which is not present 

here) and the Bunger limestone and is said by Lee to be 120 feet 

above the Bunger limestone. The locality is on the point of a 

ridge west of the mouth of Kickapoo Creek. The list of species 

follows: 

Fusulinids 
Lophophyllum profundulTI (Edwards and Haime) (r to c) 
Lophophyllum profundum radicosum Girty (r to c) 
Campophyllum ? sp. undet., fragments 
Crinoid stems (r to c) 
Echinoid plates (r) 
Fenestella? sp. undet. (r) 
Other Bryozoa (r) 
Orbiculoidea n. sp.? D (r) 
Chonetes gran ulifer Owen (r to c) 
Chonetes gran ulifer transversalis Dllnbar and Condra (r) 
"Productus" (Dictyoclostus) sp. undet. (r) 
Marginifera? Iasallensis (Worthen) (c) 
Marginifera wabashensis (Norwood and Pratten ) 
Spirifer (Neospirifer) triplicatus Hall (c) 
Squamu.laria perplexa (McChesney) (r) 
Hustedia mormoni (Marcou) (r to c) 
Composita subtilita (Hall) (r ) 
Yoldia gIabra Beede and Rogers (r) 
Myalina sp. undet., probably new (r) 
Pinna sp. undet., large form (r) 
Astartella concentrica (Conrad) (r) 
Yunnania? sp. undet., one crushed specimen 
W orthenia ? sp. undet., one crushed specimen 
Phanerotrema tenuistriattun (Shumard) 
Pseudozygopleura, one species (r) 
P seudorthoceras knoxense (McChesney) (r to c) 
Gastrioceras sp. undet. (r) 
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Collection from shale 60 to 80 feet above Bunger limestone mem­
ber and below limestone of No . 3 post-Bunger cycle (fossil zone 
9 Gb} .-The only collection from zone 9 Gb, 7590, was made by 
Wallace Lee, on Bass Mountain. The following species were 
collected: 

Campophyllum? sp. undet., fragment (r) 
Lophophyllum profundum (Edwards and Haime) (r to c) 
Lophophyllum profundum radicosum Girty (c) 
Crinoid stems and plates 
Echinoid plates 
Fenestella? sp. undet., one fragment 
Chonetes granulifer Owen (r) 
"Productus" (Juresania) nebrascensis Owen, young (r) 
"Productus" (Dictyoclostus) americanus (Dunbar and Condra) 

crushed specimens (c) 
"Productus" (Dictyoclostus) portlockianus Norwood and Pratten, 

small var., probably new (r) 
"Productus" (Linoproductus) prattenianus Norwood and Prat-

ten (r) 
Marginifera lasallensis (Worthen) (r to c) 
Marginifera wabashensis (Norwood and Pratten) var. A (r) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Spirifer sp. undet., fragment (1') 
Punctospirifer kentuckyensis (Shumard) (r) 
Hustedia mormoni (Marcou) (c) 
Yoldia glabra Beede and Rogers (r) 
Astartella concentrica (Conrad) (r) 
Euphemites carbonarius (Cox) (r to c) 
Phanerotrema grayvillense (Norwood and Pratten) (r to c) 
"Orestes" brazoensis (Shumard) (r) 
Pseudorthoceras knoxense (McChesney) (r) 

Collections from limestone of No. 3 post-Bunger cycle (fossil 
zone 8 Gb}.- Two collections, 7453 and 7497, were obtained from 
the limestone of No.3 post-Bunger cycle. The first came from an 
escarpment along the line between Young and Stephens counties, 
half a mile east of the Graham-Eastland highway. The second was 
obtained at the place where the county-line road crosses Peveler 

Creek, about 3 miles west of the Graham-Eastland highway. At the 

latter locality corals were so abundant that they could be shoveled 

up. This is the lowest of three Campophyllum-bearing beds mapped 

by Lee. 

Collection 7497 contains only the following two species, both 

corals. The Campophyllum is very abundant. 

Campophyllum torquium (Owen) 
Syringopora sp. undet. 
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Collection 7453 is more extensive. It contains the following: 

Fusnlinids 
Lophophyllum profundllm (Edwards and Haime ) (r) 
Campophyllum torquium (Owen ) (vc) 
Crinoid stems (c) 
Fistulipora sp. undel. (vc) 
P olypora sp. undet. (r ) 
Rhombopora lepidodendroides Meek (r to c) 
Derbya sp. undet., very young (r ) 
Chonetes granulifer Owen (a) 
Chonetes granulifer Owen, large variety (vc) 
Chonetes (Lissochonetes) geinitzianus plattsmollthensis ? (Dunbar 

and Condra ) (r to c) 
"Productus" (Jur~ania) nebrascensis Owen (r ) 
"Productll s" (Dictyoclostus) americanus (Dunbar and Condra) 

(r to c) 
" Productus" (Dictyoclostus) sp. undet., fragments (r to c) 
"Productus" (Linoproductus ) d . P. prattenianlls Norwood and 

Pratten, fragments (a) 
Marginifera? lasallensis (Worthen ) (a ) 
Marginifera splendens (Norwood and Pratlen ) var. A (c ) 
Weller ella osagensis (Swallow ) (c) 
Spirifer (Neospirifer ) triplica tus Hall (r to c) 
Squamularia perplexa (McChesney) (r to c) 
Crurithyris planoconvexa (Shumard ) (c) 
Punctospirifer kentuckyensis (Shumard ) (c) 
Hustedia mormoni (Marcou ) (r to c ) 
Composita subtilita (Hall ) (c) 
Astartella concentrica (Conrad) (r ) 
Bellerophon d. B. stevensianus McChesney (r ) 
Eliphemites carbonarills (Cox) (r ) 
Phanerotrema grayvillense (NOl wood and Pratten ) (r ) 
"Orestes" brazoensis (Shumard ) (r ) 
Trepospira ? sp: undet., fragments of young ? (r ) 
"Orthoceras" (Euloxoceras) greenei (Miller, Dunbar and 

Condra ) (r ) 

Collections from limestone of No. 5 post.Bunger cycle {fossil 
zone 7 Gb}.- Two collections were obtained from limestone of the 
No. 5 post·Bunger cycle. One, 74.91, came from Sydney Mountain, 
and the other, 7492, from a bulle east of Kickapoo Creek, about a 
mile above its mouth. Collection 7491 is small. It contains the 
following species : 

Crinoid stems (r to c) 
Echinoid plates (r to c) 
Derbya crassa (Meek and Hayden ) (r ) 
Marginifera ? lasallensis (Worthen ) (r to c) 
Spi rifer (Neospirifer ) triplicatus Hall (r ) 
Myalina subquadra ta Shumard (r to c) 
Astartella sp. undel., one fragment 
Pharkidonotus ? sp. un del., crushed specimen (r) 
" Orthoceras" sp. undet. (r ) 
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Collection 7492 is larger. It contains the following species : 

Fusulinids (r to c) 
Campophyllum ? sp. undet., one fragment 
Crinoid stems (c) 
Echinoid plate (r) 
Chonetes granulifer Owen (r ) 
" Productus" (Dictyoc!ostus) portlockianus Norwood and Pratten, 

small var., new? (c) 
"Productus" (Linoproductus) prattenianus? Norwood and 

Pratten (c) 
Marginifera? lasallensis (Worthen) (a) 
Spirifer (Neospirifer) triplicatus Hall, large form (r to c) 
Aviculipinna sp. undet., fragments (r to c) 
Myalina sp. undet., fragments (r) 
Acanthopecten sp. undet., fragment (r ) 
Astartella concentrica (Conrad) (r ) 
P atellostium n. sp., large form (r) 

Collections from limestone of No. 6 pest·Bunger cycle (fossil 
zone 6 Gb).- Three collections were made from a limestone said 
to belong to the o. 6 post·Bunger cycle. Collection 7493 came 
from a butte along the west side of Kickapoo Creek about a mile 
above its mouth ; collection 7494 from the west side of the same 
butte; collection 7495 from a hill about half a mile north of the 
Stovall hot· water well" near South Bend. 

Collections 7493 and 7494 are composed entirely of individuals. 
of Campophyllum torquium (Owen), which are very abundant at 
each of these localities. 

Collection 7495 has, in addition to CampoPhyllum torquinm, 
which is abundant, Syringopora sp. undet. (c), crinoid stems (r 
to c) , and Spirifer (Neospirifer) te:tanus Meek (r). 

Collections from limestone of No. 7 post.Bunger cycle (fossil 
zone 5 Gb) .-Five collections were obtained from the limestone 
of the No. 7 post.Bunger cycle. Two of the collections contained 
only fusulinids. Of the other three, 7496 came from a ridge on 
the south side of Salt Fork of Brazos River, a short distance above 
its junction with Clear Fork; 7499 from the top of South Bend 
Mountain; and 7525 from a pasture north of the road on the first 
rise east of Graham Lake. 

Collection 7525 is a small collection. It was obtained from a 
hard fine· to medium.crystalline limestone that where fresh is 
whitish gray to lead.gray with a brownish tinge and with brown· 
ish·yellow spots and stringers. It is brown where weathered. This 
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limestone occurs in beds that average about 18 inches in thickness 
but weathers into blocks 5 or 6 feet long by 2 to 4 feet . wide. 
Solution cavities and networks are common. This limestone, when 
judged by fossil fragments and sections seen on the surface, ·is 
moderately fossiliferous. Gastropod sections are 'especially COIn, 

mon, but identifiable fossils are almost impossible to obtain. The 
following were collected: 

Fusulinids (r) 
Campophyllum? sp. undet., fragments (r) 
Crinoid stems (r to c) 
Composita cf. C. suhtilita (Hall), incomplete (r to ' c) 
Bellerophon? sp. undet., internal molds (c) 
"Murchisonia"? sp. undet., fragments of molds (r) 

Collection 7496 came from beds near the locality of collection 
7525. The beds are, however, slightly more fossiliferous here. A 
list of species collected is as follows: 

Fusulinids 
Horn coral, indeterminate, much weathered (r) 
Crinoid columnals (r) 
Marginifera? lasallensis (Worthen) (r to c) 
Spirifer (Neospirifer) triplicatus Hall, large var. (r to c) 
Composita suhtilita (Hall) (c) 

Collection 7499 is the largest collection from the limestone ' of 
the No.7 cycle ,but it contains few identifiable species. The follow­
ing is a list of forms obtained: 

Fusulinids (vc) 
Crinoid stems (r) 
"Productus" (Linoproductus) sp. undet., fragments of a small 

form (r) 
"Productus" (Cancrinella?) sp. undet., fragments (r) 
Marginifera? lasallensis (Worthen) (r to c) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Composita suhtilita (Hall) (r to c) 
Pelecypod, undeterminate 
Bellerophon? sp. undet., internal molds of large form (c) 
"Orthoceras" sp. undet., section in rock (r) 
Phillipsia? sp. andet., part of a pygidium (r) 

Collections from the Gunsight limestone member (fossil zone 
4a Gb}.-According to Plummer and Moore, the Gunsight lime­
stone member consists, at the type locality, which is about 40 miles 
southwest of Graham, and at most places in the Brazos River val­
ley, of two limestones separated by about 20 feet of shale or of 
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shale and sandstone. These limestones, it appears, have been cor­
.related by different geologists with different beds in the region 
of Graham, and it is difficult to tell which limestones studied there 
are the Gunsight limestones. Many geologists have assumed that 
·the presence of an abundance of Campophrllum torquium (Owen) 
in a limestone between the shale immediately overlying the Bunger 
limestone and the Wayland shale was sufficient to warrant its 
identification as Gunsight. Lee's investigations, however, have 
shown that this coral is abundant in more than one bed. Because 
the stratigraphic positions of the various Campophyllum-bearing 
beds in the Graham are not very widely separated, the assumption 
mentioned has not made great discrepancies in maps of larger 
structural features. It has, however, caused errors that may be of 
great importance in mapping local structure and in determining 
the details of geologic history. 

Six collections were made from the Gunsight limestone member 

at or near the type locality in order to see if faunal peculiarities 

could be discovered that would provide a means for identification 

of the Gunsight limestones in the area near Graham. One of these 

collections from the lower limestone of the member contained only 

fusulinids. Of the other five, three (7500, 7551, and 7553) came 

from the upper limestone of the Gunsight member. and two (7502 

and 7552) from the lower limestone. 

Two of the collections (7500 and 7551) from the upper lif!1e­

stone came from a place about 150 yards south of the post office 

at Gunsight; the other came from the north edge of Gunsight, 

about 500 yards north of the post office and across the road north 

from a cemetery. The following composite 'list contains the species 
In all three collections: 

Fusulinids (r) 
Campophyllum cf. C. torquium (Owen), small, individuals (r) 
Syringopora sp. undet. (r) 
Crinoid columnals (r) 
Echinoid plates and spines (r to c) 
Bryzoan, fenestelloid, nonporiferous side (r ) 
"Productus" (Dictyoclostus?) sp. undet., immature individuals (r) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Dielasma bovidens? (Martin ), young (r) 
Composita subtilita (Hall) (vc) 
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The two collections from the lower limestone came from a sin­
gle locality, along the old Gunsight-Eastland road at a point about 
2 miles south of GunsighL These collections contain the following 
forms: 

Fusulinids (a) 
Syringopora sp. undet. (r) 
Crinoid stems (r) 
Echinoid spines (r to c) 
Echinoid plates (r) 
" Productus" (Dictyoclostus?) sp. undet., fragmentary young (r) 
Composita subtilita (Hall) (vc) 
Gastropod, possibly Meekospira, very much crushed and fragmentary, 

one specimen 

The small number of recognizable larger invertebrates in the 
limestones of the type Gunsight makes their correlation with beds 

. in the Graham area by means of these fossils a difficult task. 
Nearly all the beds near Graham have larger and more varied 
faunas than either of the type Gunsight limestones. No bed from 
which the writer has collected in the Graham area suggests the 
upper Gunsight, and it may be either not present th~re or so 
changed lithologically and faunally that it cannot be recognized. 
There are some resemblances jn fauna and lithology between the 
lower Gunsight and the limestone of No. 7 post-Bunger cycle but 
these resemblances are very slight, and when the variability of 
Pennsylvanian limestones and their faunas in this region and the 
totally inadequate nature of the lower Gunsight fauna are consid­
ered, it is very evident that no adequate basis for the correlation 
of these two limestones exists. With the knowledge at hand, it 
seems slightly more likely that, if the lower Gunsight is repre­
sented in the Graham area, it is the No.7 limestone rather than 
one of the other limestones, but this suggestion rests on very 
slender evidence. Large fusulinid collections were obtained from 

these beds, and it is possible that they will give some basis for 

the correlation of the Gunsight limestones. 

Collections from No.9 post-Bunger cycle limestone (fossil zone 
4 Gb) .-As treated in the first part of this report, there are three 

limestones in the No.9 post-Bunger cycle. The lowest of these is 

designated the "No.9 limestone." A limestone designated the "No. 

9a limestone" occurs above No.9, and one designated "No. 9b 
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limestone" is above o. 9a. A very fossiliferous zone in the Way· 

land shale occurs between limestones as. 9a and 9b. 

Only one collection, 7443, was obtained from the No. 9 lime­

stone. It came from beds near the head of Kickapoo Creek. The 

species in it are as follows: 

Fusulinids (c) 
Lophophyllum profundum (Edwards and Hairne) (r to c) 
Lophophyllum profundum radicosurn Girty (c) 
Crinoid stems and plates (c) 
Rhombopora lepidodendroides Meek (r) 
Other Bryozoa (c ) 
Marginifera? lasallensis (Worthen) (r) 
Squarnularia perplex a (McChesney) (r) 
Crurithyris planoconvexa (Shumard) (r) 
Punctospirifer kentuckyensis (Shumard) (c) 
Hustedia mormoni (Marcou) (r to c) 
Composita subtilita (Hall) (c) 
Conocardium sp. undet. (r) 
Astartella concentrica (Conrad) (r) 
Euphernites carbonarius (Cox) (r to c) 
Pharkidonotus tricarinatus (Shumard), small individuals (c) 
Worthenia tab"ulata (Conrad) (r to c) 
Phanerotrema grayvillense (Norwood and Pratten ) (c) 
Phanerotrema tenuistrlatum (Shumard) (r to c) 
"Murchisonia" sp. undet., one fragment 
Trepospira depressa? (Cox), small individuals (c) 
Straparollus (Euomphalus or Schizostoma) subrugosus ? (Meek 

and Worthen) (r ) 
Solenisclls (Macrochilina) cf. S. primigenius (Conrad), one 

incomplete specimen 

Collections from the Wayland shale member (fossil zone 3 

Gb}.- More collections and probably more i~dividuals were ob­

tained from the Wayland shale member than from any other in 

the Graham formation. At all localities visited fossils are abund­

ant and well preserved and can be collected free from the matrix 

in almost unlimited quantities. 

The total number of collections from this member in the Brazos 

River valley is 14. These 14 collections were obtained at 10 dif­

ferent localities, most of which are near Graham. A composite 

but incomplete list of species is given in the table below. 
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Distribution of species £n collections from the Wayland shale member in the 
Brazos River valley 

I'" 1 ~ 1 ;;; 1 ;% 1 ~ 1 ~ 1 "' 1 "' 1 ""~Ig;I~ "" ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ 
Lophop hyJlum pr~fundum (Edwards and I II I I 1 1 - --:-~ 

R.ime) x x l!.... x x x x x x x X x 
';""L-op-'-h-op-:-h-'--y:7nu-m-p-ro-=-fu-n-:-du-m-ra-cdC""ic-°s-u-m----;;"Gi:-rt-y-i1 ~ x I 1 x ii x I x x x-X-
=Sy~r_in~g~o7p_or_·._.~p_._u~n-d~et~.--------------~I-x_fI ---:1 1 I 1 1 I:---r~~-r--~-I---
"'C;.:o:.:.nu:.:l:.:.ar;.:i:.:. • ..: • .!:.p:... . ..:u:.:.nd:;e::t:..,' _________________ 1:---:1 ___ :1 _ L I I I 1 x 
Crinoid stem •• nd pl.tes I x I x Ixl x I I x J-r--I--I-- x ---
Ecllinoid spines and plates I I I I x I 1 I 
Fenestell. sp. undet. I 1 1 I 1 x I 1---1------
Polypor. sp . undet. 1 1 x I I x 1 I i-I-- r-r-
"R:7h'"o'"'m"bC.o:"'p":o"ra'-"le'::p':'id-7p:':'d"'"e-n-;d-ro-:i-;d-es-:M"'"e-e"'"k----:'c----I:--:-:+- ·:-I -+-I..:x::...i' I~r-r-

.;:O,.:t;:.he:.:r'-7Bc.ry'-;O::z.:.O:.:. • ..,--_...,.---:--:= __ -:7" ___ I, ___ I:-+..:x:...: x I x I x I x 
~O,..r~b-'. c_u:-Io:...i-':d::..ea_m_i-'ss:.:.o-u-ri..:eo....:..Sic.s-(:.::S:...h:.:.U.::ID:.:..:.:.rd:.:.),-__ I,;,:,:,x"",l. I I I 1 I, --I----I-_I.--=:"'X 
':;O,..rb""i,..cu_l,..o,..id:-e_._n_._.~p_."'A:__---------------I-x--I~-11i1- " - -- ---

.;O:.:.rb:.:.i;.:c:.:.ul:.::o.:.:id::e=:a.,.:n::.: . ..:.",pc.' .,.:B:....,.:::-:--: ___________ I:-"-x _~. 1 1 1 -;-1-1- === 
Lindslroemella patul. (Girty) 1 x 1 I I 1 1 
Crania mode.t. White .nd SI. John 1 x 1 x 1 x I 1:---:1--+--!--+-x-l--j--

Derby. crass. (Moek .nd R.yden) 1 x 1 1: __ -:-1 _ ;1 __ .,.I_ -+I ___ r_r-_f-_+_X_I- -
Chonetes granulifer Owen 1 x I x x 1~1 ':--=x+ __ +--+ __ +_I-_I-__ 
Cbonetes (Lissochonctes) geinitzianU8 platts o I I 1-:1' I 1"'1 

mouthensis (Duohar Rn d Condra) x x x I ' x 
Chonetes sp. undet. 1 -I;'-I--i' I 1 I 

T I--+---I--I-I- -
"Productus" (Jurcsunia) nebrascensis I I I I I I 

Owen x x x x x 

,."",P,..ro_d.,.u_c_tu_s..,·:-· -:(-::P,..u:-8l:-u_I • ..:.)_n..,' _s,-p,' _A_-:-___ Ic--x_I:_+ __ 1 1 I 1 x 

"Product us" (Echinoconchus) semi- I I I 1 x I,--J--+--t-+-I--t-'I---punctatus? Shepard i-

"Productus" (Echinoconchus) sp. undet. II x II II II xxllll 1 x : --I----1-1----
"Productus" (Dictyoclostus) americanus 

(Dunbar an d Condra) 
7··7.P~r:':'od7u~C::'~US"·~·~(~D~,c~t:':'y:':'OC~I~o-st-u-S~)-S-P-.-u-n-;d-et-.----I~~I---1--1 I x ~I _ ,I __ -+ __ +-__ I-+-x-4_-----

'"Productus" (Linoproductus) prato I x I x x I I 
~t:.::e::.:n::.:ia:.::n~u~.~N~o~rw~o~o~d..:.~n~d~P::..r.~t~te~n~--------r-+ __ r--t-t--t-i---:r-+--ll~r--------
Marginifera lasallensis (Worthen) Xx Xx ~I~u: Xx II x x x 
Marginifera wabashensis (Norwood and 

Pratten) vnr. A . 
7M~.:...r::.:g i~n.:.:if~e~ra~sC.p~le~n-;d-en-s-,(~N,..o-rw-o-o~d~.-ud~----+--r--r--ir-- ~I --TI--+--t--r-r--t-'I- --

Pratten ) vaT. A x x x I x x x 

Strophalosia n. 6'p. A I I , I x I 1 I 
~W~e-7l1~e~re~I~I.::..:.:.o..:sa~g-e;n.~i-'.~(~S,..w~.T.J1~o-:w')----------~l-:x~l~x-r~x-I'---TI ~x~~I ---I:--,~I---t---I·-x-r-I--I~.~_ 

=W~e:::lI:::e:::re:::I.::I.:...::o=sa:.!!gc::en::s::i::. • ..c(-;.S:..;w:.:.:::lI:::o.::w.!..)..:n:.:.:....:.:va:.:r.:... __ -:I"':':.:.-;I ___ I 1 I I 1 1 
Wellerella sp. A. prob.bly ne'. I x I x I x I I 1 1 

Rhynchopor. iIIinoisen.is (Worthen) I I x ii x I x 1: __ -:-I __ +--+_-r_I-_I'_ 

~R.::h.!..y::uC:.:·h:..:o",p70.:.:ra:..,.:;sp;:..:.. . ..:u.::;n7de7t.:.. .• C..!:.p"ro::b:.::.=b:..:lyc..::n:.:.ew.;.:.:._-:I..:,=-~ ____ [_ I I 1 1 
Dielasm. bovidens (Morton) I 1 1 I I x I ~- -+-.f--f-+--
"S':':p ,"" r"'if"'e:::r :"(;;N:;'e':'o:'::6p~,=' r"'if"'e':'r ):.:.':t.:cex~a"'n-u~s~M;-:e~e~k---:I---:I--I 1 I I I x 
Spirifer (Neospirifer) triplicatus Hull x I x x I I x I x T x I--+-r--r-x-t-- I--x-

Spirifer sp. undet. x I x I x I~-'-
~S~q~u~3m~u~la~r~,.~p:':er:':p7Ie-:X-3~(~~1~c~C~h-:es-:n-:e~y')-------~I =--~I =-r:x~:III--x~I---TI --+--t--+-r--I·-
Crurithyris planoconvexa (Shumard ) I x I x I x I x I I x I 
Punctospirifer kentuckyensi. (Shumard) 1 x 1 x x I x ii 1 x 1 
;'H::':u.::::te::::d~i.':':'m:'::o:::'rID""::o::::n:::'i :::(M:::.~rc:::'o:::;u)~=::':':":"'---+I-"x:-:-I x=--;-j" x 1 xi i x 1 

x x 

x 
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Distribution of species in collections from the Wayland shale member in the 
Brazos River valley-Continued 

1 "' l co l "' I "' I ~I"' I "' I~'" 5\ 21: 1'" co ~ ~ ~ ~ ~ ~ , ~ , ~ ~ ~ ~ 
r-- I"- r-- r- r- r-- I"- ~I"'::" I~"'::"'-=:"'" 

;C~o.:.:m:.cp:.::o:::s;::.ta:....:s:;:.l!:::b.:.:ti.:.:li.::ta,--,(-=:H:;: • .:.:1l7) _______ .-::.x_I _ _ I x I x I I x x I I x x x 

Nm" ,." • • ,.". M." .-'-'.J LLJ '1: . · 
"NlIcui opsis" ventriCOi"8 (Hall) x_.-2.J - r x - I l - x I 

;L;e;d.~~b~ejll;;.~t~ri~a~ta=~s~,e~v~e~n.~:~~~~==========:=;x=-=x~~_~'~~I~~~I_~~~I~.~--X-1 ___ x 
Yoldis ~Iabra Beede and R'Jgcrs "( I~I I '( I I 
Parallelndon .p. undet. , 1 1 1 1 x x L 
Avic lIlipinna sp. unde t. ! x I I I I 1----'- r -~ 
:,P'-'; n'-'nc:a.:.?_.:!p:..:._u::.:n:::d:.:e:.:.t.=_....,....,...-------~, --'-~I:-'x-I --1 _x_ I __ ' I -'_ 
eODoca rdium sp., probably new x x I x I I I I X I I I- x 

Mya lin •• p . undet" fragmcnt. 1 1 1 1 x ' 1 1 1---
Asta rtella eoocentrica (Conrad) x x I x I I x I x I x I I ~~_ 

