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The benefits of education and of
useful knowledge, generally diffused
through e community, are essential
to the preservation of a free govern-
ment.

Sam Houston

Cultivated mind is the guardian
genius of Democracy, and while guided
and controlled by virtue, the noblest
attribute of man. It is the only dictator
that freemen acknowledge, and the
only security which freemen desire.

Mirabeau B. Lamar
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Frederick Byron Plummer served The University of Texas faithfully and
well from 1928 to 1947 as Professor of Petroleum Engineering and Geologist
in the Bureau of Economic Geology. A host of former students will always
treasure memories of his inspired teaching and generous interest in their
welfare. His contributions to knowledge of the geology of Texas cover a
wide range of subjects.

The problems of Carboniferous stratigraphy and paleontology of central
Texas were a conlinuing interest with him. His early report with R. C.
Moore, “Stratigraphy ol the Pennsylvanian Formations of North-central
Texas,” The University of Texas Bulletin 2132, was the first comprehensive
regional report on this subject. The present report in a sense is a progress
report of results of his research up to the time of his death. Had he lived
it would have been revised and extended. However, it contains so much
basic and detailed informalion that any future progress in this important
area of Texas geology will be based on this work.




CONTENTS

Pace

Introduction 7
Location 7
Physiography 8
Climate 9
Vegetation 10
Industry . 11
References 12
Historical resumé R 12
Previous geological work .. 12
Present work e 16
References ... . o 16
Pre-Carboniferous strata ... 17
Cambrian system 17
Ordovician system __ 18
Devonian system ... ... .. 19
References ... . 19
Carboniferous strata 20
Mississippian system _ . . 20
Chappel formation .. 20
Barnett formation 32
Pennsylvanian system ... 46
Marble Falls group ... 46

Sloan formation .. e 52

Big Saline formation ... 57

Gibbons conglomerate .. e e 61

Brook lentil 64

Aylor Bluff member ... . o 64

Lemons Bluff member _ . .. o 66

Soldiers Hole lentil .. O 70

Brister Bluff lentil . . 71

Smithwick formation 7

SEEAWN  ZTOUD oo o o oo e et e er e e e e e 83

Canyon group .o . 88
Rochelle conglomerate ... ... ... .. ... 93

Brownwood shale member .. 94

References on stratigraphy of Carboniferous formations . . . ... 99
Post-Carboniferous strata 101
Cretaceous system _ 101
General relationships 101

Travis Peak formation 102
Sycamore sand 102

Cow Creek Hmestome o e o e 104

Hensell sand 105

Glen Rose limestone 106

Paluxy sand 109

Walnut clay 109
Comanche Peak limestone 111
Edwards limestone 113
References on the Cretaceous 116

Index o 161




ILLUSTRATIONS

Ficures— PacE
1. Location of the Llano region in relation to principal geologic features in Texas...... .. . 7
2. Principal streams of central Texas showing drainage pattern.. ... .9
3. Variation in rainfall in Texas from 1932 to 1942 - 10
4. Annual temperature range at Llano and Lampasas - 10
5. Route of travel of Ferdinand Roemer in his early pioneer explorations through thc

Llano region R 13
6. Graphic columnar section showing qtratlgldphlc 1elat10nsh1ps and average thicknesses
of the Lllenburger hmestone, Mlb:lssmplan formations, and Lower Pennsylvanian
formations in the Llano region ... . . _ - 21
7. Map and cross section of Post Oak smk cast of Cherokee, San Saba County ,,,,,,,,,,,, . 25
8. Cross section through White’s Crossing sink, Mason County . 26
9, Cross section through Honey Creek sink, Mason County ... ... ... . 26
10. Cross section through Brady-Mason highway sink, McCulloch County_... oo 27
11. OQutcrop of Barnet shale and Ellenburger limestone in Onion Creek valley, McCulloch
County, cross sections, and columnar sections of the Barnett shale penetrated in
three pits 33
12. Columnar sections and correlations of the Texas and Arkansas formations that are
Chester equivalents . . . 42
13. Columnar sections of strata of the Big Saline formation south of Colorado River...___ .. 56
14. Stratigraphy of the Canyon group showing differences in interpretation of stratigraphic
boundaries by different geologists. ... e e 89
PLATES—

Gorman Falls, southeast of Bend, San Saba County
1.

0L N e W N

d o Juad
[N

13.
14.
15.
16.
17.
18.

19,

20.

2L
22

Frontispiece

Geologic map of Llano area . . . . .. In pocket
Ellenburger limestone e e . 110
Chappel limestone ... _ R b1 |
Typical graphic columnar sections of the Chappel formation . _ . In pockv
Typical fossils found in the Chappel formation...____. e e e e oo 122
Typical graphic sections of the Barnett formation e In pocket
Barnett formation . e e o124
Typical fossils found in the Balnett form'mon 126
Graphic sections of the Marble Falls formation - In pocket
Big Saline formation ... I 129
Typical fossils of the Sloan formation .. .. e e 132
Typical fossils of the Big Saline formation ___ R 136
Marble Falls group ... S e ot e o 139
Typical fossils of the Lemons Bluf‘f memhel of the Big Salme folmatlon B 142
Smithwick formation e e e e 145
Typical graphic sections of the Smithwick formation .. ... S I 147
Typical fossils of the Smithwick formation .. ... _ .. 148
A, Surface of flagstones from Strawn group showing trails and other markm(rs

B, Rochelle conglomerate at the base of the Canyon group showmg typlca] develop-
Typical fossils of the Strawn group.. .. . . 154
Geologic map of the Brady area, McCulloch County, showing outcrop of Rochelle con-

glomerate and other geologic formanons [ In pocket
Typical fossils of the Canyon group..... .. e e et et % en e e 158

Map of northern San Saba and Iampasae counties showing test pils in Baineit shale
and columnar sections showing thickness of shale and amount of contained oil In pocket

CHARTS—

1

2.
3.
4.

Chappel species and correlative strata in Missouri, Illinois, and New Mexico.. Facing p. 30
Distribution of Barneit species at numerous localities in central Texas ... . 41
Distribution of Marble Falls species at numerous localities in central Texas In pocket

Distribution of Smithwick species at several localities in ceniral Texas ... ... ... _ 82



CARBONIFEROUS ROCKS OF THE

LLANO REGION OF CENTRAL TEXAS

F. B. Plummer
INTRODUCTION generally are exposed in the outer part of
this circular area, resting on older Paleo-
Location

This report deals primarily with the
Carboniferous rocks of the Llano region
in central Texas (fig. 1), which includes
McCulloch, San Saba, Burnct, Llano, and
Mason counties, the easlern part of Kimble
County, the western part of Lampasas
County, and the portions of Blanco and
Gillespie counties north of the Pedernales
River. The area is about 100 miles in
diameter with an area of about 8,000
square miles. The Carboniferous rocks

zoic rocks and overlain by Cretaceous
strata.

The city and county of Llano are cen-
trally situated in this area, and it is from
these places that the region has received
its name. The name Llano was given to
Llano River by the early Spanish ex-
plorers who established a mission on this
river near the present town of Menard
in the early part of the sixteenth century.
The name is said to be derived from the
Spanish word “llano” meaning prairie or
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plain, although some historians have sug-
gested it might have come from a word!
given by the