D"...:eG:.:"jt:.:.:t:..!I;_u_m_n...,' ...,._P_. _a.,.ff,..' ..,.D,..._._e_m_i_c_o._,_at_u_m ___ I __ I __ l I I x I 1 I I 
~D.::c n.:.:t:: • .:.:li:::u.:.:m:....::.u::b::l.::cv.::e:,..:H.:.:a::.ll:...-_______ ____ ;-_!I __ !..I ...:x~l ___ ,1._-,1 __ ,1' __ 1-1-__ _ 
=D:::e'::.lt~a.:.:li:::u.:.:m:,:::.p~ . .-::.u:::nd:::e:,:':,:, . ...,..._~~_~ ____ x~ __ I~~I __ ~I __ ~I __ ~I~_:I: __ ~ __ I-I- ___ 
P lagioglypta annuUstriata (Meek and I I I I 1 1 I I 1 
==W=or=the=n) _-:--.,...--.,...--_---!.--'--:.--:--~~-'-~x -: ______ _ 
:.P.::la",g.::io::!~::ly,-,p:.:t:::a...:.::!p:.:. . ...:u:.:n:.:d:.:e.::t.c:..' ..:1::.ar"g:.:e_f.:.:o:.:.Tm::.:.... ___ -'Ic.x~I=_..!I __ 1-1 __ ,-I ...:x41_..:'_ L II2... 
:::B:::e:.:ll :::er~o~p.::h:::on::....:.~p.:. . ..:u::.n~d:::e.:.:I.:.. • ..:l a~r:.:~.::e,.:f.::".:.rm:::.......,.---'I~-I~_:I-- ll-__ ,-I __ +I..:x:...:' . ....::.x-lr~_ ': ___ 
Patc ll ostium montfortianum (Norwood I I I 1 I 1 I 1-( 
~an.:.::....:d P..:.::.::ratt~en) .,....----~ __ .'_ x x x x x 1 

Euphemi' cs carbona rius (Cox) I x x j x I I x I I x I _L x x 

:.P.::h.::.nr:..:k:.:i.::.do::.n:::o:..:t.::.us:....:.t:.:ri.:.ca::.:r".'::;'":..:t.::u.::.s-'(.::S.::h:=u.::m::a:.:.rd::.)'-___ Ic.x=-....::.x_.I_ .::x-,-I -,x-,-I ...:x:-:I_..::x I x I J~ x 
Phark idonotus percnrinatus? (Conrad) x I I I 1---1 - 1---
\VoTt henin tabu lata (Conrad) x , 1 1 x 1 x x ii x 1 x __ = 
Phanerotrema grayvillense (Norwood and I I I 1 I I 1 I 
~P.:.:..:::rn tt~en )~--:--:_-=----:-:---.:..::x...:,...x~~x x x x x x x X 

:.P.:,:h::.a n.::e::r:.:.".:;tr:::e::m:=a....:::te.::n:::u.::is.::trC;i:;:a '::u:::m:.....>(.:::S.;;h::u::m::a:.:rd"')=_ ____ ' __ ,1 ___ :.1 __ ,-I ...:x41 __ .:.I~x 1_ 1 ____ _ 
"Orestes" brazoens is (Shumard) x x I 1 x 1 I x I \1 ~ 
"Murc hisonia" sp. uode l. I I I x I I I 
Orthonema schuc he rti Knight 1--'--:1- --'-I --':"I -'x'-I I x I I x ----

.:1':.:.re"'p:.:o::."'p.::ir.::.a..:d:.;c'-'p:.:.r=es:: • .::.a_("C:.;o::x"')_.,-___ -,.. __ Ic...::.x _.::.x_:I- -,x_~I_ -,x-,-I -,x:.... 1 x 1 x 1 x 1 ___ 2... -;- -;- - x-
Straparoll us t Ellomp alus or Schizostoma) I I 1' 1 1 I I 1 

!lu_brugosus (Meek and Worthen) x x x x I x .:-_ 

::M.::e=c~k:::o~.p::i.::ra:....,:.p~ . .-::.u:::nd::.e:.:t-,:' _ ,..-_....,.._,.-____ :.x ___ :I_ -...!1_x_1 _LJ __ -lI~-I-__ I __ 
Solenis~u s (Macrochilina) pnmigenius I I 1 1 I ~~ 

(Conrad) x x x 
P latyceras sp. undeL I x t I L_ I _ I - -
=P.:.:.e::.u!..d::o:::rt:.:h:,o.::.ce~r"a:::s:.:k::.n:.:o:..x-en-s-e-:-(M:-:-c :::C.,.h-es-n-e-y"'") - - ,-;-i7 T-; ~I- I x ~_:-- x x 

:.:.P:.:..e:...u_d_o_Tt_h_O_ce_T_a.,.s_s_e_m_in_o_l_en_ • ...,e_G_!r_'y=_ ____ ' ___ ' __ x-:l x I 1 x I x I x I _ _ _ 
"OTthocera." (MooreoceTa.) aff. O. I I I I I I I I I, --1---1--1--1--__ t_u_b_a_G_i_T..:'y _____________________ ..: x x ,_ 

Brachycycloceras normale Miller, Dunbar I I I I I I I I I 
and Cond ra x 

l-J---
_C_o_lo_c_e_Ta_8_li_ra_t_um __ G_ir_'y=_ __________ I:.-_1 I ? 1 1 I;.-_I_cl._-:-I __ + __ I---l-__ .I __ 

_ D..:o_m_a_to_c~e_ra_s~.c_u_l:.p_'i_le-...:.(.:.G:.:.ir.:.ty:.:)~ _______ :..1 _:..1 __ I 1 1 x ii I I 
_G.,.o_n_io_l_o_bo_c_e_ra_8 __ w_e_ll_eT_i_S:.:.'_n_it_h ____________ :..I _____ x 1 1 1 1 I----' --~---+---~--~-I----
_N_'a_u_ti_IO_i_d_f_r..:ag:,m_e_n_t_. __________________ ~11 _x_~II --.I~--~I --~I ---I~--~I--~I --I---+--_~~---~---
Fish teeth I 1 1 I 1 1 I x 
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The Wayland shale member in the Brazos River valley has 
yielded several species of cephalopods that are not represented in 
the table. Among them are the ammonoids collected by Dr. A. B. 
Gant, of Graham, and described by J. P. Smith. Plum!p.er and 
Moore also report some species not present in the writer's collec­
tions. They have, however, referred to this zone beds found by 
Lee to belong in the fossiliferous shale 20 to 40 feet above the 
Bunger limestone. 

A study of the author's co llections from the Wayland shale sug­
gests that this zone has certain faunal characteristics which when 
considered in com~ination are sufficient to distinguish large col­
lections from it from collections obtained in either of the other 
two fossiliferous shale zones in the Graham. These characteristics 
include: 

1. The absence ffoom or rare occurrence in the Wayland shale 
of Coelocladia? afr. C. spinosa Girty (in shales only in zone 16 
Gb), Rhipidomella carbolWria (Swallow) (in shales only in zone 
16 Gb), Chonetes geinitzianus n. var. afr. C. senilis (Dunbar and 
Condra) (common in zone 16 Gb, rare in zone 10 Gb), Productus 
(Cancrinella) n. sp. afr. P. boonensis Swall ow (in shales only in 
zone 10Gb), Bellero phon stevensianztS (McChesney) (common in 
zone 16 Gb, absent in zone 10 Gb, rare here), Goniasma lasallensis 
(Worthen), Ort~onema schucherti Knight, Straparolll£S (Euom­
phalus) plummeri Knight, Brachycycloceras nonnale Miller, Dun­
bar and Condra (rare here, common in zone 10 Gb), Metacoceras 
cornutztm Girty and varieties (absent here, rare in zone 10 Gb), 
Gonioloboceras welleri Smith (rare here, common in zone 10 Gb), 
and other cephalopods (rare here, more common in zone 10 Gb). 

2. The occurrence in the Wayland of the following species 
which are contained in the author's collections from one of the 
other shale zones of the Graham formation but not from both: 

"Murchisonia" sp. (absent from zone 16 Gb) 
Dental ium n. su. afT. D. semicostatum Girty (absent from zone 10 Gh) 
Dentalium subleve Hall (absent from zone 10 Gh) 

3. The presence in the Wayland of species not known from the 
author's collections from any of the other shale zones of the 
Graham formation in the Brazos River valley, such as the fol­

lowing: 
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Crania modesta White and St. John 
Chonetes geinitzianus var. plattsmouthensis (Dunbar and Condra) 
"Productus" (Pustula) n. sp. A 
Strophalosia n. sp. A 
Rhynchopora iIIinoisensis (Worthen) 

4. The common occurrence in the Wayland of some species 
known in shales at other horizons but represented there by few 
or nontypical individuals, ·such as Wellerella osagensis (Swallow) 
and certain gastropods. 

Plummer and Moore show certain of the above-named species 
occurring at horizons in the Graham at which they are not repre­
sented in the author's collections. These inc~ude Rhipidomella 
carbonaria (Swallow) (=R. pecosi of Plummer and Moore), 
which they cite from beds in or near the Bunger limestone; 
Rhynchopora illinoisensis (Worthen), which they show in all zones 
in the Graham from which they list fossils; and Metacoceras cor­
nutum Girty; which they list from the Wayland shale member. 

Undoubtedly other species have been already found by others, 
or will be found on fu,rther collecting, to occur in beds other than 
those from which the writer now lists them. However, there does 
now seem to be enough difference between the fauna of this zone 
and those of the other zones to furnish a basis for distinguishing 
the zones in the field. 

The faunal characteristics found most useful in recognizing this 
zone in the field were the common occurrence in it of Wellerella 
osagensis, the occurrence of Rhyncho pora illinoisensis and Stro­
phalosia n. sp. A, the absolute or virtual absence of Coelocladia? 
and Rhipidomella, and the lack of any abundance of coiled cepha­
lopods. 

Collections from the 9a limestone of post-Bunger cycle No. 9 
(fossil zone 2 Gb}.-Three collections were made from limestone 
9a of the post-Bunger cycle No.9. One of the collections contained 
only fusulinids. The other two came from a single locality, from 
a butte north of Graham Lake. These collections, 7450 and 7526, 
are here listed together. 

Fusulinids (r) 
Lophophyllum profundum (Edwards and Haime) (r) 
Lophoohyllum profundum radicosum Girty (r) 
Crinoid columnals (c) 
Echinoid plates (r) 
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Rhombopora lepidodendroides Meek (r) 
Other Bryozoa (0) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Punctospirifer kentuckyensis? (Shumard), one fragment 
Hustedia mormoni (Marcou) (r to 0) 
Composita subtilita (l-Iall ) (r) 
"N ueulopsis" ventrieosa (Hall) (r) 
Worthenia tabulata (Conrad) (r) 
"Murchisonia" sp. undet., one fragmentary specimen 
Trepospira depressa (Cox), one small individual 

Collection from limestone No. 9b of the No.9 post-Bnnger cycle 
(fossil zone 1 Gb) .- One collection, 7498, was obtained from a 
limestone exposed as an outlier on a butte on the northwest side 
of Tonk Creek about a mile west of Tonk School. This limestone 
is said by Lee to be about 76 feet above the o. 9 limestone at the 
base of the Wayland shale. It is 12 feet below the base of the 
Avis sandstone member of the Thrifty formation at this locality. 
A list of species in collection 7498 is given below: 

Fusulinids (r to c) 
Lophophyllum profundum (Edwards and Haime) (r) 
CamPophyllum torquium (Owen) (e) 
Crinoid stems (r to e) 
Echinoid plates and stems (r ) 
Leptalosia ovalis Dunbar and Condra (r) 
Derbya crassa (Meek and Hayden ) (r to e) 
Meekella striatoeostata (Cox ) (r) 
Chonetes granulifer Owen (r) 
"Murchisonia" sp. und et., one broken specimen 
Solenisous (Macroehilina) sp. undet., fragment of mold 

COLORADO RIVER VALLEY 

In the Colorado River valley the Graham formation is thinner 
and has fewer stratigraphic units than in the Brazos River valley. 
Like the unit.s in the Brazos River valley, some are abundantly 
fossiliferous and others are almost devoid of fossils. All the named 
units are listed in stratigraphic order below. The names are those 
used in the stratigraphic part of this report. 

Base of Bellerophon limestone (basal bed of TIlrifty formation in Colorado 
River valley) . 

Graham formation: 
1 Gc.4 Wayland shale member (Triokham shale of Drake). 
2 Ge. Upper limestone of Gunsight member. 
3 Gc. Lower limestone of Gunsight member. 

'G= Graham form ation'; c== Colorado River valley. 
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4 Ce. Bluff Creek shale member. in ammonoid·bearing shale. 10 to 20 
feet below Cunsight limestone member-

S Ce. Bluff Creek shale member. in thin limestone 8 ftet above Home 
Creek limestone of Plummer and Moore. 

Home Creek limestone of Plummer and Moore (top member of Caddo Creek 
formation) 

Collection from thin brown limestone 8 feet above Home Creek 
limestone member of Plummer and Moore (fossil zone 5 GcJ-­
Collection 7560 came from a 2·foot brown limestone that is 8 feet 
above the Home Creek limestone of Plummer and Moore. This 
limestone is considered by Lee to be in the basal part of the 
Graham formation, in the Bluff Creek shale member. The collec­
tion from it was hurriedly made at a locality near the Samuel 
No. 1 well on the Gill ranch, east of Whon, and is probably not 
representative of the faunule here. It contains many fusulinids 
shown on the surface of the beds and one specimen of Campo­
phyllum torquinm (Owen). 

Collections from the ammonoid-bearing shale 10 to '20 feet below 
the Gunsight limestone member (fossil zone 4 GcJ-- Fossil zone 
4 Gc is characterized by an abundance of cephalopods and horn 
corals. Many of the corals may, however, have come from the 
weathering of the overlying lower limestone of the Gunsight mem­
ber. Other fossils, especially gastropods, are common. 

Three collections, 7369, 7369A, and 7455, were obtained from 
this zone. All are from the same locality, along a road through 
the Gill ranch, at a point east of the ranch house, about 1000 feet 
northeast of the bench mark 1397, as shown on the topographic 
map of the Waldrip quadrangle. Most of the cephalopods came 
from · a zone about 15 feet or less below the Gunsight member. 

The following is a composite list of the three collections: 

Lophophyllum profundum (Edwards and Haime) (r) 
Camphophyllum torquium (Owen) (a) 
Crinoid stems (r to c) 
Conularia cf. C. erustula White (r) 
Orbieuloidea missouriensis ( humard) (r) 
"Produetus" (Echinoconchus) sp. undet. (r) 
"Productus" (Cancrinella ) n. sp. alI. P. boonensis Swallow (r). 

large variety 
Marginifera lasall ensis (Worthen ) (r to c) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Spirifer (Ne()spirifer) texanus Meek (r to c) 
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Crurithyris planoconvexa (Shumard) (r) 
Hustedia mormoni (Marcou) (r) 
Composita subtilita (Hallf (r to c) 
Anthraconeilo taffiana Girty (r to c) 
"Nuculopsis" ventricosa (Hall) (r to c) 
Leda bellistriata Stevens (r to c) 
Conocardium sp. undet., possibly new (r to c) 
Astartella concentrica (Conrad), large thick variety (c) 
Other pelecypods, probably two species 
Euphcmites carbonarius (Cox), large individuals only (c) 
Worthenia tabulata (Conrad) (c) 
Phanerotrema grayvillense (Norwood and Pratten ) (c) 
Trepospira depressa? (Cox), very large individuals (vc) 
Soleniscus (Maeroehilina) primigenius (Conrad) (ve) 
"Orthoeeras" (Do,Jorthoceras) cisLoense (Miller, Dunbar and 

Condra) (r to c) 
"Orthoceras" (Euloxoeeras) greenei (Miller, Dunbar and Condra) 
"Orthoceras" sp. undet., fragments (r) 
Brachyeycloeeras norma Ie Miller, Dunbar and Condra (r) 
Coloeeras liratum Girty (r to c) 
Tainoceras monifer Miller, Dunbar and Condra (r) 
Metaeoeeras cornutum Girty (r) 
Metacoceras eornutum vaT. sinuosum Girty (r to e) 
Domatoceras seulptile (Girty) (r to c) 
Gastrioceras angulatum Girty (r to c) 
Gast,rioceras modestum? Bose (r to c) 
Gastrioceras, fragments of two or three species 
Schistoeeras hyatti Smith (r) 
Sehistoceras hildrethi? Smith (r) 
Dimorphoceras texanum Smith (c) 
Gonioloboceras welleri Smith (vc) 

The faunal characteristics by which this zone may be diffelen­
tiated from the higher Wayland (Trickham) shale member are 
considered in the discussion of the faunas from that member. 

Collections from lower limestone of Gunsight limestone member 
{fossil zone 3 Gc}.-If the fusulinids ana corals are excepted, then 
the lower Gunsight in the Colorado River valley contains few fos­
sils. Only two collections, mainly of fusulinids, were made from 
it, and both were from the Gill ranch, east of Whon. 

Larger fossils identified in the field were Campophyllum tor­
qui'um (Owen) (a), Composita subtilita (Hall), and a question­
ably identified Squamularia perplexa (McChesney). 

Collections from the upper limestone of the Gunsight limestone 
member {fossil zone 2 Gc}.- Two small collections were obtained 
from the upper limestone of the Gunsight member in the Colorado 
River region. One of them, 7510, came from a locality about half 
a mile east and less than a quarter of a mile south from Parks 
Mountain. The other, 7559, came from the same locality that 
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yielded the three collections from the ammonoid-bearing shale 
below the Gunsight limestone member. This locality is on a ranch 
road east of the Gill ranch house and about 1000 feet northeast 
of bench mark 1397, which is shown on the topographic map of 
the Waldrip quadrangle. 

Collection 7510 contains only crinoid columnals, one specimen 
of Deltopecten n. sp.? aff. D. mccoyi (Meek and Hayden), and a 
fragment probably of a Myalina. This collection was hastily made 
and is therefore not representative. 

Collection 7559 is larger, but most of the individual specimens 
are incomplete. Although some fossils, especially Compositas and 
gastropods, are frequently seen in section on the rock surfaces, they 
are difficult to obtain in identifiable condition. Fusulinids are 
present but are also hard to obtain free from matrix. 

Fusulinids (r to c) 
Campophyllum torquium (Owen), large forms common (c) 
"Productus" (Juresania) sp. undet., very young (r) r 

"Productus" (Dictyoclostus) or Marginifera sp. undet., frag· 
mentary (r) 

"Productus" (Linoproductus) sp. undet., fragment (r) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Punctospirifer kentuckyensis? (Shumard), fragment (r) 
Composita suhtilita (Hall) (r to c) 
Myalina? sp. undet., small form (r) 
Gastropods, sections in rocks (r to c) 

Collections from Wayland (Trickham) shale member (fossil zone 
1 Gc) .-Fossils are very abundant at the horizon of the Wayland 
(Trickham) shale member. At the one locality from which collec­
tions were made they are so abundant and, because they are weathered 
out, so easily collected that large numbers can be obtained in a 
short time. 

The locality from which the two collections were made is about 
a mile east of Parks Mountain. Two trips were made to it-the first 
on July 15 in company with H. D. Miser, Wallace Lee, C. O. Nickell, 
and Fred Yockstick, when collection 7370 was obtained, and the 
othe.r on August 29, on which the author was alone. Collection 7449 
was obtained on the second trip. 

A complete list of collections 7370 and 7449 is given below: 

Lophophyllum profundum (Edwards and Haime) (a) 
Lophophyllum profundum radicosum Girty (c) 
Crinoid columnals (c) 
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Crinoid plates (c) 
Echinoid plates (r) 
Fistulipora? sp. undet. (c) 
Polypora? sp. undet. (c) 
Rhombopora lepidodendroides Meek (c) 
Other Bryozoa, two or three species 
Orbiculoidea n. sp.? C (r) 
Crania modesta White and St. John (r) 
Chonetes (Lissochonetes) gemItZlanus var. plattsmouthensis 

(Dunbar and Condra) (r) 
"Productus" (J uresania) nebrascensis Owen (r to c) 
"Productus" (Jllresania ) sp. undet., fragments (r) 
"Productus" (Dictyoc!ostus) sp. undet., fragments (r) 
"Productus" (Linoproductlls) sp. undet. (r) 
Marginifera? lasallensis (Worthen) (c) 
Marginifera splendens? (Norwood and Pratten) var. A, one 

quarter of a specimen (r) 
Wellerella osagensis (Swallow) (r) 
Rhynchopora illinoisensis (Worthen ) (r) 
Spirifer (Neospirifer) triplicatus Hall (c) 
Crurjthyris planoconvexa (Shumard) (r to c) 
Punctospirifer kentuckyensis (Shumard) (r to c) 
Hustedia mormoni (Marcou) (c) 
Composita subtilita (Hall) (c) 
Nucula anodontoides Meek (r) 
"Nuculopsis" ventricosa (Hall) (vc) 
Leda belli striata Stevens (r to c) 
Pinna ? sp. undet., fragments of large form (r) 
Conocardium sp. undet., probably new (r) 
Myalina? sp. undet., fragments (r) 
Deltopecten texan us Girty (r to c) 
Astartella concentrica (Conrad ), large and small individuals (c) 
Plagioglypta annulistriata (Meek and Worthen) (r) 
Euphemites carbonarius (Cox) (c) 
Bucanopsis meekiana (Swallow) (r) 
Pharkidonotus tricarinatlls (Shumard) (r to c) 
Pbarkidonotus percarinatus? (Conrad), forms gradational to 

tricarinatus (r to c) 
Worthenia tabulata (Conrad) (r to c) 
Phanerotrema grayvillense (Norwood and Pratten) (c) 
"Orestes" brazoensis (Shumard) (r to c) 
Trepospira depressa (Cox) 
Straparollus (Euomphalus or Schizostoma) subrugosus Meek and 

Worthen (c) 
P seudozygopleura, one or two species (r to c) 
Meekospira?, probably two species (r to c) 
Soleniscus (Macrochilina) sp.?, probably S. brevis (White) 

(r to c) 
Pseudorthoceras knoxense (McChesney) (c) 
"Orthoceras" (Euloxoceras) greenei (Miller, Dunbar and 

Condra) (r) 
Coloceras liratum Girty (r) 
Metacoceras perelegans ? Girty (r) 
Metacoceras sp. undet., fragment (r) 
Domatoceras sculptile (Girty) (r) 
Gastrioceras branneri? Smith (r) 
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Gastrioceras sp. unclet., fragments of two or three species (r) 
Dimorphoceras texanum Smith (r) 
,Gonioloboceras welleri Smith (r) 

If the collections here reported are representative, this zone may 
be distinguished from the ammonoid.bearing shale below the Gun­
sight limestone member by its lower relative number of coiled 
cephalopods; the less abundant Campophyllum torquium; the absence 
of "Productus" (CancrineUa) n. sp. aff. P. boonensis, large variety; 
the presence of Chonetes geinitzianus var. plausmouthensis, Wellerella 
osagensis, Rhyncho pora illinois ens is, P lagiogly pta annulistriata; 
and the greater abundance of Punctospirifer kentuckyensis, Hustedia 
mormoni, Pharkidonotus tricarinatus, soleniscus brevis, and Strap a­
roUus subrugosus. 

CORRELATION OF MEMBERS OF THE GRAHAM FORMATION 

Faunal correlation of thin members 'within formations is usually 
difficult, regardless of the class of fossils employed or the age of 
the rocks being correlated. Especially is this true if many of the 
members are relatively unfossiliferous. On the other hana, the diffi­
culty of arriving at immediate and seemingly accurate correlations 
is sometimes increased if some of the members are abundantly 
fossiliferous and contain fossils belonging to many orders. Under 
such circumstances, evidence from one class of fossils that would 
ordinarily be thought sufficient to establish certain correlations is 
not infrequently found to be at variance with evidence from other 
classes of ·fossils found in the same beds. Such discrepancies result 
in the long run, however, in a more reliable and balanced set of 
correlations than would otherwise have been obtained. 

The Graham formation has several members that have few fossils, 
but it also has some very fossiliferous members. 

The presence of both unfossiliferous and very fossiliferous mem­
bers in the Graham, the long range of many of the species, and the 
likelihood of faunal differences because of differences in facies make 
it desirable to use fully all types of fossil evidence before arriving 
at any conclusions. This report deals only with the invertebrates 
exclusive of fusulinids. The correlations arrived at here should he 
weighed against the evidence from the fusulinids and the plants, and 

conclusions should be reached only after all three types of evidence 
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have been carefully considered, with due regard for their relative 
importance. 

Not only is it necessary to use all types of fossil evidence in mak· 
ing correlations within the Graham, but because of certain obvious 
limitations it is also necessary to use and weigh nearly all the types 
of methods used for faunal correlations. The most common method 
of establishing faunal correlations is by the process known as 
"matching species" or matching percentages of species. A more 
significan t criterion, perhaps, is the presence of genera, species, or 

. varieties having elsewhere narrow stratigraphic ranges. Especially 
important is the presence and proportion of forms appearing for 
the first time or for the last time in the stratigraphic column. Signifi. 
cant also is the evidence from new or allegedly new species or 
genera, which may be evaluated in terms of closely related fOl;ms 
occurring elsewhere or of their evolutionary stages. The evidence 
from the relative abundance of various species is also useful if the 
correlations are made. between areas that are not too widely sep­
arated or are not in different sedimentary basins, and with f ossils 
that are not usually spotty in their occurrence. 

Each of the above-outlined methods must be used with caution 
and with full knowledge of its limitations. The matching of species 
and use of relative abundance of species are, as a,l competent 
paleontologists have long known, susceptible to modification by 
differences in facies, by discrepancies in the completeness and the 
geographic extent of collecting, and by differences in various parts 
of the stratigraphic column in the number of long-ranging forms. 
The use of genera and species which elsewhere have narrow ranges 
is reliable only if the ever-present possibility of the extension of 
the range of any species is kept in mind. The consideration of forms 
which appear for the first time or for the last time in the strati· 
graphic column is very useful in correlation, but absurd correla­
tions result if it is pushed too far. The consideration of the close 
relationship of certain species or the degree of evolution of certain 
species is also useful, but it is limited by the fact that the evolution 
of a great many forms is admittedly not known and the evolution 
of many others has been outlined on insufficient and highly specu­
lative data or on the basis of discarded theories. 

The shale members of the Graham offer greater possibilities for 
reliable correlation by the larger invertebrates than the limestone 
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or sandstone members. Three very fossiliferous shale members . 
occur in the Brazos River section and only two occur in the Colo­
rado River section. Other shales which are, however, relatively 
unfossiliferous occur in both sections. 

The collections made for this present study suggest that the fauna 
of the lowest fossiliferous shale zone (the shale above the Salem 
School limestone ) in the Graham formation of the Brazos River 
valley does not occur in the Colorado River valley. No shale there 
is characterized by the common occurrence of Coelocladia? d. 
C. spinosa Girty, Rhipidomella carbonaria (Swallow) , Chonetes 
geinitzianus n. var. aff. C. senilis (Dunbar and Condra), and 
Bellerophon stevensianus McChesney, and by an abundance of 
Euphemites carbonarius (Cox) . The Coelocladia, insofar as the 
present collections are representative, is limited to the Brazos River 
valley and to this. shale zone. The Rhipidomella has been doubt­
fully identified by the writer also in a collection from the Gonzales 
limestone member in the Brazos River valley but does not occur 
above that member or in any collec:ion from Colorado River valley. 
Plummer and Moore, however, cite it from beds as high as the 
Bunger limestone in the Brazos River valley. The other three forms 
occur in higher beds, but the first two of them are not common at 
any higher zone. The common occurrence of these five species, 

together with the absence of any considerable number of coiled 

cephalopods, of "Productus" (Cancrinella) n. sp. afI. P. boonensis 
(Swallow), large variety, and of other forms, distinguishes the 

fauna of this zone from that of the ammonoid-bearing shale below 
the Gunsight limestone of the Colorado River area. The common 

occurrence of the species named, together with the absence of 
Chonetes geinitzianus (Swallow) and Rhynchopora illinois ens is 
(Worthen) and the relative scarcity of Hustedia mormoni (Marcou), 
distinguishes the fauna from that of the Wayland shale. 

There seems to be an adequate, even if not an impregnable basis 

for correlating the two other fossiliferous shale zones in the Brazos 
River valley with the two fossiliferous shale zones in the Colorado 

River valley. The fauna of the ammonoid-bearing shale above the 
Bunger limestone in the Brazos River valley has much in common 
with that of the ammonoid-bearing shale below the Gunsight lime­
stone in the Colorado River valley, and the fauna of the Wayland 
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shale of the Brazos River valley is similar in several respects to 
that of the Wayland shale of the Colorado River valley. 

The correlati~n of the ammonoid·bearing shale above the Bunger 
limestone in the. Brazos River valley and that below the Gunsight in 
the Colorado River valley is largely based on (1) the occurrence 
of many species in both zones, including such forms as "Productus" 
(Cancrinella) n. sp. aff. P. boonensis (Swallow) (large variety), 
Metacoceras comutum Girty, Gastrioceras modestum? Bose, and 
Schistoceras hyatti Smith, which are not present in the author's 
collections from any other zone in the Graham; (2) the presence 
in both zones in some abundance of coiled cephalopods, especially 
Coloceras liratum Girty, Domatoceras sculptile (Girty), Dimor­
phoceras texanum Smith, and Gonioloboceras welleri Smith, and of 
other fossils, such as Anthraconeilo taffiana Girty, which, although 
they may occur scatteringly at other horizons, are less common 
there; and (3) the absence from or rare occurrence in both these 
shale zones of certain forms that occur in the other two shale zones, 
including Crania modesta White and St. John (absent here, rare 
above); Chonetes geinitzianus var. plattsmouthensis (Dunbar and 
Condra) (absent here, rare to common above); Marginifera splen­
dens (Norwood and Pratten) var. A (absent here, rare to common 
above); W ellerella ~sagensis (Swallow) (absent here, rare to com­
mon above); Rhynchopora illinois ens is (Worthen) (absent here, 

rare to common above); Punctospirifer kentuckyensis (Shumard) 

(rare here, more common above); Hustedia mormoni (Marcou) 
(rare here, more common above) ; "Nuculopsis ventricosa" Hall (rare 

to ~ommon here, more common above); Plagioglypta annulistriata 
(Meek and Worthen) (absent here, rare above); Pharkidonotus 
tricarinatus (Shumard) (rare here, more common above); Strapa­
roUus (Euomphalus or Schizostoma) subrugosus (Meek and Wor­

then) (absent here, common above). 

The strength of the above-outlined evidence for correlation of 
the two shale zones mentioned is considerably lessened by the facts 
that some of the species have ranges extending both above and 
below the Grah~m, that many have ranges extending below it, ·and 
that many of them are listed by Plummer and Moore from horizons 
in shale other than those to which they are limited in the author's 

collections. The significance of the differences in relative abundance 
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between the various species is lessened by the relatively long dis­
tance between the two outcrop areas. Notwithstanding these limita· 
tions, however, the fact that in each of the two areas there are two 
zones that have like stratigraphic relations and like paleontologic 
relations seems sufficient to warral1t correlation, at least until more 
contradictory evidence than now exists is discovered. 

The reasons for the correlation of the Wayland shale of the 
Brazos River valley with the Wayland shale of the Colorado River 
valley are suggested above. They include (a) the presence of many 
common species, some of which, as indicated above, occur only in 
these two shale zones and others of which occur elsewhere though 
not as abundantly, and (b) the absence of certain species which are 
restricted, at least in the writer's collections, to the fossiliferous 
shale above the Bunger in the Brazos Basin and that below the 
Gunsight limestone in the Colorado Basin. These last-mentioned 
species have also been indicated above. The scarcity of coiled 
cephalopods in general and of some species of coiled cephalopods 
that are rather common in the shales just mentioned also leads to 
the correlation of these two Wayland zones. 

The faunal correlation of many of the limestone zones within the 
Graham cannot be made with any degree of certainty from the 
information supplied by the larger invertebrates. The thinness of 
the limestones, together with the facts that some of them vary greatly 
in thickness or pinch out in short distances and that many of their 
faunas are largely the same, makes it improbable that reliable 
correlations can be made by any kind of fossils. 

Only three limestones occur in the Colorado River valley in beds 
here considered Graham. The lowest of these is a thin limestone 
that occurs in the basal part of the Bluff Creek shale member, 8 feet 
above the Home Creek of Plummer and Moore. Detailed collec­
tions were not made from this limestone. Its generally unfos­
siliferous character and its thinness suggest that it would be difficult 
to establish a faunal correlation between it and any bed in the 
Brazos River area. Certainly the author has no adequate data for 
making such a correlation. 

The other two limestones of the Graham of the Colorado River 
valley have been assigned to the Gunsight limestone member; they 
are generally referred to in that area as the upper and lower Gun­
sight limestones. They occur in the interval between the top of the 
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typical Bluff Creek shale member of the Colorado River valley and 
the base of the Trickham shale of Drake, which has been corre­
lated with the Wayland shale member of the Brazos' River valley 
and called "Wayland shale" by Plummer and Moore and other 
workers. The lower of these limestones lies 10 to 20 feet above 
the ammonoid zone on the Gill ranch, in the Colorado River val­
ley, which is correlated with the ammonoid zone 20 to 40 feet 
above the Bunger limestone member on Bass Mountain, in the 
Brazos River valley. In the area near Graham seven limestones 
have been recognized in this interval. The type locality of the 
Gunsight limestone member is in the Brazos River valley, but it 
is some distance south of Graham. The correlation of the type 
Gunsight limestones with the limestones ~ear Graham has been dis­
cussed in connection with the collections from the Brazos River 
valley (p. 177). The Gunsight limestones of the Colorado River 
valley, like the Gunsight limestones of the type locality, contain 
very few of the larger invertebrate fossils, except specimens of 
Campophyllum. The few larger invertebrates collected are all long­
ranging forms that are found in nearly all the Graham limestones. 
There is, then, very little paleontologic evidence with which to con­
firm or refute the reference of the two limestones in the Colorado 
River valley to the' Gunsight. 

AGE AND OUTSIDE CORRELATION OF THE GRAHAM 
FORMATION 

The Pennsylvanian age of the Graham formation has long been 
generally accepted, but its precise position within the Pennsyl­
vanian is still a matter of some doubt. Plummer and Moore, in 
1922, concluded that the Graham fauna was "somewhat younger 
than the ' Wewoka fauna 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." 
Rather recently several geologists, including R. C. Moore, have 
correlated the lower part of the Cisco group, which includes the 
Graham, with the Virgil sf'ries of Moore. This correlation places 
the Graham in a higher position in the Pennsylvanian. It is said 
to have been made largely on the basis of the association of the 
ammonoid Uddenites with a certain fusulinid. 
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The collections the writer has studied do not contain enough 
species with restricted ranges to fix the age of the Graham within 
narrow limits. They do, however, indicate that the Graham fauna 
is as young as that of the Lansing group (upper part of Missouri 
series of Moore), and that it may be as young as the Virgil series 
of Moore of the northern Midcontinent region or as the Uddenites 
zone of western Texas. The author's collections are, however, 
slightly more suggestive of a Lansing age than of a younger one. 

COLLECTIO S FROM THE THRIFTY FORMATION 

The Thrifty formation, as considered in this report, includes all 
beds from the base of the Avis sandstone member to the top of 
the Breckenridge limestone member of the Brazos River region and 
to the top of the Chaffin limestone member of the Colorado River 
region. Ten collections were obtained from it in the Brazos River 
valley and nine collections in the Colorado River valley. 

BRAZOS RIVER VALLEY 

The members and beds in the Thrifty formation In the Brazos 
River valley from which colh;ctions were obtained are listed in 
stratigraphic order below : 

1 Tb.5 Breckenridge limestone member. 
2 Tb. Blach Ranch limestone member. 
3 Tb. Ivan limestone member. 
4 Tb. Unnamed limestone above Avis sandstone and beiow Ivan limestone. 

Collection from unnamed limestone above Avis sandstone mem­
ber and below Ivan limestone member (fossil zone 4 Tb).-One 
collection, 7527, was obtained from a limestone that is exposed 
along the drive to a house about 1.1 miles by automobile,speedom­
eter due north of Eliasville. This limestone is below the Ivan lime­
stone, which crops out near the house, and is above the Avis sand­
stone. It is a very argillaceous brown to yellow limestone that 
weathers granular. Most . beds are 4 to 6 inches thick, and some 
beds are almost a coquina of molluscan shells, few of which are 
recognizable. Greenish-gray and yellow-hrown clay pellets are 
common. Gastropod sections are common on most of the beds. 

5T = Thrifty formation; b = Brazos River valley. 
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Some beds are composed almost entirely of Myalinas; others almost 
entirely of productoid shells. No fusulinids or crinoids were seen. 
The list is as follows: 

"Productus" (Linoproductus) sp. undet., fragments only (r to c) 
Marginifera? lasallensis (Worthen) (c) 
Leda bellistriata Stevens n. var. A (r) 
Myalina, possibly two species (c) 
Bellerophon? crassus? Meek and Worthen, internal molds and 

poorly preserved specimens, some large (c) 
Straparollus (Euomphalus) sp. undet., two poorly preserved 

specimens 

CollectioTliS front the Ivan limestone member (fossil zone 3 
Tb}.- The Ivan limestone is very sparsely fossiliferous at all lo­
calities at which it was seen. Intensive collecting has yielded only 
a very few fossils. 

Three small collections were obtained from this limestone-col­
lection 7533 from the same locality as collection 7527 (fossil zone 
4 Tb) , about 1.1 miles north of Eliasville; collection 7520 from 
beds along Gage Creek, about 2 miles west and 0.8 mile north of 
Eliasville; and collection 7592, made by Wallace Lee, from a 
locality 2 miles south of Ivan. 

Collection 7533 came from a neutral-gray dense to finely crys­
talline limestone at least 4 feet thick. Some beds appear brec­
ciated. Fossils are very rare. A list of those collected follows: 

Crinoid columnals (vr) 
Composita suhtilita (Hall ) (r) 

Collection 7520 is larger, but it also contains few species. This 
collection was obtained by Lee and Williams on August 6, 1934, 
and contains the following forms: 

Syrillgopora sp. undet. (e) 
Fistulipora? sp. undet. (r) 
Composita subtilita (Hall) (r) 

Collection 7592 contains only fragments of brachiopods as shown 
on weathered surfaces of pieces of limestone, crinoid stems, and 
separate crinoid columnals. 

Collections from Blach Ranch lime-stone member (fossil zone 2 
Tb}.-At most localities the Blach Ranch limestone is but sparsely 
fossiliferous. Only one collection was obfained from it, but the 
limestone was examined for fossils at several localities. At each 
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of the places where it was examined the Blach Ranch limestone 
shows fragments and sections of fossils on weathered surfaces. 
Identifiable fossils could be found, however, at only one locality. 
The most common fragments seen are crinoid columnals. Fusu· 
linids, horn corals, ' and brachiopods are the fossils most often seen 

in section, but they are rare. 

The single collection (7501) came from beds along a road half 
a mile west of the McCann bridge over Salt Fork of Brazos River. 
I t contains the following species: 

Fusulinids (r to c) 
Lophophyllum profundum Edwards and Haime (r) 
Lophophyllum profundum radicosum Girty (r) 
Crinoid columnals (r) 
Fenestella? sp. undet., only nonporiferous specimens (c) 
Rhombopora lepidodendroides Meek (r to c) 
Other Bryozo.a, one species (r) 
Chonetes sp. undet. (r) 
Chonetes (Lissochonetes) geinitzianus senilis (Dunbar and 

Condra) (r) 
Chonetes granulifer Owen (c) 
"Productus" (J uresania) nebrascensis Owen (r) 
"Productus" (Dictyoclostus) americanus? (Dunbar and Condra), 

one incomplete specimen 
Marginifera? lasallensis (Worthen) (r) 
Marginifera splend~ms (Norwood and Pratten) var. A (r) 
Marginifera wabashensis? (Norwood and Pratten), one specimen 
Wellerella osagensis (Swallow) (r) 
Spirifer (Neospirifer) triplicatus Hall (r to c) 
Squamularia perplexa (McChesney) (r to c) 
Crurithyris planoconvexa? (Shumard) (r) 
Punctospirifer kentuckyensis (Shumard) (r) 
Hustedia mormoni (Marcou) ' (r) 
Composita subtilita (Hall) (rto c) 
Straparollus (Euomphalus or Schizostoma) subrugosus? Meek 

and Worthen (r) 
Naticopsis? sp. undet., part of lateral face of a whorl 
Cephalopod cf. Metacoceras? sp. undet., fragment (r) 
Griffithides? sp. undet. fragment 

Collections from the Breckenridge limestone member (fossil zone 
1 Tb} .-The Breckenridge member is one of the most fossiliferous 

limestones of the Thrifty formation of the Brazos River valley. 

Good collections may be had at several localities by breaking large 

quantities of rock. 

Five collections were obtained from this limestone. One con­
tained only fusulinids. ' Of the other four, two (7536 and 7537) 

are from Crystal Falls; one (7542) from a locality 4 miles west 
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of Eliasville, on the Donnell ranch; and one (7504) from a locality 

about a mile northeast of Crystal Falls. 

A composite list of collections 7536 and 7537 is given below. 

These collections were obtained from the same locality, below the 

dam at Crystal Falls, from water level up to about 4 feet above 

water level. 

Fusulinids (e) 
Crinoid eolumnals (r to c) 
Echinoid spines (r) 
Fistulipora sp. undet., massive form (r) 
Cyclotrypa? sp. undet. (r) 
Fene&tella? sp. undet., nonporiferous side (r) 
Septopora sp. und et., one fragment 
RhomiJopora lepidodendroides Meek (0) 
Derbya crassa var. texana Dunbar and Condra (r) 
Chonetes granulifer Owen (ve) 
"Productus" (Linoproductus) sp. undet., two fragments 
"Productus" (Dictyoclostus) americanus (Dunhar and Condra) (0) 
Marginifera wabashensis (Norwood and Pratten) (ve) 
Wellerella osagensis (Swallow) (r to c) 
Spirifer (Neospirifer) triplicatus Hall (r to e) 
Crurithyris planoconvexa (Shumard) (a) 
Punctospirifer kentuckyensis (Shumard) (r to e) 
P elecypod, pe·ctinoid form, one fragment 

The following species are contained in collection 7542: 

Fusulinids (c) 
Crinoid columnals (r to c) 
Fistulipora? sp. imdet. (r) 
Rhombopora lepidodendroides Meek (r) 
Derbya crassa texan a ? Dunbar and ' Condra, one fragment 
Chonetes granulifer Owen (r to c) 
"Productus" (Dictyoclostus) sp. undet. (r) 
Marginifera wabashensis (Norwood and Pratten) (r) 
Wellerella osagensis (Swallow) (r to c) 
Spirifer (Neospirifer) triplicatus Hall (r to e) 
Punctospirifer kentuckyensis (Shumard) (r) 
Crurithyris planoconvexa (Shumard) (r to e) 

Collection 7504 was hastily made and is not representative. It 
contains the following species: 

Fusulinids (r to c) 
Cyclotrypa sp. undet. (r) 
Fenestelloid bryozoan (r) 
Spirifer sp. undet., several fragments 
Composita subtilita (Hall) (r) 
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COLORADO RIVER VALLEY 

In accordance with previous general practice, the Thrifty for­
mation in the Colorado River valley is here considered as extend­
ing from the top of the Wayland shale to the top of the Chaffin 
limestone member. It would thus include four limestones from 
which fossils were obtained. These limestones are listed in strati­
graphic order below. 

1 Te.6 Chaffin limestone member. 
2 Te. Thin limestone about 10 feet below Chaffin limestone member. 
3 Tc. Speck Mountain limestone member. 
4 Tc. Bellerophon limestone. 

No animal fossils were collected from the shales between these 
limestones. A collection of plants was obtained by Fred F. Yock­
stick from shales between limestone No. 1 and limestone No. 2 
of the Chaffin member. 

Collection from the Bellerophon limestone {fossil zone 4 Tc} .­
Only one collection, 7572, was made from zone 4 Tc. It came from 
a locality near Walkers Crossing on Colorado River. Sections of 
fossils are very common on the surfaces of the beds at this local­
ity, but recognizable fossils are rare. The following forms are 
contained in this collection : 

Fusulinids (r) 
Crinoid columnals (r to c) 
"Produetus" (Cancrinella) boonensis? (Swallow) (r) 
Marginifera? lasallensis (Worthen) (r) 
Bellerophon? sp. undet., internal molds only (r to c) 

Collection from the Speck Mountain limestone member {fossil 
zone 3 Tc}.-The only collection (7571) obtained from the Speck 

Mountain member came from beds along Camp Creek, about 2% 

miles east and a quarter of a mile south of Rockwood. Fossils are 

rare in this limestone and are difficult to obtain from the matrix 

or in recognizable form. Fossil sections of Compositas are fre­
quently seen on weathered surfaces, however, and crinoid stems, 

though less abundant, are nevertheless rather common. The col­

lection contains the following species: 

8T= Thrifty limestone ; c= Colorado River ,-alley. 
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Crinoid columnals (r) 
Marginifera? wabashensis (Norwood and Pratten) (r) 
Composita subtilita (HaIl) (r) 
Fragments of unidentifiable shells fairly common 

Collections from thin limestone 10 feet below the Chaffin lime­
stone member (fossil zone 2 Tc}_-A limestone only a few inches 
thick occurs 10 feet below the Chaffin ljmestone member and above 
a red shale. It is almost entirely composed of fusulinids, so that 
it might well be called a "fusulinid coquina." 

Three collections were obtained from this zone. Two of them 
were mainly fusulinids. The other, 7570, is listed below: 

Fusulinids (va) 
Crinoid columnals (c) 
Echinoid spines (r to c) 
Polypora sp. undet. (r to c) 
Rhombopora lepidodendroides Meek (c) 
"Product us" (Dictyoclostus) americanus? (Dunbar and Condra) 

fragments 
Spirifer (Neospirifer) triplicatus Hall (r) 
Phillipsia major Shumard (r) 

Collections from Chaffin limestone member (fossil zone 1 Tc).­
Three collections were made from the Chaffin limestone member. 
One of them was composed wholly of fusulinids. The other two 
are reported below. Collection 7558 came from the type locality, 
the Chaffin farm, near the Chaffin crossing of Colorado River. The 
other, 7569, came from beds along Camp Creek on the Connolly 
farm, about 2112 miles east of Rockwood. 

The following list shows the forms in collection 7558. This col­
lection is not representative, as only a short time was spent in 
obtaining it. 

Crinoid stems (r) 
Fenestelloid bryozoan (r) 
"Productus" (Juresania) nebrascensis? Owen, very young (r) 
"Productus" (Echinoconchus) sp. undet., fragment 
Spirifer (Neospirifer) triplicatus Hall (r) 

Collection 7569 is larger .and more nearly representative. It 
contains the following forms: 

Fusulinids (r to c) 
Crinoid columnals (r to c) 
Echinoid spines (r) 
Fistulipora sp. undet. (r to c) 
Cyclotrypa? sp. undet. (r to c) 
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Polypora sp. undet. (r) 
Rhombopora lepidodendroides Meek (c) 
Chonetes granulifer transversalis Dunbar and Condra (r) 
"Productus" (Dictyoclostus) americanus (Dunbar and Condra) (r) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Spirifer sp. undet., fragments of very young (r) 

CORRELA TION OF MEMBERS OF THE THRIFTY FORMATION 

Plummer and Moore corr'elate the Breckenridge and Blach Ranch 
limestones of the Brazos River valley with the upper and lower 
parts of the Chaffin limestone member of the Colorado River val­
ley, which bifurcates in the Colorado River valley north of the 
area studied by Nickell. They do not give the basis for their cor­
relations and do not attempt to correlate individually other lime­
stones included by them in the Thrifty formation. 

All the Thrifty limestones are thin. None of them is very fos­
siliferous, and none contains a fauna so distinctive that it can be 
recognized in more than one area. With one or two exceptions, 
all the species found in these limestones are rather long-ranging 
forms. The excepted species occur only in one or the other of the 
two outcrop areas. There is, then, no adequate basis indicated by 
t~e author's collections for the faunal correlation of individual 
beds within the Thrifty formation. 

The only two limestones that contain faunas of any notable size 
are the Blach Ranch and Breckenridge limestones of the Brazos 
River area. No bed in the Colorado River valley has a fauna as 
large as either of these beds, but the fauna of the Chaffin lime­
stone member of that area most nearly approaches these two more 
northerly faunas in size. 

It is thus evident that the author's data are insufficient either to 
confirm or to controvert correlations previously made. 

Certain lithologic resemblances seen in the field and again noted 
in the laboratory exist between the Bellerophon and Ivan lime­
stones, between the Speck Mountain and Blach Ranch limestones, 
and between the Chaffin limestone member and the Breckenridge 
limestone. These resemblances have, however, very little if any 
weight in correlation, because of the common variability of thin 

Pennsylvanian limestones and because of the great distance between 

the Brazos River and Colorado River outcrop areas. 
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FAUNAL MEANS O~ DIFFERENTIATING THE THRIFTY 
FROM ADJACENT FORMATIONS 

The faunal differences between the Thrifty formation and the 
subjacent Graham formation are so striking that the two can be 
easily distinguished. These differences are especially well shown 
by the shales. The shales of the Graham are, in the main, very 
fossiliferous; those of the Thrifty are unfossiliferous. The Thrifty 
shales are more generally reddish or purplish or grayish than the 
Graham shales, most of which are light yellow·brown. Some shales 
in the Graham are, however, dark gray and therefore resemble 
some shales in the Thrifty. 

Like the shales, the Thrifty . limestones are on the average more 
sparsely fossiliferous than the Graham limestones. 

As shown by the fossil lists previously given many species and 
genera, especially of pelecypods and gastropods, that are common 
in the Graham are not present in the Thrifty. Mostly because of 
this difference, but partly also because of an increasing abundance, 
Bryozoa, including especially Rhombopora lepidodendroides Meek, 
and brachiopods, including especially "Product us" (Dictyoclostus) 
americanus (Dunbar and Condra), and Marginiferas, are relatively 
more numerous in the Thrifty. The author's collections show no 
species in the Thrifty that is not present in the underlying Graham. 

The faunal differences between the Thrifty and the superjacent 
Harpersville formation are considered in the discussion of the 
Harpersville. 

OUTSIDE CORRELATION OF THE THRIFTY FORMATION 

Most of the species in the author's collections from the Thrifty 
are relatively long-ranging forms, and they therefore supply little 
evidence for the correlation of the Thrifty with formations outside 
of north-central Texas. The position of the Thrifty above the 
Graham, which is probably as young as Lansing, would make the 
Thrifty of Lansing age or younger. It is possible that the Thrifty 

might be as young as the Wabaunsee of the Mississippi Valley 

region, but, though the writer's evidence is not at all conclusive, 

it does give a slight suggestion that the Thrifty is more prob­
ably older than the Wabaunsee. This suggestion is based largely 
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on three species which, although reported from the Wabaunsee and 
higher beds, are more characteristic of beds below the Wabaunsee 
than of the Wabaunsee itself. These are Marginifera wabashensis, 
Marginifera lasallensis, and Squamularia perplexa. 

COLLECTIONS FROM THE HARPERSVILLE FORMATION 

The Harpersville formation, though more fossiliferous than the 
Thrifty, is much less fossiliferous than the Graham. Fossils are 
more abundant in the upper beds than in the lower, but good col· 
lections were obtained from most of the beds in the Brazos River 
valley. The beds of the Colorado River area are as a rule less 
fossiliferous than those of the Brazos River area. 

The most widely accepted interpretation of the Harpersville 
formation includes in it all beds between the top of the Brecken· 
ridge limestone and the top of the Saddle Creek limestone. This 
interpretation is followed here. . Eighteen collections were made 
from this formation in the Brazos River valley and 10 from beds 
referred to in the Colorado River valley. 

BRAZOS RIVER VALLEY 

The following members, arranged in stratigraphic order, yielded 
fossils in the Brazos River valley : 

I Rb. 7 Saddle Creek limestone member. 
2 Rb. Myalina-bearing limestone. 
3 Rb. Belknap limestone member (green crystalline bed ) . 
4 Rb. So-called "Waldrip limestones." 
5 Rb. So-called "Upper Crystal Falls limestone." 
6 Rh. Crystal Falls limestone member. 
7 Rb. "CI" limestone bed of maps. 

Collections from "Cl" limestone beds of maps (fossil zone 7 
Hb}.-Two collections were made from zone 7 Hb. One contained 
only fusulinids . The other collection, 7538, which is listed below, 
was obtained ' south of the pump house about half a mile north of 
Crystal Falls., 

Fusulinids (c) 
Crinoid columnals (r to c) 
Echinoid spine (r) 

7H=: Harpersville formation; b= Brazos River vaney. 
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Fenestella? sp. undet., nonporiferous specimens (r) 
Rhombopora lepidodendroides Meek (c) 
Chonetes granulifer Owen (r), some very young 
Derbya? sp. undet., young individual (r) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Straparollus (Euomphalus or Schizostoma) sp. undet. (r) 

Collections from Crystal Falls limestone member.-Four collec­
tions were made from the Crystal Falls limestone member. Two 
collections were composed of fusulinids. One of the others, 7539, 
came from beds along the railroad at Crystal Falls, and the other, 
7541, came from the Donnell ranch, about 4 miles west of Elias­
ville. Collection 7539 contains the following species : 

Fusuli nids (vel 
Crinoid stems (vc) 
Fenestelloid Bryozoa (c) 
Polypora sp. undet. (r to c) 
Septopora? sp. undet. (r) 
Rhombopora lepidodendroides Meek (a) 
Derbya wabaunseensis? Dunbar and Condra (r) 
Derbya sp. undet., very young individual (r) 
Chonetes granulifer Owen (r to c) 
"Productus" (Juresania) nebrascensis? Owen, young? (r) 
"Productus" (Echinoconchus) semipunctatus moorei? Dunbar 

and Condra (r) 
"Productus" (Linoproductus) prattenianus Norwood and Prato 

ten (r) 
"Productus" (Dictyoclostus) americanus (Dunbar and Condra), 

one crushed individual 
Marginifera? lasallensis (Worthen) (r) 
Spirifer (Neospirifer) triplicatus Hall (c) 
Crurithyris planoconvexa (Shumard) (r) 
Composita subtilita (Hall) (r to c) 
Myalina sp. undet. 

The following species were identified In collection 7541: 

Fusulinids (r to c) 
Crinoid stem joints and plates (c) 
Chonetes granulifer Owen (r to c) 
Derbya sp. tIndet., large form, one poor dorsal valve 
Derbya sp. undet., piece of a small ventral valve 
"Productus" (Echinoconchus) sp. tIndet., part of one dorsal valve 
"Productus" (Linoproductus) sp. tIndet., fragment 
Spirifer (Neospirifer) triplicattIs Hall (c) 

Collections from the so· called "Upper Crystal Falls limestone" 

(fossil zone 5 Hb}.-Four collections were studied from zone 5 

Hb; two, 7547 and 7593, came from the Donnell ranch, 4 miles 

west of Eliasville; and two, 7540 and 7540A, from Crystal Falls. 
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The following list of species combines those in collections 754,0 
and 7540A. The Upper Crystal Falls at the locality of these col­
lections consists of two limestone beds separated by a shale part­
ing and has a total thickness of 38 to 40 inches. Collection 754,OA 
came from the parting. The surfaces of the limestone beds are 
covered with shell fragments and crinoid stems. Many fragments 
are of Myalinas. 

Fusulinids (r to c) 
Crinoid stems (c) 
Echinoid spines (r) 
Tabulipora? sp. undet. (r) 
Rhombopora lepidodendroides Meek (c) 
Derbya sp. undet., possibly D. ciscoensis Dunbar and Condra, 

one fragment 
Chonetes granulifer Owen (r) 
Chonetes granulifer meekianus ? Girty (r to c) 
"Productus" (Juresania) nebrascensis ? Owen, fragments only (c) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Composita? subtilita (Hall) (r) 
Myalina sp. undet., fragments only (c) 
Pseudorthoceras knoxense (McChesney) (r) 

Collection 7547 came from a locality near a tank on the Donnell 
ranch. It contains the following species : 

Horn coral, unidentifiable fragments (r to c) 
Crinoid columnals (vc) 
Echinoid spines (r) 
Fenestella? sp. undet. (r) 
Rhombopora lepidodendroides Meek (r to c) 
Derbya ciscoensis? Dunbar and Condra, young only (r to c) 
Chonetes granulifer Owen (c) 
Chonetes granulifer meekianus? Girty (r) 
"Productus" (Juresania) nebrascensis Owen (r) 
"Productus" (Echinoconchus) semipunctatus moorei (Dunbar and 

Condra) (r) 
Spirifer (Neospirifer) triplicalus Hall (r to c) 
Leda ? sp. undet. (r) 
Allerisma terminale? Hall, one internal mold 
Gastropod fragments (r) 

Collection 7593 was made by Wallace Lee. It is labeled "Wagon 
Timber Branch, Donnell ranch." It contains one specimen, on 
which are crinoid stems and part of the pygidium of "Griffithides" 
sp. undet. 

Collections from so-called "Waldrip limestones" (fossil zone 4 
Hb}.- Three . limestones occurring in the Colorado River valley 
have been called by geologists "Waldrip limestones Nos. 1, 2, and 
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3," or " upper, middle, and lower Waldrip beds." In the Brazos 
River valley, geologists working on the hypothesis that all three 
of those limestones continue northward have designated three lime­
stones as the "upper, middle, and lower Waldrip limestones." A 
collection of fossi ls was obtained from only one of the three beds 
in the Brazos River valley. This collection (7549) came from an 
8- to lO-inch bed of soft, crumbly brown limestone, exposed about 
8 inches above a thin coal on Wagon. Timber Branch about 7% 
miles west of Eliasville. The list is as follows: 

Fusulinid, one specimen seen in field (r) 
Crinoid columnal s (a) 
Rhombopora lepidodendroides Meek (r to c) 
Enteletes hemiplicatus (Hall) (r) 
Derbya sp. undet., one fragment (r) 
Chonetes granulifer Owen (r to c) 
"Productus" (Dictyoc!ostus) americanus (Dunbar and Condra) 

var. A? (r to c) 
SpirHer (Neospirifer) triplicatus Hall (r to c) 

Although no fossi ls were collected from the lower limestone, 
they were observed on the surface of a lower bed exposed along 
Wagon Timber Branch. Crinoid stem JOInts were common. 
Echinoid spines and a Chonetes, probably C. granulifer meekianus 
Girty were also observed. 

Collections from the Belknap limestone member (fossil zone 3 . 
Hb) .- Five collections were made from the Belknap limestone 
member. One, 7543, came from beds along the road to Crystal 
Falls about 7 miles west of Eliasville; another, 7596, was obtained 
along the same road but only about 5 miles west of Eliasville; 
two others, 7521 and 7545, the largest · collections made, and a 
fifth collection, composed mainly of fusulinids, came from the 
Vick ranch, about 12% miles west of Graham. 

The following composite list shows the species in collections 
7521 and 754.5. These two collections came from the same horizon 
and precisely the same locality, on a ranch road west of the Nash. 
& Wi~dfohr oil pool on the Vick ranch. 

Fusulinids (c) 
Lophophyllum profundum (Edwards and I-Iaimel (c) 
Lophophyllum profundum radicosum Girty (r to c) 
Crinoid stems and plates (a) 
Echinoid spine (r) 
Fistulipora? sp. undet. (r to c) 
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Cyclotrypa sp. undet. (ve) 
Fenestella? sp. undet. (r) 
Polyp ora sp. undet. (r to c) 
Pinnatopora sp. undet. (r) 
Septopora sp. undet. (c) 
Rhombopora lepidodendroides Meek (r) 
Enteletes hemiplicatus Hall (r) 
Derbya cymbula? Hall and Clarke, dorsal valves only (r) 
Derbya wabaunseensis? Dunbar and Condra, fragments of large 

ven tral valves (r) 
Chonetes granulifer Owen (c) 
Chonetes granulifer meekianus? Girty (r to c) 
"Productus" (Juresania) nebrascensis Owen (r to c) 
"Prod uctus" (J uresania) nebrascensis? Owen var., unusually 

large variety close to P. symmeLricus (c) 
"Productus" (LinoproducLuS) praLtenianus Norwood and Pratten 
" Productus" (DictyocloSLlIS) americanus (Dunbar and Condra) 

(r to c) 
Marginifera? sp. undet., crushed specimen (r) 
Rhyn chopora sp. undet., (r) 
Spirifer (Neospirifer) triplicatus Hall (c) 
Spirifer (Neospirifer) kansasensis Swallow (r) 
Punctospirifer cf. P. kentuckyensis (Shumard) (r to c) 
Pinna? sp. undet., large form (r to c) 
P seudomonotis? cf. P. hawni Meek and Hayden (r) 
Aviculipecten herzeri Meek (r) 
Deltopecten vanvleeti (Beede) (r) 
Allerisma tenninale Hall (r) 

Collection 7543 came from two 8- to lO-inch beds of green, 
finely crystalline argillaceous limestone. These beds are separated 
by 12 to 18 inches of blue-gray clay. Species in this collection 
are as follows: 

Fusulinids (r to c) 
Horn corals, unidentifiable fragments (r to c) 
Crinoid columnals, large and small (vc) 
Delocrinus hemisphericus (Shumard) (r) 
Fistulipora? sp. undet. (r) 
FenesteUa? sp. undet. (r) 
Polypora sp. undet. (r) 
Rhombopora lepidodendroides Meek (c) 
Enteletes hemiplicatus (HaIl) (r) 
Cbonetes granulifer Owen (c) 
Chonetes granulifer meekianus? Girty (r) 
"Productus" (J uresania) nebrascensis Owen ( (r to c) 
"Productus" (Linoproductus) prattenianus Norwood and Pratten 

(r to c) 
"Prodllctus" (Dictyoc!ostus) americanus (Dunbar and Condra) 

(r to c) 
Marginifera wabashensis? (Norwood and PraUen) (r) 
Spirifer (Neospirifer) triplicatus Hall (r) 
Pinna? sp. undet., rather large form (r to c) 
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Collection 7596 came from beds along the road between Elias­
ville and Crystal Falls, at a point about 5 miles west of Elias­
ville. It was obtained by Wallace Lee and consists of only one 
specimen, a large, robust individual of Enteletes hemiplicatus 
(Hall ) . 

Collections from Myalina-bearing limestone (fossil zone 2 
Hb.}.- This Myalina-bearing limestone is said to be a rather per­
sistent horizon marker. One collection, 7534, was obtained from 
it at an outcrop along a small stream west of the road about 5 
miles almost due north of Crystal Falls. Myalinas are 'abundantI 
the bed being almost a coquina of them. Only one species was 
recognized, Myalina subquadraJa Shumard. Most of the specimens. 
are large, an average height being about 3V2 inches. 

Collections from the Saddle Creek limestone member (fossil" 
zone 1 Hb}.- At the localities from which collections were made 
the Saddle Creek limestone is r ecognizable by the large number 
of crinoid stems and plates and echinoid spines and plates that 
weather out from it. Most of the crinoid stems are small. In places 
the thin limestones are r educed by weathering to crumb.ly masses 
of crinoid and echinoid fragments. In other places they cover the 
shale slopes for some distance below the outcrops. 

Two collections were made from this member. One, 7535, came 
from a locality about 3 miles north and 3 miles west of Crystal 
Falls ; the other , 7544, from a locality about 5V2 miles north and 
an eighth of a mile east of Crystal Falls. 

Collection 7535 contains the following species : 

Crinoid stems and plates (vc) 
.Echinoid spines and pla.tes (c) 
Fenestella sp. undet. (1' to c) 
Rhombopora lepidodendroides Meek (1' to c) 
"Productus" (Linoproductus) sp. undet., fragment of a large 

- form (1' ) 
Spirifer (Neospirifer ) triplicatll s Hall (1' ) 
Comnosita subtilita (Hall) (1' to c) 
Myalina sp. undet., fra gments (1' to c) 

The foll owing is a list of species comprised In collection 7544: 

Crinoid stems and pla tes (vc) 
Echinoid spines (1' lo c) 
Septopora sp. undet., fragment (r) 
Rhombopora lepidodend1'oides Meek (1' ) 
"Produclus" (LinoproducluS) sp. undet., fragment 
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COLORADO RIV ER V ALLEY 

In the Colorado River valley fossils were obtained from the fol­
lowing subdivisions of the Harpersville formation : 

1 Hc.8 Saddle Creek limestone member. 
2 He. Waldrip limestone No.3. 
3 He. Waldrip limestone No.2. 
4 He. ~ed shale. 
S He. Waldrip limestone No. 1. 

Collections from Waldrip limestone No.1 (fossil zone 5 Hc) .­
Two collections were made from the Waldrip limestone No. l. 
Both of them came from a barnyard east of the south end of a 
bridge on the north edge of Rockwood. One of these collections 
consisted entirely of fusulinids. The other collection, 7568, is listed 
below. This limestone is but sparsely fossiliferous. 

Fusulinids (vc) 
Crinoid columnals, large and small (vc) 
Fistulipora? sp. undet. (r) 
Cystodictya sp. undet. (r to c) 
Enteletes sp. undet., fragment of large individual (r) 
"Praductus" (Linoproductus) d . P . prattenianus Norwood and 

Pratten (r) 
Spirifer (Neospirifer) triplicatus Hall, fragments common 

Collection from a red shale between Waldrip limestones N {)s. 1 
and 2 (fossil zone 4 Hc}.-A collection of fossil plants was made 
from zone 4 Hc at ·a locality west of the cotton gin at Rockwood. 

Collection from Waldrip limestone No. 2 (fossil zone 3 Hc).­
Two collections were made from the Waldrip limestone No.2. Both 
came from the same locality, the first projecting point on the east 
side of the first gully west of the cotton gin at Rockwood. · One 
consisted chiefly of microfossils. The other one (collection 7562) 
is here listed. 

Fusulinids (r to c) 
Crinoid columnals (c) 
Crinoid arm plates (r to c) 
Echinoid spines (r) 
Fistulipora? sp. undet. (r) 
Cystodictya sp. undet. (r to c) 
Septopora sp. undet. (r) 
Rhombopora lepidodendroides Meek (a) 

8H= Harperville formation; c= Colorado River valley. 
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"Productus" (J uresania) nebrascensis? Owen, two dorsal valves 
Spirifer (Neospirifer) triplicatus Hall (c) 
Spirifer (Neospirifer) kansasensis Swallow (r) 
Composita subLilita ovata (Mather) (a) • 
Pinna? sp. und~., large form (r) 
Allerisma terminale Hall (r to c) 
Bellerophon? sp. undet., internal mold (r) 

Collections from Waldrip limestone No. 3 (fossil zone 2 Hc).­
Two collections were made from the Waldrip limestone No.3 near 
Rockwood. The bed is very sparsely fossiliferous, and fossils are 
obtained with difficulty. One of the collections consisted mainly of 
fusulinids and very small fossils. The other one (collection 7563) 
IS listed below. 

Fusulinids, common as sections on slabs 
Crinoid columnals, many small and few large ones (c) 
Cbonetes fiemingi alata? Dunbar and Condra (r) 
Chonetes granulifer? Owen (r) 
Marginifera? sp. undet., fragment (1') 
Spirifer (Ncospirifer) triplicatus ? Hall, fragment (r) 
Astartella? sp. undet., one .specimen (1') 

Collections from the Saddle Creek limestone member (fossil zone 
1 Hc}.-Three collections were made from the Saddle Creek lime­
stone of the Colorado River valley. One contained only fusilinids. 
Neither of the other collections is very large. At the two localities 
frorq which the collections came the Saddle Creek is. very sparsely 
fossiliferous, and at no other locality on Colorado River at which 
the writer saw it did it appear to contain numerous fossils. Col­
lection 7565 came from a point across Colorado River from what 

the author was told was the mouth of Saddle Creek. If so, the 

locality is very near the type locality of the member. The species 

In this collection are as follows: 

Fusulinids (1') 
Axophyllum rude? White and St. 10hn (c) 
Crinoid stems (1') 
Echinoid spine (1') 
Fistulipora sp. undet., massive form (1') 
Chonetes granulifer Owen (1') 
"Productus"? sp. undet. (1') 
Marginifera wabashensis ? val'. A (r) 
Spirifer (Neospirifer) triplicatus Hall (1' to c) 
Puntospirifer kentuckyensis (Shumard) (r) 
Composita subtilita (Hall) (c) 
Econospira? sp. undet., internal mold (r) 
Bellerophon? sp. undet., internal molds (r to c) 
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Collection 7564 was obtained from a ridge west of Rockwood. 
The species identified are given in the following list : 

Crinoid stems (r) 
FenesteJ] oid Bryozoa on slabs (r ) 
Axophylltlm? sp. tlndet., fragment (r) 
Spirifer (Neospiri£er ) triplica ttls Hall (r ) 
Composita sublilila (HaJ] ) (r to c) 
Gastropod sections on slabs (r) 

CORRELATION OF MEMBERS OF THE HARPERSVILLE · 
FORMATION 

The lack of reliable results usually obtainable in attempting to 
make fa unal correlations befween thin limestones within forma­
tions, of whatever age, is well shown by the collections from the 
Harpersville forma tion. Few of the limestone beds in the Harpers­
ville of the Brazos River valley have many species in common with 
beds of the Harpersville of the Colorado River valley. The species 
that are common to beds in the~e two areas are long-ranging and 
hence of comparatively small correlative value. The collections 
here studied indicate, as is of course well known, that under such 
conditions as exist in this area a large number of common species 
is not necessarily a valid basis for correlation. As so many of the 
species making up the collections are long-ranging, it would nat­
urally be expected that one large collection would have more 
species in common with another large collection than with a small 
collection, regardless of age. The effect, if correlations were made 
solely on number of common species, would be virtually to base 
correlations on the degree to which a bed was fossiliferous. Such 
a basis may furnish trustworthy results, but on the other hand it 
may give results that are easily seen to · be in error. 

However, there seems to be a reasonably good paleontologic 
basis for correlating the Belknap limestone of the Brazos River 
valley with the Waldrip No.2 limestone of the Colorado River 
valley, even if the evidence from the number of common but long­
ranging species is partly discounted. About 80 per cent of the 
fauna of the Waldrip No. 2 limestone occurs in the Belknap, and 
over 30 per cent of the fauna of the Belknap occurs in the Wal­

drip o. 2 limestone. In addition, the distribution of classes and 

orders is nearly the same in both. Both have rather large bryozoan 
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and brachiopod faunas and subordinate but more or less similar 
pelecypod faunas. Added strength is given to this evidence for 
correlation by the occurrence in both beds of Spirifer (Neospirijer) 
kansasensis (Swallow), a brachiopod species that is as yet known 
in northern Texas only from these two beds. As before stated, cor­
relations from evidence like that given are susceptible to modifi­
cation or even nullification by new information, but, for that mat­
ter, so are all conclusions regarding correlation. 

The Saddle Creek limestone of the Brazos River valley lacks the 
coral Axophyllum rude? White and St. John, which is common in 
the Saddle Creek of the type region (Colorado River valley), and 
the Saddle Creek of the Colorado River region lacks the relatively 
great abundance of crinoids and echinoid spines, stems, and plates 
that occur at the outcrops of the Saddle Creek of the northern 
area. Otherwise the faunas do not differ greatly. Fossils are rela­
tively scarce in both areas. 

Plummer and Moore give a rather large fauna from a shale 
below the Saddle Creek of the Colorado River area. The author 
does not have collections from this shale. 

If the Saddle Creek and Belknap of the Brazos River valley are 
the same respectively as the Saddle Creek and Waldrip No. 2 
limestone of the Colorado River valley, then the Waldrip No.3 
limestone is not present in the Brazos River valley and the Myalina­
bea: ing bed is not present in the Colorado River valley. 

No data that are not manifestly inadequate are afforded by the 
author's collections for the correlation of the limestones or other 
zones of the Harpersville below the Belknap of the Brazos River 
area and below the Waldrip No. 2 limestone of the Colorado 
River area. 

FAUNAL DATA FOR DISTINGUISHING THE HARPERSVILLE 
FROM ADJACENT FORMATIONS 

Although the Harpersville faunas differ in a general way in 
several respects from the faunas of the underlying Thrifty formation, 
the differences are not so clear that they can always be used in 
drawing a precise contact. Of use in a general way, however, are 
the greater proportion and variety in the Harpersville of Bryozoa, 
especially the Cystodictyas of the Colorado River area and the 
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fenestelloids; the greater proportion of brachiopods, especially of 
"Productus" (Dictyoclostus) americanus. Chonetes granulifer var. 
approaching meekianus, large species of Derbya, and Enteletes 
hemiplicatus; and the greater proportion of certain - pelecypods, 
such as large Pinnas and Allerisma terminale. 

The Harpersville is the lowest formation represented in the 
author's collections in which occur Derbya wabaunseensis, D. cis­
co ens is, D. cymbula, Chonetes granulifer val'. approaching meek· 
ianus, "Productus" (Echinoconchus) semipunctatus var. moorei, 
5 pirifer (N eos pirifer) kansasensis, Delto pecten vanvleeti and 
Aviculopecten herzeri. The second ' species of this list has, how­
ever, been reported from the Thrifty by Dunbar and Condra, and 
the fourth has been reported from the Graham by two or three 
writers. 

The differences between the Harpersville fauna and the fauna of 
the overlying Pueblo are discussed in connection with that for­
mation. 

OUTSIDE CORRELATION OF THE HARPERSVILLE 
FORMATION 

The Harpersville faunas are more closely related to the Wabaun­
see than to any other group in the northern Midcontinent region. 
A great many species are common to these two stratigraphic units, 
and some of the common species are not known below either zone. 
Wabaunsee species that, so far as the writer can ascertain, occur 
in the Harpersville but are not known in the Texas section below 
the Harpersville are Derbya wabaunseensis, "Productus" (Echino­
conchus) semipunctatus moorei, and Spirifer (Neospirifer) kansas­
ensis. Some Harpersville species, however, range up into the beds 
currently referred to the Permian ' in Nebraska and Kansas. 

COLLECTIONS FROM THE PUEBLO FORMATION 

The Pueblo formation as here considered includes all beds from 
the top of the Saddle Creek limestone up to the top of the Camp 
Colorado limestone. A very short time was spent in collecting from 
these beds, and the collections reported are probably not repre­
sentative. Only one collection was obtained from the Brazos River 
valley. Five collections were made in the Colorado River valley. 
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BRAZOS RIVER V ALLEY 

Camp Colorado limestone member.-The only collection from 
the Pueblo formation of the Brazos River valley carne from the 
Camp Colorado limestone. It was obtained by Wallace Lee at a 
locality about 4 miles east of ,Woodson. This collection, 7554, 
contains the following species: 

Crinoid stems (c) 
Crinoid plates (r) 
Rhombopora lepidodendroides Meek (r to c) 
Derbya multistriata ? (Meek and Hayden), fragments 
"Productus" (J uresania) nebrascensis Owen 
Astartella concentr ica (Conrad) var.? 
Myalina C£. M. permiana Swallow 

COLORADO RIVER VALLEY 

The fo llowing beds in the Pueblo formation yielded collections 
in the Colorado River valley. The beds are arranged in strati­
graphic order. 

1 Pc.9 Camp Colorado limestone member. 
2 Pc. Limestone 60 feet below the Camp Colorado limestone. 
3 Pc. Drake's bed No. 13 ("limestone with yellow chert") , the Stockwether 

lim estone member of Plummer and Moore. 
4 Pc. Thin limestone about 20 feet above Saddle Creek limestone member 

of Harpersville formation. 

These units differ somewhat from those given by Plummer and 
Moore for the P ueblo of the Colorado River valley. 

Collection from a thin limestone about 20 feet above Saddle 
Creek limestone member (fossil zone 4 Pc).- A collection com­
posed almost entirely of "Productus" (Linoproductus) prattenianus 
var. magnispinus was obtained from a thin limestone exposed on 
the side of a h ill capped by the Coon Mountain sandstone mem­
ber. The exposure is along a dry tributary of Colorado River, 
about 2Y2 mi les west of the point where the concrete road to the 
southwest of Rockwood crosses Bull Creek. The limestone is about 
12 feet below the Coon Mountain sandstone and within th,e Camp 
Creek shale member. It is the second or third thin limestone 
above the Saddle Creek. The species in this collection, 7566, are 

as follows : 

9P =Pueblo formation; c= Colorado River valley. 
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Crinoid stems (r) 
"Productus" (J uresania) nebrascensis Owen (r to c) 
"Productus" (Linoproductus) prattenianus Norwood and Pratten 

(r to c) 
"Productus" (Linoproductus) prattenianus magnispinus (Dunbar 

and Condra) (a) 
Spirifer (Neospirifer) triplicatus Hall (r) 

Collections from Drake's bed No. 13 ("limestone with yellow 
chert") , the Stoekwether limestone member of Plummer and Moore 
(fossil zone 3 Pc).-Only one collection, 7567, was made from 
zone 3 Pc. It came from exposures along a road, on the north 
bank of Colorado River, about 3lh miles (map distance) west of 
Waldrip. 

Fusulinid (r) 
Crinoid stems (c) 
Echinoid spine (r) 
Cyclotrypa sp. undet. (r) 
Chonetes granulifer var. near meekianus Girty (r) 
"Productus" (Juresania) nebrascensis Owen (r ) 
Marginifera wabashensis? (Norwood and Pratten ) var. A., (c) 
Spirifer (Neospirifer} triplicatus Hall (r) 
Composita subtilita (Hall) (e) 

Collection from thin limestone 60 feet below Camp Colorado 

limestone member (fossil zone 2 Pe).-One collection, 7579, was 

made from zone 2 Pc by F. F. Yockstick. It came from a promi­

nent hill about half a mile north of Colorado River, at the west 

edge of the Waldrip quadrangle. The only species in the collec­

tion is Allerisma terminale Hall. 

Collection from the Camp Colorado limestone member {fossil 

zone 1 Pe).- Only one collection, 7585, was made from the Camp 

Colorado limestone member of the Colorado River area. It was 

obtained by F. F. Y ockstick at a locality about 4lh miles south­

east of Gouldbusk. 

Horn corals, fragments, undet. 
Crinoid stems 
Tabulipora sp. undet. 
Fenestelloid bryozoan 
Derbya wabaunseensis Dunbar and Condra, one dorsal valve 
Chonetes granulifer Owen 
"Productus" or Marginifera sp. undet. 
Crurithyris planoconvexa (Sbumard) 
Composita subtilita (Hall) 
Pinna? • sp. undet. 



Stratigraphic and Paleontologic Studies 215 

CORRELATION OF MEMBERS OF THE PUEBLO 
FORMATION 

The collections from the Pueblo formation are too small and 
too lacking in distinctive characters to allow correlations to be 
made between the members in the Brazos and Colorado River sec­
tions_ Plummer and Moore correlate the Camp Colorado limestones 
of the two areas. The author's collections from these two beds 
are very dissimilar, but as the coliectionSi are small these dissimi­
larities are probably not significant. 

The faunas of the Pueblo are not very different from those of 
the underlying Harpersville, and therefore faunal criteria have· not 
been used in drawing contacts between the two formations. 

The collec tions from the overlying Moran formation are so in­
complete that they are insufficient for a discussion of the faunal 
relations of the Moran and Pueblo formations . 

OUTSIDE CORRELATION OF THE PUEBLO FORMATION 

The position of the Pueblo above the Harpersville (which is 
here thought to be of Wabaunsee age) makes the Pueblo itself 
Wabaunsee or younger. The slight evidence for a closer correla­
tion afforded by the author's collections is somewhat con tradic­
tory. Derbya wabaunseensis is, as the name suggests, characLer­
istic of the Wabaunsee group. So also is "Productus" (Linopro­

ductus) prattenianus magnisl'inus. On the other hand, Derbya 
multistriata and Myalina permiana are more characteristic of beds 
in the northern Midcontinent region now regarded by ·Dunbar and 
Condra as Permian. The strength of the evidence from these last 
two species is diminished, however, by the fact that both are ques­
tionably identified. Other species in the rather meager collections 
are not helpful in distinguishing between late Wabaunsee and early 
P ermian (as considered by Dunbar and Condra and others) . 

COLLECTIONS FROM THE MORAN FORMATION 

-With one exception, all collections from the Moran formation 
came from the Colorado River valley, which was the only area in 
which the wri ter was able to study it even casually. The excepted 
collection (7555) came from an unknown horizon near the base 
of the Moran. It was obtained by Wallace Lee at an exposure in 
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the bed of a stream south of the road and about 200 yards from 
a bridge about 3 miles east of Woodson. The bed that yielded it 
is a brownish·red to red argillaceous limestone, which is almost a 
coquina of unidentifiable pelecypods and Bellerophon.like gas­
tropods. 

COLORADO RIVER VALLEY 

The following beds in the Moran formation of the Colorado River 
valley yielded collections. The beds are listed in stratigraphic 
order. 

1 Mc.10 Sedwick limestone member. 
2 Mc. Limestone below Sedwick limestone. 
3 Mc. Shale, 8 feet above Horse Creek limestone. 
4 Mc. Thin limestone 5 feet above Horse Creek limestone. 
5 Mc. Horse Creek limestone member. 

Collections from the Horse Creek limestone member (fossil zone 
5 Mc}.-One collection, 7577, was made from the Horse Creek 
limestone member. It came from beds along a road about 71/2 
miles southwest of Gouldbusk, about 100 to 200 feet east of the 
point where the road crossed Panther Creek. 

Axophyllum? sp. undet. (c) 
Crinoid stems (c) 
FenesteIIoid Bryozoa (r to c) 
Chonetes sp. undet. (r) 
Productoid shell (r) 
WeIlereIIa? sp. undet. (r to c) 
Composita subtilita (Hall) (c) 
Gastropods, indeterminate (r) 

Colleciions from a thin limestone 5 feet above Horse Creek lime­
stone member (fossil zone 4 Mc}.-A collection was made from 
an exposure in a gully tributary to P anther Creek, about 7lh miles 
southwest of Gouldbusk. It came from a 4· to 6-inch argillaceous 
limestone 5 feet above the Horse Creek member. The species iden­
tified in the collection, ~hich is No. 7575, are as follows: 

Sponge spicules (r) 
Crinoid columnals (a) 
FenesteIla, two or three species (a) 
Rhombopora lepidodendroides Meek (r to c) 

lOM= Moran formation; c= Colorado River valley , 
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Other Bryozoa (r to c) 
Derbya sp. undet., fragments of large form (r) 
Meekella striatocostata (Cox) (r) 

Collection from a shale 8 feet above Horse Creek limestone mem­
ber (fossil zone 3 Me).-Collection 7574 was obtained at the 
.. arne locality as collection 7575, but from a slightly higher zone 
(zone ' 3 Me), in a shale bed. The collection came from 6 to 8 
inches of shale which is literally crowded with "Productus" (Die­
.yoclostus) . 

Fistulipora sp. undet. (r) 
Fenestelloid Bryozoa (r to c) 
Derbya, a large ancl a small? species 

. Meekella striatocostata (Cox), two large individuals 
"Productus" (Dictyoclostus) americanus (Dunbar and Condra) 

var. A. (a) 
Myalina cf. M. permiana Swallow (r) 

Collection from a limestone below Sedwick limestone member 

(fossil zone 2 M c).-A blue to " iron-rust" yellow or brown lime­

stone about 11/2 feet thick occurs between fossil zone 3 Me and 

the Sedwick limestone. This limestone contains many clay pellets. 

It is estimated to be from 35 to 40 feet above the Horse Creek 

limestone. A collection, 7576, was made from it along Panther 

Creek, near locality 7577, as follows: 

Echinoid spine (r) 
Astartella? sp. undet., fragments of a small form 
Aviculipecten? sp. undet., fragments 
Gastropods, undeL. (r) 
Fish teeth (r to c) 
Sections of indeterminate fossils on surface of bed (c) 

Collection from the Sedwick limestone member (fossil zone 1 

Me).-One collection, 7584, was made from the Sedwick limestone 

member by Fred F. Y ockstick after the writer had left the field. 

The locality from which it came is on the west side of Panther' 

Creek about 71;2 miles southwest of Gouldbusk. 

Crinoid stems (vc) 
Echinoid spines and plates (r to c) 
Fenestella? sp. undet. (r) 
Derbya? sp. undet., fragment of young (r) 
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"Product us" (Dictyoclostus) americanus (Dunbar and Condra) 
var. A .(e) 

Pinna? sp. undct., large form (e) 
Myalina d. M. permiana Swallow (r to e) 
Metaeoceras? sp. undet., one fragment 

CORRELATION OF THE MORAN FORMATION 

The writer's collections are manifestly insufficient to permit cor­

relation of the Moran formation of the Colorado River area with 

beds in the Brazos River area. They are also insufficient to permit 

a reliable age assignment in terms of sections elsewhere. 

This formation has been included by Sellards in the Permian 

largely on the basis of the occurrence of the genus Schwagerina 

in it. As the collections here studied are in no sense diagnostic, 

the a~thor does not feel that it would be pertinent in this report 

to attempt a survey of the "Permian question" or to define the 

limits of the Permian in the United States. 

COLLECTIONS FROM THE PUTNAM FORMATION 

Collections were made from only two zones in the Putnam for­

mation, but exposures were examined only in the Colorado River 
I 

valley. The two zones are the Coleman Junction limestone mem-

ber and a limestone said to be 77 feet below the Coleman Junction. 

Collection from a limestone 77 feet; below the Coleman function 
limestone member.-The only collection from the limestone 77 feet 

below the Coleman Junction limestone member was made by F. F. 

Yockstick at a locality along Colorado River about 8 miles south­

west of Gouldbusk. ' It is collection No. 7582. 

Crinoid columnals 
Fistul ipora? sp. undet., fragments (r) 
Fenestella? sp. undet., nonporiferous side (r) 
Septopora? sp. undet., nonporiferous side (r) 
Rhombopora lepidodendroides Meek (r) 
Derbya cymbula Hall and Clarke (e) 
Myalina d. M. permiana Swallow (r) 
Allerisma terminale Hall (e) 

Collections from the Coleman function limestone member.­

Although Plummer and Moore state that the Coleman Junction 
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limestone is abundantly fossiliferous in places, it was very sparsely 

fossiliferous at the few places where the author saw it. Only two 

collections were made from it. One, 7583, was made by F. F. 

Y ockstick; the other, 7573, by the writer. 

Collection 7573, listed below, came from exposures along a 

road where it trends southward over an escarpment, about 6V2 miles 
southwest of Gouldbusk. The collection was obtained in 3 hours. 

Fusulinids (r) 
Lophophyllum profundum radicosum? Girty (r), young 
Crinoid columnals (r to c) 
Echinoid spines (r) 
Fenestelloid bryozoan (r ) 
Rhombopora lepidodendroides Meek (r) 
"Productus" sp. undet., one fragment 
Wellerella? sp. unclet. (t) 
Crurithyris? sp. undet., very young (r to c) 
Composita subtili ta (Hall) (c) 

A small collection, 7583, was obtained about 8V2 miles south­

west of Gouldbusk. It contains several individuals of a gastropod 

described by Shumard in 1859 as Pleurotomaria obtusispira and 

sections of fossils shown on the surfaces of the beds. This gastro­

pod is very common in the Hueco limestone in Hudspeth and other 

counties in Texas and in Arizona and New Mexico. It is soon to 

be placed by G. H. Girty in a new genus. 

CORRELATION OF THE PUTNAM FORMATION 

As all the collections from the Putnam here reported came from 

the Colorado River valley, they furnish no basis for correlating 

beds between the two areas studied by Mr. Lee. These collections 

are also insufficient to warrant a definite age assignment. Some of 

the species are suggestive of equivalence to beds assigned to the 

Permian in Kansas and Nebraska, but the evidence from them is 

not conclusive. The gastropod "Pleurotomaria" obtusispira sug­

gests equivalence to the Hueco limestone of west Texas. 
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Distribution of species in collections studied from various formations 

within areas of investigation 
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--:O::;,::b=:ie~I~!\~oi::d::e=:a .,:."'p:: . ..:u:::n:.;:d::::e::t.=_~ _______ I'--_!..1 -=..X II 1 LI I" I 

Lind" memella oalula (G;rtv) I I x l--I--I-II:--ll---_.:.'---I -+-I----t\I -::.-::.t_::._::.~:.-::.-::.1-::.-=-+-
_C;::.:r.:.:n:.::i.::,..::m:.::o:..:d:;:e:::81::a--:Wc:h::i:.:te,--.::n;.:d:-:=S::,t.~Jo::::h::n:....._-:-1 _ I x , I I 1 I I I x 1 I-

Rbipidomella carbonaria (Swallow) I I x I I I I I I I I 
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~E;n:.::te:::l e::.:t.:::es~.p::,.,.:u:::n.::d::.:e,c:... ----:--:-:....".--:-::-:--:--+1 -..jl_ -! __ I I 1_ 1_ 1_ 1 ' 1->---
Derbya cf. D. bennetti Hall and Clarke I 1 I I I I I , 1 I I!~_ 

--::D:.:e:.:r.;:b!..:.ya::....:c.:.:is::c.::oe.:::I.:.:,,:;:i.;.,.::D::u:::n.::b::.ar=-:=a:.:ll.;:d...:C::o:.:n:.:d;.:.r::.a_ --"1I=--...,If-~ 2 1 1 1 1 I I I __ 

Derbya cra .sa (Meek and Hayden) I ! x ! x ? I !I II x 11lI11 II-.!I-~II-_-_ Derbya crassa var. texana Dunbar and 
Condra 

--:D:::e:!r.::h!..ya::....:c:!y:.:m::b::u.:.:ia:....:.H:.:a~lI:,..::.an:::d~C:::I.:.ar:.:k:.:e',--:---,---=--=+_:---1--'--1 _:-:_+_ ~---.J_ 1 __ 2-
Derbya multi,triata (Meek and Hayden) I I I ? I I 1 L 

Chonetes (Lissochonetcs) geinitzianu! 
plattsmouthensis (Dunbar and Co ndra) 

-C=-h'!:o:::n:":e:::te::s=7(L;':'::'·S::So:":c::h:"o~D:'et::'e:":, );:'::':g":e::iD:':i":tz::'ia:":D:":u:":s::'D'-·-nl-' I I 1- -
vaT. aff. C. senms (Dunbar and 

=:;C~h~~~~:~~::~)';P=. ;un;d;et=. ============jl~=:~1 ~:jl ~:~~=:= I==-__ 1 ___ I 1= 1- 1-; 
"Productus" (Jurcsania) ncbrascensis I I I ~1#4 
~Ow~cn ---,------....,...---,.------'-!~' ~' '~-_ x?" _ 

"Produc tus" (Juresania) nebrascensis I I 1 1 I I I 
vaT. ovalis ( Dunbar and Condra) x I-- _ 

Derbya wabaunseeosis Dunbar and I I I I I-+-
--:::-"C::o.:.:n.::d:.:ra=--_....,-__________ f---+_ ? I _ _ _ 

-.:D:::c::.:r.::b!..y.:.a,cs:!:p,-. ..::u:::n:::d.:.et:.:. __ ..,....,_,...-_____ If---_I~x'-.!,.I _i-'x~._+_ I 1 1 1-' 
-.:M:::::eo::::k:::e:::II:::"...:s:.:,.:.ri:::a.:.:to:.:c::o.:..t:::a.:.:'a:....:.(.::C:::o::.x!...) ....". ____ 1:-+1 .::x:..2..1 _ +-_+1_ +_ I x 1 I -j. x 
~eekell a striatocos lata n. var. afT. var. I I I I 1 Il I I I 
~c~onv~ex~ico~.'a~D~un~ba~ra~nd~C~on~dra~~~?~-+-..j_~_ x __ 
--=M~ec:::k e::.:lI:::.a..:!sp!::. . ....::u.:::nd:.::e:.:,t. ---,:-::--,-_--,--_-:,.I--.!I . ....:x~1 -+~I._\I_ - I-lffil I -

Ch one tes fJ cmingi alata ? Dunbar and I I I I 1 I 1- 1---
Condra _ x 1--

_C:;.h:..:o:.:n:.:e:::tc:.:.s'-"Cgr:::a:::n.::u.;.:ii7fe:!r_O=w.::e"n,-_-::-:-____ I:-+1 .::x:...+-'l x:_+I...:x:....:I. __ I: __ 1 __ I __ I __ I __ I_x_2..._ 

Choncte. granulifer meekianus Girty :11 1_: I: -I!~ x. ~I I II x I:j' : 1--"-=' -Cl10neles granulifer transversalis Dunbar 
and Condra 

"Produc tus" (jurcsania) symme tric U8 I I J I I I I I 
~M~cCh~esn~ey....,.,--------:-c_--:--_+- x f- f-- >..-' ~II __ >--.I-I-_ 
_·.:.· P:..r~o:::d:::u.::.ct~u::',.,"~(J~lI~r.::.e"'=.::n.;.:ia:!)--=:!s P!::.c...:::.un:::d:::e:!t:... ___ I:-~I .::x:-:-I _+_-+_+_I 1 I x I I 1--
_ ·,..::' P.:..::.rod::::uc:::::tu:::..,s",...:.(:,:.:Pu:::,:s,u:::.ia,--,) n::..:, . .:.:.sP;-:.. A,--:---:-II - II-:-]Xx I 1

1

_ 1

1

_ 1

1

_ ~II._[-
"Productug" (Echin oconchug) semj4 

punctatus? Shepard 

--,: 
•. p=rodu~ctU •. ~.(EC~hino __ con C~hUS) __ .em __ i·~'~I~,~J_1 I 'I c---punctatus moo rei (Dunbar and 

Condra) 
"Produc tus" (Echinoconchus) sp. I I I I I I 

~und:.:::.:.et . ~.,.............--:-_---!----!-"-Ix x x x x x I-
"Productus" (Dictyoclostus ) americanus I LUI 11 ---

(Dunbar and Condra) x x x x x I 
- .. -,P.!.r.:::od.:.u:::c:::t:.:u.-,·:.:· ':':(:"'D'::ic::t:::y'::o:':c1:!o-,,-u-,:-) -a-m-e-r:-ic-a-n-u-. --"1f--+.::....l--'

x
--l-...:?:-+I- -i

I
--

I
::--

1 
I I I I 

(Dunbar and Condra) var. A x 



222 The University of Texas Publication No. 3801 

Distribution of species in collections studied from various formations 
within areas of investigation-Continued 

Colorado River Valley Brazos River Valley 
-·--------------------~~-~~~---- I--~--,-----~~~--

· ·~;:(1~11~ 1 ~~ .. n.(~~~oprOductuS) sp. I I x I x x I n-:-I x I I 
· · PS:~~~~· .. (Cancr.nella) boonen.:. 1 1 1 1 1 I 1 1 1 x ii ? I- '-+-+--

-:·=-·Pr-:-odu-'-ctu-:-:' ''-:-:(C=-an-;crin-;el:-:-Ia)-n.-.p-. a-=-ff. -;-1- I:--x-7-1 -il~l--T1- 1 I 1 I x 1'_-'--1--+--+-
P. boon ensis Swallow ,_ 

"Produ ctu. " (Cancr ;nella) .p . H" det. 'I x I 1 1 1 1 1 1 I 1 
-:·::·P';'r'::'o:;'du::':C:':'=H":.'::-'-"":P= . .::u.::.n'-:d"'et"'.=--=.e.:.....::...:.=-=----CI- -1lr -71 -~--I 1 x l' I:-x-I'--_'L:-?,-+- -r--x-t--x-

---:M7·::.:r",g:.:in",i-::le:.:r.::.a...:I.::.a .. =II:.:e::.:n",.i.::..-:(~W;:..::o:.:rt.::h.::.en;:.)~-:--__ ,1~-1I:-"x_:I_ -=-x x 1_ 1_,_' _'_I_x_I~I ____ r--
Mnrginifera splendens (Norwood and 1 I 1 1 I I 1 I 1 I 

Prallen) va r. A x x x 

-::~-:-l ·.:..;_;a.,-i~-:t~,:-I~-,-)a_w_a-:b_a_'h,-e_n_.:-i'--:-(N:-:-or_w_o_o..,d_a_n_d,-----'I_-11 x I x? I I I I I ? I:--I--+-_-·~-_-_-
Ma rginifera wabashcnsis (Norwood and 1 1 1 1 1 I 1 1 

Prallen) var. A x x x .:_~.+ __ :. '?? 

Marginifera wabashensis (Norwood and 1 1 1 I 1 I~ 
Pratten) va r. B x 

-;M7'-ar--:'gin':7i1e"--ra=.p.:....:. u'--;nd-;et.---~I--'-I '::""If--:I- '7? -I--t- 1- i-t - I ? 2.. __ __ 

Camarophor" n .• p. 1 1 x 1 1 1 1 1 1+ 
-::L;:'e:":p'-ta"'I'=o-".i'::a'::'o:"'v::'a-:-H:':'.-CD"'u:':'n""b-a-r-a-n-d:-::C'-o-n-:d-r.--+I -l-I '::x~I -+I---1I- - , 1 1 1 - --

~S'~ro~p~L~a l~o'~ia~n.~,~p~.~A~~~ ______ ~1 _~I~x~I~+I __ L~4-_:I__ 1 I~~-r--r--r-r--
WellereIJa osaeensis (Swal1ow) I x I x I I I x I I 

_.;;;.::;.;-:::-:;;;.::.-:=:=::~=:::..!.....:.::....:.:.:..:....~I --.lI ....:x~1 In-.-=:I 1 1 -:1- -----We ll ere lla osagcnsis (Swallow) n . vaT. _,_ _ _ _, 

We ll ere lla sp .. probably new I I x I I I I I 
-;;;;"-;;=':'~:::':':-=;==-"::'::':'---------'--=-,"':"-:--4---:- - :. -- ~? ? 

Well erella .p. un det. I ? 1 I 1 1 I 1 1 1 _!. 
=~R~h~y~n~C~ho~p~o~r~ajiilltin~o~i~.e~n~';i.=I(w:~o~rt~h;e;nI)====jl=~jl=~x~I~-tl--+I -~I--r--I--~:'---rl--r--+-'::'+-~ 

Rhynchopora .p. undet. , I x ii x ii 1 1 1 1 I-- ----

Di el •• ma boviden. (Morlon) 1 x I x I I~I I 1 x lii I-----

SP~~~~ro,~Neo,pirifer) kansa.en.is I 1 1 x I I 1 1 I . 1 x I-----
-;S""p-=ir-:i 7-le::'r"7.(N:;-'e-o-s-p"-ir"'i l""e"'r)C-t-ex-a-n-u-.-:MC:-ee"'k--~I-~I-'-I~+"':"':~I I 1 x ii 1- - --
-;:S:':p"'ir::-i;:-le--r--;;(N:;-e:"o": • .!:.p"ir~il;-=e':"r )~t'::'ri::':p"li:':caC:t"':u:::.-==H::'a-':171----cI--x I x I x 1--;- j-; x I x I x I x I x x 

-;:S:"p_ir'-i'-'le:.:.r7·"p:.:.·...:u:.:.n:..:d:.:eC;t.'-.,== __ ..,-___ -CI_-1I~x_l~x'-il 1 x J. 1 x ii x l 
Squamul.ria perplexa (McChesney) 1 x 1 x 1 x n i l 1 x I~ 

-;C"fU..::...r,..:it:'-h'-yr::.i.::....!:,p:.:.la::.n:.:.o.::.co::.n::.v:.:.e:::x::.a...:\.::S:::h"'u:.:m:::a ::.rd::.)~_~I_ ~I x lii i I x 1 x 1 1- ~!::-r-
Cru rithyri •• p. undet. I r 1 _ 1 1 1 1 1 I 1 1 1 1 x 

-;P;"'u":n-c--to"'."'p"'ir7.il"'e"'r'-:k'::'e'-n::'tu:':c';-k-y-en-.-:i.-:("S7h-u-m-a-rd:;):--"';I-x-1l~x-I:-'X+I -x-'-I::~_I-_-=1 x I x I x I ? ~ 
Husted a mormoni (Marcou ) 1 x 1 x 1 x liii 1 1 x 1 x ii 
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-----------+-:--:---- ---:- ,- --:-
Compo.i la . uhlilila (Hall) I x I x 1 x I x I I I x x I x I x I x ~....J~ x 
Composila , uhlilila oval. Mather I 1 I 1 1--1- 1- _~I-_ 

;;:-;C"oc;m-'!p'-'o"'.,.:itc:. • ..:''''P.:. • ..:u:.:n:.:d..:c.:..:t. ________ ...;I_ -iI-..!_r- I I x 
P eJecypoda : ' I I 1 I I 

_..:C:.ch:.: • ..:cn::.o::.:m=ya:.?:..::.,,-p:.. . .;:u.:..:n.::d"'et::.. _______ -'--'...::.x-',_r-___ _ _ _ 
-...:N.:..:u:.:c:.:u.:..:la:...:.a.::no::.:d.:..:o.:..:n:.:t::.:oi;d::e:c, .oM~e.:..:c::k~ _____ -II_..:I..-::.x I + 1 x I 1 ___ _ 

Anthraconeilo taffialla Girty I I x I x __ 
--;.'::·N:.:u::.c::.u:;:l o.::p.::,::.:i .c;:":.....:ve::.:n.::t.:..:ri::.c:..os.::a~(H~a"II.,-) -----11- 1

-,-1 - r-I--, I x 

-,L..:c-::d_ • ..:b:...c:.:.lI_i,:..:t.,ri"'oc;t.;....::S.:.te:..:v..:e.:..:n:.' ______ ---;I_ x 1 x 1----1 I ]( 1-1-- _ __ _ 
Led. 'p. undet. I 1_~_ .2 ~-I_ J II ,_ 
Yoldia glahra Bcede and Rogers I x _!_ I 1 _ _ 

=~Pa~ra~lI~e l~od~on~~.p~. ~un~d~et~. ~~::~=====~I =~I.~x,--I I::::J I 1 - -
Avieu lipinn •• p. undet. 1 W-I - I 1 1 

-_~~p~in~n;.='~p~.=u~n;d~e~t.===================I==__:~~xl ~I x :--I--1I--:I--~-x~I -~7?"tl-~?-1-7? ~~·-
_-:C:.:o:.:n..:o-::c • .:..:r..:d.:.iu:.:n.::'..:."'p..:.:-'u::.n::d..:e.:..:t._-:--:-:----:-_-:-_-+I __ :I...::x+1_1 1 1 I x 1:- +1- -1---1---1---

Pseudomon oti s cf. P, haw ni Meek and I I I I ? I I I I I 

-:-:-MY':::~·':.!..I ~::::::'::":f:-. -:-:M-. -pe-rm-:-ia-n'-S=-w--:'I-:-io-w--+I --I~I"7I-III-I-I- r-;- x 

-:M.,..::~-::.:~~=t~:..::..:c_urv--,i ro_str-:i' :-:-Mc_,ek--,.n_d _--:1_1 I II I ? I I I I I 
-...:M=y.:..:I.:..:in.:..:a:.:::su.:..:b:..:q"'u:.::a.::d.:..:ra::.t=-a..:S:..:h.:..:u:..:m:::.::.r.::d ____ ~I'-+.:..:x~1 _~, __ 2..1 __ 1_ LJ_ I 
....:M.::.:.ya:..:l.:..:in.:..:a,-="p:..:._uc:.n:..d:..:e:..:t.:..:. _.,...,.--,-_____ -,-I,-_I:....:;x+1 -,-x,-+..:x.:..:+I_+-I 1 1 GJ :-1_ .1--1-_+ __ 
_ .:..:A:..:v:..:ic::.:u:..:i.::o,,-pe::.:e::l.::en::..:..:i1:.:e.:.rz:..:e..:r:,i .:..:M:..:e"'c:.::k:... ____ .....,I.....,_I:_ l _ x I I I 1 ~r-
_.:A:..:v:..:ic",u.:..:l.::o"-pe:.:c:..:t",en::...:,,,,p:.. . .;:u:.::o.::d.::et:.:. _______ I __ 1 I I 1 I 1 [" - x 

Deltopccten n. sp. afl'. D. mccoyi I 1 I rill 1- 1- 1 
-=-=(M=eek::...:.="d ..::.:.H,,-,-,yd=en:c--) ___ ~, _ _ :_,_I-I- _ 1- L I x I I- r-

_..:O::e:::l .:..:t o:!p:.:e:::.c::le.:.n~t e:::x:::.a:;.nu::.:a::..::G:.;.ir:::t:!.y--:-..,..------If-+1 .::x+1 -1-1- _ ~!.---J -~~I I- r-
Oeltopee ten v.nvleeti (Beede) 1 1 1 x I I 1-- 1= 

-=O==-e"'l..:to:cp:..:e=c.:.te=n:..: • .:..:p:.:.::.u.:..:":.:d:..:e:..:t.===-----If-+1 -x+1 - I I 11-

Aca nth opee len ap. undet. I x 1 x 1 i-I-I- I ' rJ~ 
=~A~I~lo~r~'~m~.~~t ~er~mji~n~.I~e~~H~.~II~==============1 ==tl ==tl ==+I..:x,-, _ I I I--.J x x '\_ x 

Allod,lU. ' I'. undet. II ? 1 I I-Ii I I 1-
-'A":',:':'t::':ar-"t:':el:":ia:"':c"-o'-"c":.e':":n'::'t:":ri:':'ca-'-('-:C:-o-n-ra-d")-----;1-- :1--x+I- 'I--~"I-~I-- -;-1--1 --~-I-I- __ _ 
-'A.::S.:..:t::..:..:rt.::e"II.:....:c:.::o.:.:n::.:ce:::":.:t.:..:ri.::c::. • ..:('"'C"o:..:n.:.r.:.:d:c)-n-.-v-a-r.-+I - :1- '::"' :1" -~--f--x I-- j I I '\ ___ _ 

....:A..:,:..:t.::ar:..:t.:.:el:.:la:....:s"-p:...:.::u.:..:".::d.::et:..:. ________ +' -~I ..:?+I-t--f--r-:--~I -~I -+-_:I.-~-?-I---I-x--
Scapbopoda : · 1 1 I I 1 I Dentalium n .. sp. afT. D. semi-
-=--==cost=:.:.....::.tum G~irty ..,..,..---~_x r- -

Oent . liu m ,u bl eve Hall 1 I x I I Itffi-!-_-
De ntaJium sp. unde l. I I x I I ! I I 1----1--'1--
Plagiog lypta cf. P . annuli st riata I I I 1+ I I----r-

-='(=M=eek.:....:· .:.:.:.:nd:..;W.:..::.or=th=e".:....) ____ : __ . __ x ,_ __ _ ' ..-J-1-r-
Plagiogiypta sp. undet. I 1 x 1 I 1 1 I 1 
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Gastropoda: I I I- I I ~r -11 Bellerophon stevensiaDus McChesney ? 1- -
Bellerop hon crassus Meek and Worthen I I ? I 1-1 I I- I-
Bellerophon sp . undet. I I x l ? I ? ? I 
PatcJ )ostium montfo rtianum (Norwood 

I I I I I I -~ and Prattcn) x f-- f--
Pate ll ostium n. sp.? I I x I I I 

I x : 
f-- I--

Euphemitcs carbonaTius (Cox) I ~ I-- - - - ~ I 
Bucanopsis meekiana ( Swallow ) I I I I I x l I 
Buca nopsis sp. undet. I I x I - ~. II 
Pharkidonotu8 percarinatus? (Conrad) I I x I I I-;-I-r-f-- I--
Pharkidonotus triclI. rinatus (S humard) 1~_x_l _ r---1-~1 
Pharkidonotus 8p. undet. I I x I I I 
" Pleu rotomaria tt obtusispira Shumard I I ~ I 
Yunnania sp. unde t. I ? I -1 I I 
Wort henia tabulata ( Conrad) I I I I x l 
Worthcnia 8p. undet. I I ? I I I I 
Phanerotrema grayvillense (Norwood I x I x I I x l and Pratten) 
Phane rotrem3 te nuis triatum (Shumard) I I x I I I I I 
Phancrotrema 8p. undet. I I x I I I I 
Euconospira Bp. undet. I I I I I x 
" Orestes" br8zoenais (Shumard) I I x I r-! I x I 
"Murchisonia" 8p. undet. I I-x-I - r-! I I 
Goniasma lasa llens is (Worthen) I- I- ?-'- I I I I -'-- - -Orth onema schucherti Knight I I x I I I I I 
Trepospira depressa (Cox) "" H , ., Trepospira sp. undel. 

" . , I ~ , , I--
Straparollus ( Euomphalus) plummeri I Ix! ~ Knight 

I Gjip ~ __ I ~ 1-
Slraparollu8 (Euomphalus or Scbizosto-

rna) subrugosus Meek and Worthen 
I--

S-traparollus (Euomphalus ) sp. undet. I I I x x I I I 
~ -

Nat icopsis? sp. undet. I I x l x I I - I 
Pseudozygopleura sp . undet . I I x I I x I-
Meeko8pira sp . undet. I I x I r--l-- x I 
Soleniscus (Macrocbilina) cf. S . brevis 

/ / I / . / White or cf. S. paludinaeformis 
(Hall) x 

Soleniscus (Macrochilina) primigcniu8 I x l (Conrad) x 
Solenisclls (Macrochilina) sp . undet . I r-+-=ff-

f-- -x I--
Trnc hydomia sp. undet. I x I I 
Platyceras sp. undet. I I x l I 

I--I-
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~fo c"E~o~~~o~~ 
.~ ~ :g ::! ..e ~ ~ -= .~ e- :g 5 ; 
~ ~ ~ ~ ~ ~ u g ~ ~ ~ ~ ~ 

------------:.~----I- - 1- -1-
Cephalopoda : I I I I I II 
-:P::.::e"u.:;d o"'r::'.;:.h o"'c:.:e:.:.ra:::.:....::k.::n"'ox:::e:.:.n::''''e...:(::M:.:.c:::C:::h.::e::'.::ne:oy,-,),-+~ x x __ .!- _ ~+-- _ 
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REGISTER OF LOCALITIES 

7367. Mercury quadrangle. On north stde of Herron Bend of Brazos River, 
about half a mile east of Salem School and thence a quarter of a mile south. 
Shale in basal part of Graham formation, immediately below Salem School 
limestone member. 

7368. Graham quadrangle. Bass Mountain, 2 miles northeast of South Bend. 
hill above and 100 feet north of Brazos River. Graham formation, in shales 
25 feet above Bunger limestone member, which cr~ps out near water level. 

7369, 7369A. Waldrip quadrangle. Locality adequately described in text. 
Graham formation, fossil zone 4 Gc, 10 to 20 feet below the Gunsight lime· 
stone member. 

7370. Waldrip quadrangle. About 4 miles south of Whon and three· quarters 
of a mile east of Parks Mountain. To reach the locality from Whop, go south 
4 miles, take first turn west, go for three·quarters of a mile, then go through 
gate and continue about half a mile north and a quarter of a mile west to 
southe~st point of an isolated hill. Wayland shale member of Graham formation. 

7440, 7440A. Graham quadrangle. West edge of town of South Bend, from 
flat between railroad that runs along Clear Fork and road to Throckmorton. 
Graham formation, fossiliferous zone 20 to 40 feet above Bunger limestone 
member. 

7441. Young County. About 9 miles southeast of Graham on Graham·Finis 
road, in road cut north of Brushy Mound, which is first hill west of Connor 
Creek School, outcrops in roadside ditches. Graham formation, fossil zone 
16 Gb, marine shale about 40 feet above Home Creek limestone of Plummer 
and Moore (top member of underlying Caddo Creek formation ) . 

7442. Graham quadrangle. About 2lh miles north'\'Vest of Graham, in rail· 
road cut south of road and across road from a dam on Salt Creek. Graham 
formation, Wayland shale member, thin No.9 limestone of post·Bunger cycle 
No.9 and associated shale. 

7443. Graham quadrangle. Near head of Kickapoo Creek, 100 yards north 
of point where road crosses creek. Graham formation, No.9 limestone in post­
Bunger cycle No.9. 

7444. Graham quadrangle. About 3 miles south of Graham, near Thedford 
Tank, on north side of North Tonk Branch, about three·eighths of a mile north­
west of point where railroad crosses branch and about one·eighth of a mile 
northeast of road. Graham formation; the fossiliferous shale zone 40 feet above 
Bunger limestone member. . 

7445. Same locality and horizon as 7440. 
7446. Graham quadrangle. In west edge of town of South Bend, in breaks 

about 300 to 400 feet west of main street (highway 67) and 200 feet south of 
road to Throckmorton. Graham formation; the fossiliferous shale zone 25 to 30 
feet above Bunger limestone member. 

7447. Graham quadrangle. Locality adequately described in text. Fossil 
zone 10 Gb of Graham formation. 

744-8. Graham quadrangle. Cliffs along west side of Salt River in west edge 
of Graham, north of Graham-South Bend road, one·eighth of a mile north on 



Stratigraphic and Paleontologic Studies 227 

road to dam, from beds near top of bluffs. Wayland shale member of Graham 
.format ion, about horizon of No.9 post·Bunge, cycle limestone. 

7449. Waldrip quadrangle. Same locality and horizon as 7370. 
7450. Graham quadrangle. About 2% miles west of South Bend, Young 

County, on southeast point of hill, north of Graham Lake, about halfway up. 
Graham formation, No.9 limestone of No.9 post· Bunger cycle. 

7451. Graham quadrangle. Same locality and horizon as 7442. 

7452. Young County. Same locality and horizon as 7441. 

7453. Ivan quadrangle. At side of east·west road that runs along Young­
Stephens Cou nty line, about half a mile east of Graham·Breckenridge highway, 
at first escarpment. Graham formation, No.3 post·Bunger cycle limestone. 

7454. Graham quadrangle. Northwestern part of hill about 1 mile northeast 
of Graham (fir st hill beyond twin hill s in Graham), l e~s than 200 fee t south 
of Chicago, Rock Island & Pacific Railway, above oil pit and below a sand­
stone. Near base of Wayland shale member of Graham formation. 

7455. Waldrip quadrangle. Same locality and horizon as 7369. 

7456. Graham quadrangle. About 4 miles northeast of Graham and 1 mile 
southwest of Rocky Mound School, on southwest si de of Rocky Mound, near 
base of hill, a quarter to half a mile so utheast of road from Graham. Graham 
formation, Wayland shale member, below 9a limestone of No.9 post·Bunger 
cycle. 

7485. Graham quadrangle. Locality near 7454, but about halfway up west 
face of hill 150 to 200 feet north of south point of hill , under a conglomerate. 
Grabam formati on, near base of Wayland shale member. 

7486. Ivan quadrangle. On main road from Eliasville to South Bend, 3.2 
miles from Eliasville, on long hill nor thwest of road, between two bridges. 
Collection from point where hill is nearest road, up nearly to top of hi1l and 
5 or 6 feet above a sandstone ledge. Graham formati on, 9a limes tone of No.9 
post· Bunger cycle. Limestone is thin and discontinuous under a conglomerate. 

7488. Graham quadrangle. Same locality and horizon as 7367, except that 
it contains float from Salem School limestone member immediately above. 

7489. Graham quadrangle. Same locality and horizon as 7456. 
7490. Graham quadrangle. Herron Bend of Brazos R iver, on road that passes 

Salem School ; about ~hree.quarters of a mile east from school, thence south 
and east to a point about a quarter of a mile south of bench mark 1005, shown 
on topographic map. This point is about 1% miles southeast of school, where 
road begins to turn southeast away from Herron Bend. Exposures about 5 
feet above creek and on creek in field west of road, a little south of northeast 
point of bend. Caddo Creek formati on, Home Creek limestone member of 
Plummer and Moore. 

7491. Graham quadrangle. About 3 miles north and slightly east of South 
Bend, on east side of Sidney Mountain, downhill east of Wadley oil well, about 
a quarter of a mile north of bench mark 1082, a t altitude shown on topographic 
map as 1180 feet. Graham formation, limestone of No. 5 post.Bunger cycle. 

7492. Graham quadrangle. About 2% miles north of South Bend. Southwest 
point of butte on east side of Kickapoo Creek, about a quarter of a mile west 
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of bench mark 1082, at about 1100·foot contour line as shown on topographic 
map. Graham formation, limestone of o. 5 post·Bunger cycle. 

7493. Graham quadrangle. On west side of Kickapoo Creek, about half a 
mile S. 45° W. from 7492. Graham formation, limestone of No.6 post·Bunger 
cycle. 

7494. Graham quadrangle. About 1% miles north of South Bend and six· 
tenths of a mile north of where Clear Fork joins Brazos River, about one·eighth 
of a mile north of southwest corner and on west side of a butte, which is 
the first butte north of river here. On west side of same butte as 7492. Graham 
formation, a "Campophyllum" bed about 120 feet above Bunger limestone, 
below horizon of Kickapoo limestone. 

7495. Graham quadrangle. About 1 mile west and 1% miles north from 
South Bend, on hill about half a mile north of Stovall hot·water well on south· 
west side of Salt Fork of Brazos River, along road shown on topographic map 
as a temporary 'road going northwest from bench mark 1036 to bench mark 
1116, near point where road crosses 1080·foot contour line shown on map. 
Graham formation, limestone of No.6 post· Bunger cycle. 

7496. Graham quadrangle. About 3 miles N. 45° W. of South Bend, as 
measured on map, along stream tributary to Salt Fork of Brazos River, about 
three·eighths of a mile upstream from Salt Fork. This tributary enters Salt 
Fork at south point of second sharp bend southward, west of point of entrance 
of Clear Fork. About half a mile east of bench mark 1153, shown on topo· 
graphic map, on east side of tributary stream, 10 to 12 feet below top of hilL 
Graham formation, limestone of No. 7 post· Bunger cycle. 

7497. Ivan quadrangle. Locality adequately described in text. Graham 
formation, limestone of No. 3 post· Bunger cycle. 

7498. Graham quadrangle. Locality adequately described in text. Graham 
formation, limestone 9b of No. 9 post.Bunger cycle. 

7499. Ivan quadrangle. About 1% miles south of South Bend. Top of South 
Bend Mountain, which is the first crest south of South Bend that is more than 
1200 feet in altitude. Graham formation, limestone of No. 7 post·Bunger cycle. 

7500. Stephens County. Locality adequately described in text. Upper lime· 
stone of Gunsight limestone member of Graham formation. 

7501. Graham quadrangle. About half a mile west of McCann bridge over 
Brazos River, about 1% miles south and 8% miles west from Graham. Thrifty 
formation, BIach Ranch limestone member. 

7502. Breckenridge quadrangle. About 2 miles due south from Gunsight, 
along "old" road to Eastland. To reach locality go past post office at Gunsight, 
turn left at first fork, and continue until speedometer shows 2 miles from post 
office. Lower limestone of Gunsight limestone member of Graham formation. 

7504. Breckenridge quadrangle. About 1% miles northeast of Crystal Falls, 
on diagonal road 'to Eliasville north of Clear Fork of Brazos River. Brecken· 
ridge limestone member of Thrifty formation. 

7505. Mercury quadrangle. Along north bank of Colorado River, about 2%, 
miles east of Winchell, where road comes close to river at first really prominent 
northward bend east of Winchell, on old "river road." On bank of river within 



Stratigraphic and Paleontologic Studies 229 

about 10 to 15 feet of water. Graford formation, thin brown limestone in 
basal member. 

7506. Mercury quadrangle. Same locality and member as 7505 but in a 
zone about 10 feet lower. 

7507. Mercury quadrangle. Locality adequately described in text. Adams 
Branch limestone member of Graford formation. 

7508. Mercury quadrangle. Locality adequately described in text. No. 2 
limestone (second limestone from base of Winchell member of Graford forma. 
tion, equivalent to top bed of Drake's Clear Creek limestone). 

7509. Mercury quadrangle. About 4 miles east of Whon, on road that 
crosses Home Creek in Gill ranch, on hill above and south of creek, about 
one-eighth of a mile south of elevation No. 1403, shown in northwest corner 
of map of Mercury quadIangle. Caddo Creek formation, Home Creek lime· 
stone member of Plummer and Moore. 

7510. Waldrip quadrangle. About 4% miles slightly west of south of Whon, 
in bed of stream where road from east side of Parks Mountain turns from 
southward to southeastward, about a quarter of a mile above junction with 
a northeast-southwest road, about five-eighths of a mile south of point 1518 
(see topographic map) on Parks Mountain and about three-eighths of a mile 
east of Colorado River. Upper limestone of Gunsight limestone member of 
Graham formation. 

7511, 7512. Young County. About 9% miles east of Graham, on a hill about 
500 feet north of Connor Creek School and across road from it. This school is 
on Graham-Finis highway. Locality is near top and on south side of hill, east 
of the stone fence on the hill. Upper 3 feet of Gonzales limestone member of 
Graham formation, as exposed here. 

7513. Young County. Same locality as 7441, but collection made from a 
thin yellow limestone below a thick sandstone and above marine shale of fossil 
zone 17 Gb and below horizon of Gonzales limestone member, exposed on first 
flat south of road and above roadside ditch. Limestone 50 to 60 feet above 
horizon of Salem School limestone member of Graham formation. 

7514. Young County. Locality adequately described in text. Gonzales lime­
stone member of Graham formation. 

7515. Graham quadrangle. About 4 miles S. 20· E. of Graham, as measured 
on map. Collection from top of road 2 to 3% feet below level of house and 
barn to which road leads. These buildings are in a saddle north of Graham­
Graford road, 2_3 miles east of plllce where road to Bunger turns off and 1.8 
miles west of place ,where road to Herron Bend turns off. Graham formation, 
"dirty yellow" limestone 22 feet below Bunger limestone member. 

7516. Same locality as 7515 but from a zone about 5 or 6 feet higher, exposed 
on first flat above and west of sad!;lle. 

7517. Graham quadrangle. About 6 miles south of Graham, near Bunger. 
To reach locality from town of Bunger, go south one-third of a mile, turn 
east and go half a mile to place where a limestone crosses road at first rise. 
Collection obtained along road and in pasture south of road, from an olive­
brown fine-grained limestone. Bunger limestone member of Graham formation. 
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7518. Same locality as 7517, but collection made from a weathered zone in 
side ditch north of road. Float but probably from Bunger limestone member 
of Graham formation and not over 4 feet below it. Could have washed from 
beds 8 to 10 feet above Bunger. 

7519. Same locality as 7517, but 500 to 600 feet west. From roadside ditches 
and fields on each side of road. Soft brown sandy limestone with red splotches 
below a red weathering zone. Graham formation, "dirty yellow" ,limestone 
about 20 to 25 feet below Bunger limestone member. 

7520. Breckenridge quadrangle. On Gage Creek ,about l lh miles west of 
Eliasville. To reach locality go west from bridge at Eliasville on Throckmorton 
road; at about llh miles from Eliasville turn right through wooden gate, pass 
cemetery, and bear left to Gage Creek as far as a water hole with a spring 
box. Upstream 100 feet or more east of spring ,box is a limestone below Ivan 
limestone. Thence continue upstream to Ivan limestone. Ivan limestone memo 
ber of Thrifty formation. 

7521. Young County. About 3lh miles west of McCann Bridge, on Vick 
ranch, across road south of ranch house, on hill above creek in pasture. To 
reach locality from a point in road opposite ranch house, go east 2.2 miles to 
a gate on south side of road ,thl,lt leads to Nash & Windfohr oil poo!. ' Collection 
from ridge west of oil wells. Belknap limestone member of Harpersville 
formation. 

7522. Graham quadrangle. Locality adequately described in text. Bunger 
limestone member of Graham formation. 

7523. Graham quadrangle. Locality adequately described in text. About 2 
feet above base of Bunger limestone member of Graham formation. 

7524. Graham quadrangle. Locality adequately described in text. Bunger 
limestone member of Graham formation. 

7525. Graham quadrangl~. About 2lh miles (measured on map) west of 
South Bend, in field 50 to ,200 feet north of road on crest of hill, which is 
about l lh miles due west of Stovall hot·water well. A road turns south about 
100 feet south of this locality -opposite bench mark 1131, which is shown on 
topographic map. Graham formation, limestone of No.7 post· Bunger cycle. 

7526. Graham quadran~le. Same locality and horizon as 7450. 
7527. Breckenridge qu~drangle. About 1.1 mile~ north of Eliasville. To 

reach locality from Eliasville cross bridge over Clear Fork, take road to left 
ahout a quarter of a mile, turn right (north) where first road comes in, 
continue north until road makes an almost right angle jog to east and con· 
tinues up a sandstone and shale hill. Instead of turning, continue on through 
an open iron rod-Hoored gate into It drive that goes around hill to a house not 
visible from road. Collection from limestone at first rise above gate. Thrifty 
formatio~, 4· to 6-inch unnamed limestone above Avis sandstone member and 
below Ivan limestone member. 

7533. Breckenridge quadrangle. Same locality as 7527, but collection made 
from Hat on which house stands. Ivan limestone member of Thrifty formation. 

7534. Breckenridge quadrangle. Along roadside west of road and along Ii 
gully 100 feet west of road that enters Crystal Falls from north. Collection 
came from a point on road one·third of a mile south of Huflstettle School 



Stratigraphic and Paleontologic Studies 231 

south of a hill and north of a bridge over a gully. Myalina.bearing limestone 
of Harpersville formation., 

7535. Breckenridge quadrangle. To reach locality from Crystal Falls, go 514 
miles north, thence 3 miles west, then turn into field and go 1.8 miles south 
to a hill in pasture. On first bluff on Clear Fork east of mouth of , Kings 
Creek there is a stone fence on hill and also stone fences in pasture. Out· 
crops near top of hill and east of temporary road in pasture. Saddle Creek 
limestone member of Harpersville formation. 

7536, 7537. Breckenridge quadrangle. Crystal Falls, exposure along Clear 
Fork of Brazos Ri:ver, from water level up to 3 feet above water level at a 
place 50 to 100 feet below a dam, which is ahout 300 feet below bridge where 
highway crosses Clear Fork. Breckenridge limestone member of Thrifty 
formation. 

7538. Breckenridge quadrangle. Crystal Falls, north of railroad, about 80 
to 100 feet west of road north out of Crystal Falls and about 300 feet south 
of a pump house on Clear F ork of Brazos River, on south side of first ravine 
south of pump house(. "Cl" limestone bed of maps, in basal part of Harpers· 
ville formation. 

7539. Breckenridge quadrangle. Crystal Falls, across railroad in northern 
part of town, in field east of tracks in firs~ railroad cut northwest of Crystal 
Falls crossing, almost due west of pump house for Breckenridge water supply. 
Exposure in "humps" on a ridge back of pump house and also in beds in 
railroad cut. Crystal Falls limestone member of. Harpersville formation. 

7540. Breckenridge quadrangle. Crystal Falls, along railroad northwest of 
town, second cut northwest of road crossing in north edge of Crystal Fall.s, 
opposite a house on same lot as pump station of Magnolia Petroleum Company. 
Thin limestone and shale on southwest side of railroad. So·called "Upper 
Crystal Falls limestone," in Harpersville formation. 

7540A. Same locality and horizon as 7540 but collection made from shale 
parting . 
• 7541. Breckenridge quadrangle. Four miles west of Eliasville, to left, beyond 

west edge of Eliasville oil pool, through cattle guard on short road to Crystal 
Falls, a quarter of a mile; locality on top of- it hill.. Crystal Falls limestone 
member of Harpersville fonpation. 

7542. Same locality as 7541, but collection made in ravine to the north. 
Breckenridge limestone member of Thrifty formation. 

7543. Breckenridge quadrangle. West of Eliasville, on Throckmorton road, 
6.9 miles by speedometer; in roadside ditch at head of Wagon Timber Branch. 
Belknap limestone member of Harpersville formation. 

7544. Breckenridge quadrangle. About 7 miles by speedometer west of 
Eliasville. To reach locality go 5% miles north of Crystal Falls to place where 
road turns, thence 700 feet east to place below top of first hilL Thin limestone 
between a shale and lim~stone that eaps hill and light blue and gray to 
purplish shale exposed in roadside ditch and field south of road. Saddle Creek 
limestone member of Harpersville formation. 

7545. Same locality and horizon as 7521. 
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7546. Ivan quadrangle. About 9 miles (measured on map) east of South 
Bend, 4% mnes east and 21,4 miles south of Bunger, near Ming Bend School. 
Outcrops in field adjoining school on south and on a flat across a ravine near 
the school, also along a road through a field south of school and through two 
gates from main road that passes school, about 500 to 600 feet south of school, 
in State game preserve. Caddo Creek formation, Home Creek limestone member 
of Plummer and Moore. 

7547. Same locality as 7541, but collection made on sides of a tank 0.3 
mile around hill to the west. Exposures about 15 feet above tank, nearly at 
base of hill. So-called "Upper Crystal Falls limestone," in Harpersville 
formation. 

7548. Same locality and horizon as 7486. 
7549. Breckenridge quadrangle. To reach locality go 7% miles west of 

bridge at Eliasville, turn left through a gate into a pasture, and go southeast 
to place where Wagon Timber Branch is crossed by a fence. Exposures a few 
hundred feet upstream. Collection from an 8- to lO·inch limestone about 
8 inches above 'a coal. So-called "Waldrip limestone," in Harpersville 
formation. 

7550. Same locality and horizon as 7442. 
7551. Same locality and horizon as 7500. 
7552. Same locality and horizon as 7502. 
7553. Breckenridge quadrangle. Locality adequately described in text. 

Upper limestone of Gunsight limestone member of Graham formation. 
7554. Throckmorton County. Four miles east of Woodson, in a gully south. 

east of road forks, at place where road turns south. Camp Colorado limestone 
member of Pueblo formation. 

7555. Throckmorton County. About 3 miles east_ of Woodson, in stream bed 
200 feet south of road and bridge. Collection from bed of stream. Unknown 
horizon in lower part of Moran formation. 

7558. Waldrip quadrangle. About 4 miles south and half a mile west of 
Rockwood, about 114 miles due south of Chaffin crossing over Colorado Rivet, 
on Chaffin farm, along banks of a small stream below mines, east of Chaffin 
house. Chaffin limestone member of Thrifty formation. 

7559. Waldrip quadrangle. Same locality as 7369 but near top of hill soutr 
of road. Upper limestone of Gunsight limestone member of Graham formation. 

7560. Waldrip quadrangle. Locality adequately described in text. Thin 
brown limestone near base of Graham formation, 8 feet above Plummer and 
Moore's Home Creek limestone member of Caddo Creek formation. 

7561. Same locality and horizon as 7509. 
7562. Waldrip quadrangle. Northwestern part of Rockwood, on first gully 

about 500 feet west of cotton gin. So·called "Waldrip No.2 limestone," in 
Harpersville formation. 

7563. Waldrip quadrangle. West of northern part of Rockwood, near top 
of an eastward· facing isolated hill, about 1500 feet westward across a reddish 
shale valley from cotton gin. So-called "Waldrip No.3 limestone," in Harpers. 
ville formation. 
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7564. Waldrip quadrangle. Ridge west of Rockwood. To reach locality turn 
west into field from highway that goes south into town, immediately south 
of bridge in north edge of town, continue on farm roads, keeping near but 
north and west of "breaks," 1 mile westward to a gate, thence to ridge north 
of gate and a few hundred feet west. Saddle Creek limestone member of 
Harpersville formation. 

7565. Waldrip quadrangle. About 2 miles south and 4 miles west of Rock­
wood, about 1112 miles west of highway bridge southwest of Rockwood over 
Bul! Creek. To reach locality from this bridge, go west fro~ south side of 
bridge, follow road through two gates-one gate at 1 mile from turn (bridge 
and road) and the next due west of the first, at 1.4 miles from bridge. Hill 
left of second ga te overlooks Colorado River. Collection made at top of cliff 
,that borders a draw, a few huudred feet east of point of this hill and a gravel 
flat in river visible from it. Saddle Creek limestone member of Harpersville 
formation. 

7566. Waldrip quadrangle. From locality 7565, go westward, passing through 
a gate at point 1% miles west of 7565, thence west a few hundred feet farther, 
turn right, and continue up a ravine for about 1000 feet to hill west of this 
ravine, 12 feet below top of escarpment. Thin limestone near base of Pueblo 
formation, 20 feet above Saddle Creek limestone member of Harpersville 
formation. 

7567. Waldrip quadrangle. Along Colorado River, 4 miles south and 7 miles 
west of Rockwood (measured on map), on point above river about 0.9 mile 
southeast of conspicuous round hill where the first big draw east of the round 
hill cuts into bluff, near west margin of Waldrip quadrangle. Pueblo formation, 
in Drake's bed No. 13 ("limestone with yellow chert"), the Stockwether lime­
stone member of Plummer and Moore. 

7568. Waldrip quadrangle. Rockwood; flat around barn and between house 
and b~rn of first house south and east of south end of bridge on highway on 
north edge of Rockwood. So·called "Waldrip limestone No.1," in Harpersville 
formation. 

7569. Waldrip quadrangle. About 2.4 miles east and 0.2 mile .south of Rock­
wood (measured on map), on west bank of Camp Creek, about a quarter of 
a mile north of road from Rockwood to Whon, across a draw. Bench marks 
1459 and 1422 (see topographic map) are on this road. Chaffin limestone 
member of Thrifty formation. 

7570. Same locality as 7569, but collection made about 50 feet north and 
at about 10 to 12 feet lower in altitude, the bed being only about 4 feet above 
stream and above a red shale, ,which is exposed nearly to creek bed on west 
side of Camp Creek. Thin limestone 10 feet below Chaffin limestone member 
of Thrifty formation. 

7571. Waldrip quadrangle. About 2% miles east and a quarter of a mile 
south of Rockwood, on same road as 7569 but farther east, at a point where 
this road turns south instead of crossing Camp Creek. Exposure in bed of 
Camp Creek and on an abandoned road on east side of Camp Creek in line 
with road. Speck Mountain limestone member of Thrifty formation. 
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7572. Waldrip quadrangle. About 314 miles south and half a mile east of 
Rockwood (measured on map), about a quarter of a mile west of Parks Moun· 
tain, at a point where road around west side of Parks Mountain to Colorado 
River crosses a ravine shown on map of Waldrip quadrangle as first ravine 
west of Parks Mountain and north of river. Road goes through a sharply 
constricted place where it crosses this ravine. Yellow shale exposed to left 
(east?) at crossing. The Bellerophon limestone caps hill. Bellerophon lime· 
stone, in Thrifty formation. . 

7573. Coleman County: About 6.2 miles southwest of Gouldbusk, where road 
crosses escarpment of Coleman Junction limestone. To reach locality from 
Gouldbusk, go 0.3 mile south, 0.7 mile west, 0.5 mile south, 2 miles west, and 
about 2.7 miles south. Collection from both sides of road in big valley to the 
south below escarpment. Coleman Junction limestone member of Putnam 
formation. 

7574. Coleman County. About 7%, miles by speedometer southwest of 
Gouldbusk. To reach locality from locality 7573, go south about 1 mile, east 
half a mile to place where Panther Creek crosses an east· west road, up 
Panther Creek to point near south end of a hill, west of first house east of 
Panther Creek. Collection obtained less than 1 foot above base of a small 
gully east of hill, between sheep pen and house. Shale 8 feet above Horse 
Creek limestone member of Moran formation. 

7575. Same locality as 7574 but farther down same gully, due south of 
south end of hill. This gully is first gully south of south end of hill. Thin 
limestone about 5 feet above top of Horse Creek limestone member of Moran 
formation. 

7576. Same locality as 7574, but collection made from blue limestone about 
halfway up hill, on east and southeast side. Limestone in Moran formation 
between Horse Creek and Sedwick limestone members. 

7577. Same locality as 7574, but collection made in public road, which goes 
in front of house, and in field south of road, on first bench above and .east 
of point where road crosses Panther Creek. Horse Creek limestone member of 
Moran formati·on. . 

7578. Waldrip quadrangle. Locality adequately described in text. Caddo 
Creek formation, in Home Creek limestone member of Plummer and Moore. 

7579. Waldrip quadrangle. Isolated hill half a mile north of Colorado River 
and a quarter of a mile east of west line of quadrangle. Limestone 60 feet 
below Camp C~lorado limestone member of Pueblo formation . 

7580. Coleman County. Three and one·fourth miles east and three· quarters 
of a mile north of Whon (measured on map), on west side of Mukewater Creek 
about three·eighths of a mile above its j unction with Home Creek, first 
escarpment west of creek and below a sandstone. Brad formation, in Ranger 
limestone member of Plummer and Moore. 

7581. Same locality as 7580 but higher on hill and above the sandstone. 
Caddo Creek formation, in Home Creek limestone member of Plummer and 
Moore. 
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7582. Coleman County. About 8 miles southwest of Gouldbusk, about 114 
miles westward and across a hill from locality 7577. Limestone 77 feet. below 
Coleman Junction limestone member of Putnam formation. 

7583. Nearly same locality as 7582. Coleman Junction limestone member of 
Putnam formation. 

7584. Coleman County. About 7.1 miles southwest of Gouldbusk. From 
locality 7577, go west across Panther Creek and north into gate about 0.2 mile 
west of Panther Creek crossing; continue about half a mile to outcrop of 
Sedwick limestone on west side of Panther Creek. Sedwick limestone member 
of Moran formation. 

7585. Coleman County. Four and one·half miles southeast of Gouldbusk, 
on Sam Gray's ranch. Camp Colorado limestone member of Pueblo formation. 

7586. Same locality and horizon as 7367. 
7587. Same locality and horizon as 7440, but collection made on flats on both 

sides of Throckmorton road. 
7588, 7589. Same locality and horizon as 7368. 
7590. Same locality as 7368, but collection made from shales 60 to 80 feet 

above Bunger limestone member of Graham formation. 
7591. Same locality and horizon as 7441. 
7592. Breckenridge quadrangle. Two miles s.outh of Ivan, on hill west of 

paved highway. Ivan limestone member of Thrifty formation. 
7593. Breckenridge quadrangle. Wagon Timber Branch, Donnell ranch, about 

7 miles west of Eliasville. So·callea "Upper Crystal Falls limestone," in Harpers­
ville formation. 

7594. Graham quadrangle. About 7 miles southwest of Graham and 3 miles 
northwest of South Bend, near mouth of a small ravine, half a mile east of 
Medlin ranch house. Graham formation, Wayland shale member, at about 
horizon of 9a limestone of No.9 post-Bunger cycle. 

7595. Same locality and horizon as 7448. 
7596. Same locality and horizon as 7543. 
7597. Same locality as 7368, but collection made from shales above and 

within 2 feet of Bunger limestone member of Graham formation. 
7598: Graham quadrangle. Two miles west of Stovall hot-water well, which 

is near South Bend; base of bluff near mouth and on west side of a small 
unnamed creek that flows northward into Brazos River about 1% miles south­
west of Medlin ranch house. Graham formation, Wayland shale member near 
horizon of 9a limestone ,of No.9 post·Bunger cycle. 



ADDENDA 

This paper was completed for publication before the compre­
hensive monograph on the cephalopods of the Carboniferous and 
Permian of Texas (The University of Texas Bulletin 3701) by 
Plummer and Scott was published. Consequently, most of the 
cephalopod names, as well as the names of many other fossils 
listed herein, follow the usage in the earlier report by Plummer 
and Moore (The University of Texas Bulletin 2132). The names 
which would have been used had Plummer and Scott's treatise 
appeared sooner may be determined by an inspection of that paper. 



NOTES ON THE RANGES OF FUSULINIDAE IN THE CISCO 

GROUP (RESTRICTED) OF THE BRAZOS RIVER 

REGION, NORTH-CENTRAL TEXAS 

LLOYD G. HENBESTl 

INTRODUCTION 

The following brief account of the fusulinid record in north­
central Texas is confined mainly to species of Triticites in the 
Cisco group (restricted) of the Brazos River region. On Brazos 
River no fusulinids were found higher than the Belknap limestone 
member of the Harpersville formation. To complete the section. 
samples are included from the Pueblo formation of the Colorad() 
River area. The Cisco group (restricted) lies near the middle of 
the Triticites zone. This zone, in broad terms, occupies the upper 
one-third of the Pennsylvanian and extends into the lower part of 
the Pseudoschwagerina zone, now generally considered as of lower 
Permian age. Cisco time, however, included the period of greatest 
expansion of genus Triticites, and as a consequence the Cisco con­
tains the best examples of their rapid evolution, abundance of indi­
viduals, and wide distribution-the most essential qualities of good 
guide fossils 'except in oil geology, where size and recoverability 
in small samples are also important. \ 

From the Brazos and Colorado River regions Mr. Lee and mem­
bers of his party collected over 280 samples of Fusulinidae. The 
collections represent in considerable detail the standard localities 
and known occurrences of the different members of the section, 
as well as a large number of the problematical or unidentifiable 
horizons that were encountered in field work. The small amount 
of time and assistance available permitted only the preparation 
of that part of the collections which was the most closely con­
nected with the stratigraphic problems. Accordingly, the study 
of collections of known position in the section was reduced to the 
bare essentials of erecting a standard and is not exhaustive. It was 
necessary to spend practically all the time on the Brazos River 
collections. For this reason it is to be expected that future studies 

lUnited States Gcological Survey. 
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may alter the ranges as indicated on the accompanying chart, 
Plate XI. 

Though incomplete, the record that was worked out for a local 
standard is interesting and useful. The ranges of different species 
are so distributed that an average complement of fusulinids ap­
pears to be sufficient for rather close correlation in most positions 
within the area. This apparent situation needs to be checked against 
the record in the Colorado River valley and considered critically 
with the possibility in mind that perhaps ecology may be a stronger 
influence than is recognized in the vertical distribution of fusulinid 
species. 

It seemed worth while to present a record of the Brazos River 
successio!,! as it now stands, as an aid to further work. The iden­
tifications are intended to be conservative, in order that the list 
may be used with more than the usual confidence accorded to 
routine faunal lists. 

To promote further accuracy and confidence, "Notes on Species" 
are included to qualify certain of the identifications appearing on 
the chart. This will enable other students of the group to compare 
the list with the results of their own studies. 

Several new or undescribed forms have been discovered, but as 
it is inappropriate to include here the writer's descriptions of these 
new forms, they have been listed as related to ("aff.") known 
species wherever it seemed possible by. so doing to convey an 
accurate notion of their character. Certain forms, however, are so 
distinct that they cannot be identified as relatives of known species 
without inviting misunderstanding. 

As indicated by the distribution of the fusulinids, only the upper part of 
the Missouri group is the age equivalent of the Cisco. Species of the lower 
part of the Missouri group are omitted from the chart, as they do not occur 
in the Cisco. The stratigraphic positions of the collections from the Brazos 
River area shown on the chart are those described in other papers in this 
volume. Specific data on the collections are listed by number at the end of 
this paper. 

NOTES ON SPECIES 

The following notes on the species are included ~nly for strati­
graphic information. The temporary and informal designations of 
species or varieties by letters of the alphabet have been purposely 
devised to avoid the complications that arise from the use of 
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manuscript names. Accordingly the writer 's manuscript names will 
be withheld until the descriptions are published. 

TRITICITES BEEDE 1 Dunbar and Condra , 1927 

Triticites beedei Dunbar and Condra, Nebraska Geol. Survey Bull. 2, 2d ser., 
pp. 96-98, pI. 5, figs. 1, 2; pI. 6, figs. 7-10, 1927. [Not T. beedei in White, 
Univ. Texas Bull. 3211, pI. 1, figs. 16 (?), 17, 18a- e; pI. 2, figs. 7- 9, 1932.] 

?Triticites consobrinus Galloway and Ryniker (MS.), in White, Univ. Texas 
Bull. 3211, p. 41, pI. 2, figs. 16-18, 1932. 

Triticites plununeri Dunbar and Condra var.?, in White, Univ. Texas Bull. 321I, 
f-p. 65-67, pI. 6, figs. 7-9, 1932. 

This species is well represented in the Texas region in typical 
form. Specimens from the post-Bunger cycle No. 9a limestone are 
so exactly similar to those illustrated by Dunbar and Condra that 
they might be mistaken for specimens in the same collection. At 
this next limestone below (post.Bunger cycle No.9) the species 
appears in very slightly less typica.l form and is a member of the 
triad (T. beedei, T. moorei, and T. plummeri along with their 
variants) that characterize that zone. In the post.Bunger cycle No. 
9b, T. beedei is a very minor element in the fauna. It is probably 
most abundant in the No. 9a zone. 

Earlier forms and variants of this species may easily be confused 
with T. cullomensis Dunbar and Condra. 

TRITICITES (sp. A) aff. (?) T. BEEDEI Dunbar and Condra, 1927 

This form was found in post-Bunger cycle o. 9b limestone. It 
has several features in common with T. beedei and may be related 
to that species, but it is slightly less ventricose and less closely 
enrolled. The walls appear thinner. It might as reasonably be 
considered a variety of T. ventricosus. 

TRITICITES CONSOBRINUS Galloway and Ryniker (MS.) in White, 1932 

Triticites consobrinus Galloway and Ryniker (MS.), in White, Univ. Texas 
Bull. 3211, p. 41, pl. 2, figs. 16- 18, 1932. 

The specimens illustrated by White seem so much like typical 
T. beedei from the middle limestone of the Wayland shale mem­
ber that the name T. consobrinus is not used in this list. 

TRITICITES CULLOMENSIS Dunbar and Condra, 1927 

In the collections that this author has examined from the north­
central Texas area no certain occurrences of T. cullomensis have 
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been discovered. At various horizons in the middle and upper parts 
of the Graham a few specimens resembling T. cullomensis have been 
seen, but most of them may reasonably be considered an immature 
stage of one of the associated fprms. For these reasons and owing 
to a certain degree of uncertainty about the distinctness of the 
species, the writer has been chary about recognizing it, and wherever 
listed its identification is questioned. 

TRITICITES MOOREI Dunbar and Condra, 1927 

Triticites moorei Dunbar and Condra, Nebraska CeoI. Survey Bull. 2, 2d ser., 
pp. 99-101, pI. 9, fig. 4; pI. 11, figs. 1-5, 1927. 

Triticites moorei Dunbar and Condra, in White, Univ. Texas Bull. 3211, pp. 
57-59, pI. 5, figs. 1-9, 1932. 

In the original description of this species no thin sections were 
figured. White, however, has ably supplied the needed figures based 
on topotypes. In its typical form the present writer has found the 
species only in the post-Bunger cycle No.9 limestone. T. moorei 
is easily recognized by its small size and abrupt expansion in the 
second or third volution. By its great numbers it may be consid­
ered the most prominent member of the Triticites beedei-moorei­
plummeri triad. 

TRITICITES (sp. B) aff. T. MOOREI Dunbar and Condra, 1927 

This form is larger than typical T. moorei and expands slightly 
less abruptly in the second or third volution. Owing to difficulty 
in distinguishing juvenile or dwarfed T. secalicus from this form, 
it is not possible to say with complete assurance that this is a 
variety of T. moorei. The range is likewise in doubt. A similar 
and possibly identical form was observed in the Salem School lime­
stone. The definitely known range is the same as that of T. moorei. 

TRITICITES PLUMMERI Dunbar and Condra, 1927 

Triticites plummeri Dunbar and Condra, Nebraska Ceol. Survey Bull. 2, 2d 
ser., pp. 98-99, pI. 6, figs. 1-6, 1927. 

Triticites plummeri Dunbar and Condra, in White, Univ. Texas Bull. 3211, 
pp. 63-65, pI. 6, figs. 1-6; pI. 9, figs. 1-3; pI. 10, figs. 1-4, 1932. 

?Triticites beedei Dunbar and Condra var.?, in White, Univ. Texas Bull. 3211, 
pp. 36-38, pI. 2, figs. 7-9, 1932. 

This unique species is abundant in the lower and middle parts 
of the Wayland shale member and may (according to collection 
[547) extend through the Thrifty formation. So far, observations 
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seem to indicate that the most typical form is restricted to the 
Triticites species beedei-moorei-plummeri zone, as the Thrifty speci­
mens generally are less compactly enrolled or in other varieties 
are very large. 

Occurrence in the Home Creek limestone member should be 
looked for, as the writer has encountered some evidence, of very 
uncertain value, which suggests that lower range. 

TRITICITES (sp. C) aff. T. PLUMMERI Dunbar and Condra, 1927 

?Triticites beedei Dunbar and Condra, in White, Univ. Texas Bull. 3211, pp. 
34-36, pI. 1, figs. 16-18, 1927. 

This variant is obviously closely related to T: plummeri but dif- . 
fers mainly in being ventricosely fusiform instead of spherical 
and extremely inflated. Its proportions and form are rather similar 
to those of T. beedei, from which, however, it is easily distinguished 
by its deeply plicated and basally fused, massive septa and thick 
keriotheca, which are characteristic of T. plummeri. 

Specimens of this general description are most common in the 
upper part of the Graham formation and possibly in the lower 
part of the Thrifty formation, but a few have been observed in the 
lower Graham. 

TRITICITES (sp. D) aff. T. PLUMMERI Dunbar and Condra, 1927 

Another variant of T. plummeri is prominent in the upper part 
of the Wayland shale member. This form is considerably larger 
than typical T. plummeri and is proportionately less closely coiled. 
Definite evidence of the upward limits of its range has not yet 
been worked out. 

TRITICITES SECALICUS (Say), 1823 

Triticites secaUcus (Say), in Dunbar and Condra, Nebraska GeoI. Survey Bull. 
2, 2d ser., pp. 104-108, pI. 7, figs. 1-7; pI. 8, fig. 6; pI. 11, fig. 7, 1927. 

A generalized, exten!;ively distributed species such a T. secalicus 
easily becomes a taxonomic catch-all. The range of variation is so 
great that it is a difficult form to work with in attempts at precise 
taxonomy and age determination. The author has used as the 
standard for identification Plate 7, figures 2, 3, and 5, of Dunbar 
and Condra, which seem to represent the typical form of the species. 
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TRITICITES SECALICUS Dunbar and Condra, 1927 
var. ORYZIFORMIS Newell, 1934 

This variety appears to be distinguishable in the Brazos River 
succession, although the identifications are not entirely clear. 

TRITICITES VENTRICOSUS (Meek and Hayden) 

The specimens of T. ventricosus from collection 654, are more 
like those described by Dunbar and Condra from the Hughes Creek 
shale of Condra in the Kansas· ebraska region than the higher 
form of the species. The range of this species (not including the 
lower, supposed prototypes) extends from the top of the Pennsyl­
vanian into lower Permian. Collection 654, however, is older than 
the Hughes Creek shale of Condra and probably belongs near the 
lower limits of the T. ventricosus range. 

TRITICITES (.p. H) 

Species H is new and is distinct from T. secalicus, with which 
it may perhaps have been identified in the past. The outstanding 
characteristics of this form are its slender, distinctly ellipsoidal 
shape, small number of septa, relatively slight septal plication 
throughout the central region, and very slight amount of epitheca. 
The chambers are so wide and so closely meridional in trend that 
many of the axial sections intersect very few septa in the central 
region. 

TRITICITES (.p. I) 

Near the middle of the range covered by species H described 
above is a ventricosely ellipsoidal species that differs from form H 
by its shorter and thicker shape and greater number of volutions. 
At the present state of study species I seems to be distinct from 
Triticitcs secalicus oryzi/ol'mis Newell. 

TRITICITES (.p. J) 

This large species is similar in shape and SIze to T. tumidus 
Skinner but has a massive wall structure somewhat more like that 
of T. plummeri. Even though epitheca is e~tensively deposited, the 
structure remains typically TritiGites-like. 

GROUP OF SPECIES N TO P 

In this category stands a group of three or possibly four species. 
They extend from the upper part of the Graham formation into 
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the lower Permian. They are characterized by very deeply and 
closely plicated septa, extensive epitheca, and numerous, rather 
compactly enrolled volutions. The keriotheca is generally obscured, 
more or less, by extensive epitheca and generally is composed of 
rather short, wide alveoli and thin alveolar walls. 

A description of these forms has been begun. 

Species N.-One of the most distinct members of the group is a 
fusiform species in post.Bunger cycle No. 9a limestone. This 
species is associated wIth T. beedei and T. ' plummeri. It is very 
easily distinguished by its Wedekindellina-like appearance, with 
the addition of deep and closely spaced septal plications. Its 
known range is restricted to the post-Bunger cycle No. 9a lime­
stone, but according to collection 675 it may range into the No. 
9b zone as well. 

Species D.-This species is very large and spherically inflated. 
In form and appearance it resembles T. tumidus Skinner. 

SpeciesP.-Though it belongs to the same group as species N 
and 0, this form is smaller and less ventricose than species O. 

SCHW AGERINA sp. 

In the Coleman Junction limestone {at station 664, Colorado 
River region} occurs a species of Schwagerina Moller emend. 
Dunbar and Skinner which is probably not identifiable with S. 
emaciata. This writer's specimens are sufficiently well preserved 
to exhibit the generic characters with assurance. This genus belongs 
to the Pseudoschwagerina zone and accordingly indicates Permian 
age in the same measure th,at Pseudoschwagerina does. 

IDENTIFICATION OF FUSULINID FAUNAS BY EXTERNAL 

FEATURES 

Even though a person should be chary about identifying Triti­
cites, and in fact most fusulinids, by their external features, an 
exception exists in the assemblage composed of T. beedei, T. moorei, 
and T. plummeri. Wherever these three are present, identification 
can be made with reasonable assurance of accuracy. Identification 
by external appearance of other assemblages of · Thrifty Or high 
Graham Triticites which included T. plummeri is probably less safe. 
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REGISTER OF LOCALITIES 

600. (W. Lee No. 1.) Young County, 7% miles' southeast of Graham, north 
bank of Brazos River, opposite and northeast of Herron Bend, base of steep 
bluff below road. Home Creek limestone (top member of Caddo Creek forma· 
tion, of Canyon group). 

601. (W. Lee No.2.) Young County, 7% miles southeast of Graham, near 
base of steep bluff below road, northeast of Herron Bend of Brazos River. 
Shale below thin yellow limestone overriding channel deposi t (Salem School 
limestone) . 

603. (W. Lee No.4.) Young County, 7% miles southeast of Graham on 
Finis road, in road cut north of Brushy Mound, in R. J. Kelly survey, abstract 
1813. Limy iron·stained bed about 4 inches thick and about 4.0 to 45 feet above 
Home Creek limestone. 

604. (W. Lee No.5.) Young County, 8 miles south·southeast of Graham, 
on top of high blu.fI on southeast side of Salem Bend of Braws River. Shale 
break in thick section of Gonzales limestone just above lO-foot massive limy 
sandstone. 

605. (W. Lee No.6.) Young County, 3% miles south of Graham, on top of 
bluff above north bank of Brazos River, one·fourth mile south of Wichita 
Falls & Southern Railroad, midway between mouth of Tonk Creek and mouth 
of Salt Creek. Just below lower bed of Bunger limestone. 

606. (W. Lee No.7.) Stephens County, 10% miles south-southwest of 
Graham and 3 miles south of South Bend, just south of Young-Stephens 
County line and 0.6 mile east of Graham-Breckenridge highway, on east side 
of Duff Branch, on road near base of escarpment. Just under post-Bunger 
cycle No. 3 limestone, an impure limestone about 100 feet above the Bunger 
limestone. 

609. (W. Lee No. 10.) Stephens County,S miles southwest of South Bend, 
where road along county line crosses Peveler Creek. Campophyllum and 
Syringopora zones. Believed to be same bed as No.8 (6 feet below post-Bunger 
cycle No.3 limestone) . 

611. (W. Lee No. 12.) Young County, 3 miles northeast of South Bend, 
at top of hill northwest of Breckenridge-Graha~ highway, on Sidney Mountain 
about one-half mile north of highway bridge over Brazos River. Near base of 
impure limestone about 135 feet above Bunger limestone. Post-Bunger cycle 
No.5 limestone. 

613. (W. Lee No. 14.) Young County, 2% miles northeast of South Bend, 
1 mile northwest of Graham-Breckenridge highway bridge over Brazos River, 
at so uth end of butte between forks of Kickapoo Creek. Collected from an ant 
hill. Equivalent to stations 611 and 612. Post-Bunger cycle No.5 limestone. 

614. (W. Lee No. 15.) Young County, 2% miles north of South Bend, on 
'west side of Kickapoo Creek one· fourth mile west of station 613, 0.6 mile south 
of secondary road crossing head of Kickapoo Creek. Post· Bunger cycle No.6 
limestone, 135 feet above Bunger limest~ne. 

618. (W. Lee No. 19.) Young County, .314 miles west-northwest of South 
Bend, one· fourth mile northwest of highway west of Stovall hot·water well, 
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one· fourth mile south of Salt Fork of Brazos River, in small drain above sand. 
stone bluff. Post.Bunger cycle No. 7 limestone, about 165 feet above Bunger 
limestone. 

619. (W. Lee No. 20.) Young County, 3% miles west·northwest of South 
Bend, on shoulder on east side of mouth of small creek entering Salt Fork 
of Brazos River from south, 1% miles slightly west of south of Medlin ranch 
house and one·half mile southwest of Salt Fork of Brazos River. Middle of 
three beds equivalent to post·Bunger cycle No. 7 limestone. 

619A. (W. Lee No. 21.) Same locality as 619. Shale below lower of three 
beds equivalent to post· Bunger cycle No. 7 limestone. Collection washed from 
shale. 

625. (W. Lee No. 26.) Young County, three·fourths mile northwest of court· 
house at Graham, on west si de of Salt Creek below dam, about 80 feet above 
creek (Cummins' locality). Post·Bunger cycle No.9, No.9 limestone (in Way. 
land shale member). 

628. (W. Lee No. 29.) Young County, 1% miles west·southwest of Tonk 
Valley School, in road ditch about 150 yards south of Lindsey·Seddon well. 
Post·Bunger cycle No.9, No.9 limestone (in Wayland shale member). 

629. (W. Lee No. 30.) Young County, 2 miles west·southwest of Tonk 
Valley School and 100 yards north of secondary road west from Tonk Valley 
School, at head of Kickapoo Creek. Post· Bunger cycle No.9, No.9 limestone 
(in Wayland shale member). 

630. (W. Lee No. 31.) Young County, 214 miles west·southwest of Tonk 
Valley School, on Laquey farm, at southwest corner of A. Iryjn survey, abstract 
l779, at foot of small butte about 200 yards north of road and about 200 yards 
west of Laquey house. Post·Bunger cycle No.9, No.9 limestone (in Wayland 
shale member). 

631. (W. Lee No. 32.) Young County, 7% miles southwest of courthouse 
at Graham, one·half mile east of Medlin ranch house, at mouth of small drain 
north of Salt Fork of Brazos River, at north end of sandstone bluff. Post. 
Bunger cycle No.9, No. 9a limestone (in Wayland shale member). 

633. (W. Lee No. 34.) Young County, 2% miles west of South Bend, on 
side of butte north of Graham Lake, northwest of Clear Fork of Brazos River 
and south of highway running west from Stovall hot·water welL Post·B!1nger 
cycle No.9, No. 9a limestone (in Wayland shale member), 28 feet above post· 
Bunger cycle No.7 limestone. Hand·picked collection. 

634. (W. Lee No. 35.) Same as locality 633 but taken from ant hilL 

635. (W. Lee No. 36.) Young County, 3% miles southwest of South Bend, 
on north side of Gear Fork of Braws River, 100 yards north of South Bend· 
Eliasville highway. Post·Bunger cycle No.9, No. 9a limestone (in Wayland 

shale member). 
642. (W. Lee No. 43.) Young County, 5% miles southwest of Graham, 

114 miles southeast of Medlin Chapel, on ' north side of Choate Creek, below 
high butte capped with ' Blach Ranch limestone. Post·Bunger cycle No.9, 
No. 9b limestone (in Wayland shale member). 
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645. (W. Lee No. 46.) Young County, Ph miles west· northwest of Eliasville, 
on south hank of Gage Creek. About 20 feet below Ivan limestone member of 
Thrifty formation. 

647. (W. Lee No. 48.) Young County, 3 miles west of Eliasville, on ridge 
one·half mile south of Eliasville-Throckmorton road. Breckenridge limestone 
member of Thrifty formation_ (The specimens are strikingly s.imilar to those 
from post-Bunger cycle No.9, No. 9a limestone (in Wayland shale member) .) 

652. (W_ Lee No. 53.) Stephens County, on north side of Clear Fork of 
Brazos River, 1% miles northeast of Crystal Falls bridge over Clear Fork, on 
hill northwest of Crystal FalI; -Eliasville road_ Collection hand-picked. Crystal 
Falls limestone member of Harpersville formation. 

654. (W. Lee No. 55. ) Same locality as 652. "CI" ·bed, about 20 feet above 
Breckenridge limestone and in lower part of Harpersville formation . 

655. (W. Lee No. 56.) Young County, 8% miles southwest of Graham, 
near top of high 'bluff one-half mile southwest of Graham-Graford road and 
nearly due south of Christie oil pool, on J. H. Me Lauren land. Middle bed of 
Gonzales limestone member of Graham formation. 

659. (W. Lee No. 59.) Young County, one-half mile northeast of New­
castle, 300 yards north of Plummer and Moore locality 55.1 and north of road 
corner. Belknap limestone member of Harpersville formation. 

663. (W. Lee No. 63.) Coleman County:, 4 miles' southeast of Santa Anna, 
at Gladys Belle-Shaffer Pope lease warehouse, at southwest corner of block 11, 
north one-half of M. Martinez survey 751. Top of Saddle Creek limestone mem­
ber of Harpersville formation, Colorado River section. Collected by M. G. 
Cheney. 

664. (W. Lee No. 64. ) Coleman County, on north side of highway on 
escarpment immediately north of Coleman Junction. Yellow bed at top of 
Coleman Junction limestone member of Putnam formation (Colorado River 
section) . 

666. (W. Lee No. 66.) Young County, 1 mile west of courthouse at Graham, 
on west side of Salt Creek above dam (Cummins' locality) . Wayland shale 
member, 1 foot below No.9 limestone of post-Bunger cycle No.9 (in Wayland 
shale member). 

668. (W. Lee No. 68.) Young County, one-half mile northeast of New­
cas tl ~, south of corner of old road crossing. Plummer and Moore locality 55.I. 
Belknap limestone, according to Plummer and Moore. 

672_ (W. Lee No. 72.) Young County, 4% miles southeast of Bunger, on 
north side of Ming Bend road by Newby house, at top of hill and across 
road from United States Geological Survey bench mark H 11, 1924. Gonzales 
limestone member of Graham formation_ 

673. (W. Lee No. 73.) Young County, 2 miles northeast of Graham, at 
.north end of hill east of oil field. Post-Bunger cycle No.9, No. 9 limestone 
(in Wayland shale member) . 

674. (W. Lee No. 74.) Young C~unty, about 3 miles northeast of Graham, 
. north of oil field and west of Graham-Loving road. Post-Bunger cycle No.9, 
No.9 limestone (in Wayland shale member). 
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675. (W. Lee No. 75.) Young County, about 4 miles northeast of Graham, 
600 feet southeast of road leading by Rocky Mound Schoolhouse, one· fourth 
mile southwest of schoolhouse. Just below Wayland limestone No. 9b limestone 
of post·Bunger cycle No.9 (in Wayland shale member). 

676. (W. L~e No. 76.) Young County, about 4 miles northeast of Graham, 
near Rocky Mound Schoolhouse, on south side of ridge, at top of Wayland 
shale section below outcrop of Rocky Mound limestone under Avis sandstone 
on spur above tank. Probably residual material from limestone No. 9b. (The 
specimens in this lot are giants. They agree rather closely otherwise with 
the typical forms of the species.) 

677. (W. Lee No. 77.) Young County, about 4 miles northeast of Graham, 
about one·half mile southeast of road by Rocky Mound Schoolhouse, at washed· 
out head of gully 200 yards west of old road, at south corner of Rocky Mound. 
Twin beds of limestone at top of Wayland shale section. Post·Bunger cycle 
No. 9b limestone (in Wayland shale member ) . (See note to station 676.) 

678. (W. Lee No. 78.) Same locality as 677. Bed 40 feet below twin lime· 
stone beds (No. 9b limestone of Wayland shale member) . Post·Bunger cycle 
No.9, No. 9 (?) limestone (in Wayland shale member). 

679. (W. Lee No. 79. ) Young County, 512 miles northeast of Graham along 
Chicago, Rock Island & Pacific Railway, on hill one·fourth mile northwest of 
Dakin switch . Limestone No. 9(?) of post·Bunger cycle No.9. 

683. (W. Lee No. 83.) Young County, about 8 miles northwest of Elias· 
ville, at top of low ridge west 6f Nash & Windfohr oil pool, on Vick ranch. 
Belknap limestone member of Harpersville formation. 

684. (W. Lee No. 84.) Yo'ung County, 512 miles west of EliasviIle, beside 
east·west road. Greenish 'crystalline limestone. Belknap limestone member 
of Harpersville formation. 

685. (W. Lee No. 85.) Young County, about 312 miles northeast of Graham, 
at head of ravine southeast of Graham·Loving road and second ravine west 
of road across Rocky Mound. Upper part of Rocky Mound limestone member 
of Graham formation, in post·Bunger cycle No.8. 

689. (W. Lee No. 89. ) Young County, about 5 miles northwest of Elias­
ville, in Donnell pasture at head of Gage Creek. Belknap limestone member 
of Harpersville formation. 
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acknowledgments: 8, 9 
Adams Branch limestone: 96, 98, 99, 100, 

102-103 
fossils from: 153 

ammonoid-bearing shale: 184 
below Gunsight limestone : 190 

ammonoids: 181 
ammonoid zone: HI, 143, 147, 159, 160 

fossils from: 168-169 
Avis sandstone: 39, 40, 42, 43, 50, 52, 54, 

56, 58, 122, 123, 139, 146, 147, 194 
Bay, Harry: 14 
Belknap limestone: 67-70, 73, 148, 202, 

210, 211, 237 
fossils from: 205-207 
section of: 69 

Bellerophon limestone: 91, 121, 122, 123, 
124, 139, 148, 183, 198, 200 

fossils from: 198 
Bend flexure: 143 
Blach Ranch limestone: 54, 56, 58, 60, 

128, 194-196, 200 
fossils from: 195-196 
section of: 59 

black shale: 17, 46, 50 
Bluff Creek shale: 115, 118- 119, 184, 193 

section of: 119 
thin limestone in: 192 

Brad formation: 13, 103, 108- 115, 150, 
154-156 

age and correlation: 155 
fossils from: 154 
section of : 112, 116 
thickness of: 138, 140 

Brazos Basin ·: 192 
Brazos River valley: 150 

distribution of species, table showing: 
220-225 

fossil zones in: 202 
fossils from: 152-219 

Breckenrido:e limestone: 54, 61, 67, 128, 
HI, 151, 194, 200 

fossils from: 196-197 
Brown County: 91-138 
Bullard, Fred M.: 91, 109, 110 
Bunger limestone; 12, 19, 22-24, 25, 42, 

60, HI, 142, 159, 160, 161, 176, 182, 
190 

fossiliferous sha le above: 181 
fossils from: 164-168 
section of: 20, 21, 22, 24, 25 
shale zone above: 163 

Bunger oil pool: 15 
buried ridge: 47, 51, 89 
Caddo Creek formation: 13, 23, 108, 110, 

115-118, 119, 150, 156-159, 161, 184 
correlation between Brazos and Colo-

rado River valleys: 158-159 
fossils from: 156-159 
section of: 115 
thickness of : 84, 138, 140 

Camp Colorado limestone: 74, 75, 76, 79-
80, 132, 134, 137, 151, 212 

fossils from: 213, 214 
fossils from thin limestone below: 214 
section of: 76, 77, 78 

Camp Creek shale: 132, 133, 213 
section of: 132 

Campophyllum: 21, 32, 35, 37, 49, 53, 108 
Canyon group: !H, 94-95, 119, 139, 141, 

143, 149, 150 
section of: 98, 115 
thickness of: 84, 138, 140 

Capps limestone: 91, 94, 98, 100 
Cedarton shale : 97, 104, 112 

fossils from: 154 
section of: 105, 107, 112 

Chaffin coal: 60, 125, 126, 127 
Chaffin limestone: 91, 122, 126, 127-128, 

130, 151, 198, 200 
fossils from : 199 
fossils from thin limestone in: 199 
type locality : 199 

Cheney, M. G. : 95, 96, 100, 103, 139, 144 
Cheney, R. B.: 7 
Cherty limestone: 113 
Cisco group: 11, 115, 118, 119, 149, 151 

section of: 119 
thickness of: 84, 138, 140 

Clear Creek limestone: 96., 150 
"Cl" limestone: 202 

fossils from : 202- 203 
coal : 60, 68, 69, 87, 125, 126, 127, 130 
Coleman County: 91-138 
Coleman Junction limestone: 82, 83, 137, 

149, 151, 218, 243 
fossils from: 218-219 
fossils from limesto ne below: 218 

collecting localities, register of: 226-235, 
244-247 

Colorado Basin: 192 
Colorado River valley: 150 

distribution of species, table showing: 
220-225 

.foss il wnes in : 208 
fossils from: 152- 219 

comparison of faunas of marine Elhale 
above Salem School limestone with 
faunas from ammonoid zone: 169-
171 

Condra, G. E.: 212, 215, 242 
conglomerate: 20 

near Cisco: 68 
conglomeratic limestone beds: 98 
Cook Mountain sandstone: 132 
Coon Mountain sandstone: 133-134 
Crystal Falls limestone: 64-65, 66, 74, 202 

fossils from: 203 
Cuyler, Robert H.: 91, 109, 110 
cycles: 85-86 
Des Moines group: 155 
distribution of species, table showing: 

220-225 
Drake, N. F.: 108, 120, 122, 123, 124, 125, 

129, 132, 150, 154, 158, 183, 193, 213 
Drake's bed No. 13, fossils from: 214 
Dunbar, C. 0.: 212 
Fenn. Ivan J.: 7, 149 
formations, thickness of, table showing: 

84, 138, 140 • 
fossiliferous shale ahove Bunger lime­

stone: 192 
fossil collections, stratigraphic location 

of : 162 
fossil leaves : 14 
fossil localities , register of: 226-235, 244-

247 
fossil plants: 32, 52, 76, 125, 135 
fossils from 

Adams Branch limestone: 153 
ammonoid-bearing shale below Gun-

sight limestone: 184 
ammonoid zone: 168-169 
Belknap limestone: 205-207 
Bellerophon limestone: 198 
Blach Ranch limestone: 195-196 
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fossils from, continued 
Brad formation, Colorado River valley: 

154 
Brazos River valley: 149-219 
Breckenridge limestone: 196-197 
Bunger limestone : 164- 168 

limestone bed above: 171 
shale 60 to 80 feet above: 172 

Caddo Creek f ormation, Brazos River 
valley: 156-157 

Colorado River valley: 157-159 
Camp Colorado limestone: 213, 214 

thin limestone below: 214 
Cedarlon shale: 154 
Chaffin limestone: 199 

limestone in: 199 
"Cl" limestone beds: 202-203 
Coleman Junction limestone: 218-219 

limestone below: 218 
Colorado River valley: 152-219 
Crystal Falls limestone: 203 
Drake 's bed No. 13 : 214 
Gonzales limestone : 164 
Graford formation, Colorado River val­

ley: 152-154 
Graham formation, Brazos River val­

ley: 160-183 
Colorado River valley: 183-194 

Gunsight limestone : 185-186 
Harpersville formation, Brazos River 

valley: 202-207 
Colorado River valley: 208-210 

H orse Creek limestone: 216 
thin limestone above: 216, 217 

I van limestone: 195 
Kisinger channel: 161 
limestone ahove Bunger limestone: 171 
limestone above Home Creek limestone: 

184 
limestone above Horse Creek lime­

stone: 216, 217 
limestone above Saddle Creek lime­

stone: 213-214 
limestone below Camp Colorado lime­

stone: 214 
limestone below Coleman Junction lime-

stone: 218 
limestone below Sedwick limestone: 217 
limestone in Chaffin limestone : 199 
limestone of N o. 3 post-Bunger cycle: 

172 
limestone of No.5 post-Bunger cycle: 

173 
limestone of No. post-Bunger cycle: 

174 
limestone of No. post-Bunger cycle: 

174 
limestone of No. 9 post-Bunger cycle: 

177, 182, 183 
Moran formation, ~razos River val­

ley: 215- 216 
Colorado River valley: 216-218 

Pueblo formation, Brazos River val­
ley: 213 

Colorado River valley: 213-214 
Putnam formation, Colorado River val-

ley: 218-219 
Saddle Creek limestone: 207, 209-210 
Salem School limestone: 161- 163, 164 
Sedwick limestone: 217 

limestone below: 217 
shale 60 to 80 feet ahove Bunger lime-

stone: 172 
Speck Mountain limestone: 198 
S tockwether limestone: 214 
Thrifty formation. Brazos River val­

ley: 194-197 
Colorado River valley: 198-200 

Trickham shale: 186-188 

fossils from, continued 
unnamed limestone: 194 
Upper Crystal F a lls limestone: 203-204 
Waldrip limestone: 204-205, 208-209 
Wayland s hale : 178, 179-180, 186-188 
Winchell member: 154 

fusulinid collections, report on: 48, 49 
Fusulinidae: 237-243 
Gant, A . B.: 181 ' 
Girty, G. H.: 219 
Gonzales limestone: 12, 16, 18- 19, 21, 142, 

143, 147, 161, 190 
fossils from: 164 
section of: 17, 18, 20 

Graford formation: 93, 96-107, 149, 150 
age and correlation : 154 
basal shale and limestone member: 152-

153 
fossils from: 152-154 
section of: 98, 99, 104, 106, 112 
thickness of: 138, 140 

Graham formation: 11 , 12-54, 110, 115, 
118-121, 139, 141, 14-3, 149, 161, 159-
194, 201, 212, 241, 242 

age and outside correlation : 193-.94 
correlation of m embers, 188-193 
fossil zones in Brazos Valley : 160-161 
fossil zones in Colorado River valley: 

183-184 
fossils from: 159- 194 
section of: 52, 121 
thickness of: 84, 138, 140 

Gunsight limestone: 46, 53- 54, 91, 119-
120, 121, 151, 160, 176, 183, 184-185, 
190, 191, 192 

f ossils from: 175-177, 185-186 
section of: 119 
type locality: 175, 193 

gypsum: 17 
Hardin School limestone: 92 
Harpersville formation: 11, 61-74, 128-

132, 133, 151, 201, 202-212, 213, 215, 
237 

correlation of m embers of: 210-211 
faunal data for distinguishing from 

adjacent formations: 211-212 
fossil zones in Brazos River va1ley: 

202 
fossil zones in Colorado River valley: 

208 
fossils from: 202-212 
outside correlation: 212 
section of: 62, 66, 69, 71, 72, 128-129 
thickness of: 84, 138, 140 

Henbest, Lloyd G.: 7, 48, 49, 50, 88, 150, 
160 

Hill, R. T.: 100, 103 
Hog Creek shale: 115, 116, 150, 156 

section of: 116 
Home Creek limestone: 13, 15, 16, 21, 

91, 108, 109, 110, 115, 116-118, 119, 
142, 150, 151, 154, 156, 157, 158, 159, 
161, 184, 192, 241 

section of: 115 
Horse Creek limestone: 92, 135, 216 

fossils from: 216 
fossils from. thin limestone above: 216, 

217 
Hudnall, J. S.: 117 
Hueco limestone: 219 
Hug hes Creek shale: 242 
Invertebrate fossils. See fossils . 
Ivan limest one: 54, 57, 58, 194, 200 

fossils from: 195 
Kansas City group: 155, 156 
Kisin~er channel: 12, 21, 85, 89, 139, 146, 

161 
fossils from: 161 
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Klinger, Edgar D.: 7, 143 
Lacasa area: 20, 141 
Lansing formation: 156, 193, 194, 201 
Lee, Wallace: 7, 149, 153, 172, 186, 195, 

204, 213, 215, 219 
limestone above Bunger limestone, fos­

sils from: 171 
limestone above Home Creek limestone, 

foss ils from: 184 
limestone above Horse Creek limestone, 

fossils from: 216, 217 
limestone below Camp Cblorado limestone, 

fossils from: 214 
Jimestone below Coleman J unction lime-

stone, fossils from: 218 . 
limestone below Sedwick limestone, fos­

sils from: 217 
limestone in Chaffin limestone, fossils 

from : 199 . 
limestones of post-Bunger cycle, fossils 

from: 172, 173, 174, 177, 182, 183 
localities, register of: 226-235, 244-247 
Lohn shale: 122, 125- 126 
McCulloch County: 91 
Marmaton formation: 193 
Merriman limestone : 9, 96, 103 
Mineral Well. formation: 91-94 , 98 
Miser, H . D.: 145, 149, 153, 186 
Missouri group : 238 
Moran formation: 11, 76, 77, 78, 79-80, 

134-137, 151, 215-218 
correlation of: 218 
fossil zones from Colorado River val-

ley: 216 
fossils from: 215-218 
section of: 81, 136- 137 
thickness of: 84, 138, 140 

Moore, R. C.: 94, 150, 154, 156, 157, 158, 
159, 161, 175, 181, 182, 184, 190, 191, 
192, 193, 200, 211, 213, 215, 218 

Myalina-bearing limestone: 202 
fossils from: 207 

normal post-Bunger sequence: 25, 26, 27, 
28 

North Leon limeston e : 21, 22, 142, 143 
Newcastle coals: 68, 69, 87 
Nickell, C. 0.: 7, 149, 153, 186, 200 
Ouachita belt: 144, 145, 147 

mountains: 14, 86, 143, 146 
Paleontology. See fossils. 
Palo Pinto limestone: 91, 94, 96, 97, 98, 

99, 100, 139, 141, 150 
thickness of: 140 

Parks Mountain sandstone : 125. 126- 127 
Pennsylvanian system: 11-79, 91-134 

thickness of: 84, 138, 140 
Permian 

of Kansas: 219 
of N ebraska: 219 
question : 218 
system : 79-84, 134-137 
thickness of: 138, 140 

Placid shale: 97 
plant fossils: 32, 52, 76, .125, 135 
Plummer, F. B.: 92, 95, 139, 150, 154, 

156, 157, 158, 159, 161, 175, 181, 182, 
184, 190, 191, 192, 200, 211, 213, 215, 
218 

post-Bunger cycles: 25-53 
fossils from limestones of: 172, 173, 

174, 177, 182, 183 
No.1: 26- 28, 85 
No.2: 28-30, 45, 85, 160 
No. 3: 26, 31-32, 160 

fossils from: 172 
No.4: 32-33 

post-Bunger cycles, continued 
No.5: 25, 27, 32-34, 160 

fossils f rom: 173 
No.6: 34-37, 51, 85, 160 

fossils from: 174 
No.7: 29, 33, 36, 37-39, 41, 146, 160 

fossils from: 174 
section of: 52 

No.8: 39-43 
No.9: 29, 43-53, 85, 89, 146, 160, 239, 

240 
fossils from: 177, 182, 183 
section of: 52 

No. 9a limestone: 243 
sections of : 29, 30, 32, 33, 36, 40, 

45, 50, 51, 52 
Pseudoschwauerina zone: 237, 243 
Pueblo formation: 11, 74-79, 80, 132-134, 

137, 151, 212-215 
Brazos River valley: 213 
correlation of members of: 215 
foss il zones in Colorado River valley: 

213 
fossils from: 212-215 
outside correlation: 215 
section of: 71, 72, 75, 132- 133 
t hick ness of: 84, 138, 140 

Putnam formation: 79, 82-84, 149, 151, 
218-219 

correlation of: 219 
fossils from: 218- 219 
section of: 83, 137 
thickness of: 84, 137, 138, 140 

Ranger district: 20 
Ranger limestone: 13, 97, 109, 110, 111, 

113, 114-115, 150, 154, 155, 158 
section of: 112, 116 

Read, Charles B.: 14, 52, 125, 135, 150, 
160 

Reeves, Frank: 14 2 
Ricker sandstone: 92-94, 98, 101 

section of: 98 
Rochelle conglomerate: 94 
Rocky Mound limestone: 40, 42, 54, 56 
Ross, C. S.: 20, 141, 142 
Saddle Creek limestone: 61, 68, 70, 71, 

72-74, 128, 131-132, 133, 151, 202, 
211 , 212 

fossils from: 207, 209-210 
fossils from thin limestone above: 213-

214 
type locality : 209 

Salem School limestone: 12, 16, 85, 139, 
161, 190, 240 

fossils from: 161-163, 164 
section of: 17 

Santa Anna Branch shale: 135, 137 
section of: 136 

Schwaoerina sp.: 243 
section of 

Belknap limestone: 69 
Blach Ranch limestone: 59 
Bluff Creek sha le: 119 
Brad formation: 112, 116 
Bunger limestone: 20, 21, 22, 24, 25 
Caddo Creek formation: 115 
Camp Colorado limestone: 76, 77, 78 
Camp Creek shale: 132 
Canyon g r oup: 98, 115 
Cedarton shale: 105, 107, 112 
Cisco group: 119 
Gonzales limestone: 17, 18, 20 
Graford formation: 98, 99, 104, 106, 112 
Graham formation: 52, 121 
Gunsig ht limestone: 119 
Harpersville formation: 62, 66, 69, 71, 

72, 128-129 
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section of, continued 
Hog Creek shale: 116 
Home Creek limestone: 115 
Moran formation: 81, 136-137 
post-Bunger cycles: 29, 30, 32, 33, 36, 

4~ 4~ 50, 51, 52, 72 
Pueblo f ormation: 71, 75, 132-123 
Putnam formation: 83, 137 
Ranger limestone: 112, 116 
Ricker sandstone: 98 
Salem School limestone: 17 
Santa Anna Branch shale: 136 
Strawn group: 98, 99 
Thrifty formation: 52, 58, 121, 122, 124 
Waldrip bed : 128- 129, 129-131 
Watts Creek shale: 136 
Wayland shale: 50, 52, 121 
Winchell member: 104, 106, 112 

Sedwick limestone: 79--82, 92, 135, 136, 
137, 151, 216 

fossils from: 217 
fossils from limestone below: 217 

Sellards, E . H.: 218 
septaria: 65 
shale 60 . to 80 feet above Bunger lime-

stone, fossils from: 172 
Shumard, B. F.: 219 
Smith, J. P. : 181 
Speck Mountain bed: 91 
Speck Mountain clay: 122, 123, 124 
Speck Mountain limestone : 122, 124-125, 

126, 200 
fossils from: 198 

Staff limestone: 103 
Stockwether limestone: 78, 79, 132, 134, 

213 
f ossils from: 214 

Strawn group: 91-94, 144 
section of: 98, 99 

summary of formations : 84 
Syringopora limestone: 157 
table showing 

distribution of species: 179, 220-225 
thickness of formations: 84, 138, 140 

thickness of formations: 84, 138, 140 
Thrifty formation: 11, 54-61, 122-128, ' 

139, lSI, 194-202, 211, 212, 240, 241 
Brazos River valley, fossils from: 149-

197 
correlation of members of: 200 
faunal m eans of differentiating from 

adjacent formations: 201 
fos si l zones in Brazos River valley: 194 : 
fossil zones in Colorado River valley: t 

198 
fossils from: 194-202 

Thrifty formation, continued 
outside correlation of: 201 
section of: 52, 58, 121, 122, 124 
thickness of: 84, 138, 140 

Trickham shale: 120, 183, 193 
fossils from: 186-188 

Triticites: 237 
beedei: 239 
consobrinus: 239 
cullomensis: 239 
moorei: 240 
plummeri: 240 . 
secalicus: 241 
secalicus var. oryziformis: 242 
species A: 239 
species B: 240 
species C: 241 
species D: 241 
species H to P: 242-243 
ventricosus: 242 

Uddenite. zOne: 194 
unnam ed limestone, fossils from: 194 
"Upper Crystal Falls limestone": 66-70, 

74, 202 
fossils from: 203-204 

Virgil series: 193, 194 
Waba'unsee group: 201, 202 212, 215 
Waldrip limestones: 148, 2~2, 210, 211 

fossils from: 204-205, 208-209 
section of: 128-129, 129--131 

Watts Creek shale: 135 
section of: 136 

Wayland shale: 12, 24, 45-53, 85, 88, 
119, 120- 121, 139, 151, 160, 176, 183, 
190, 191, 192, 193, 198, 239, 240, 241 

Brazos River valley, faunal character­
istics: 181 
comparison of faunas with other 

zones in Graham formation : 181-
182 

fossils from: 178, 179-180, 186-188 
section of: 50, 52, 121 

Wells, Lloyd E . : 7, IS, 89, 139 
Wewoka fauna: 193 

formation: 155 
White, M. P.: 239, 240 
Wichita g roup: 79-84, 134-137, 149, 151 

thickness of: 84, 138, 140 
Williams, James Steele: 7, 148, 153, 195 
Winchell member: 9, 91, 97, 104, 105-

107, 112, 150 
fossils from: 154 
section of : 104, 106, 112 

Yockstick, F. F .: 7, 149, 153, 186, 214, 
217, 218, 219 
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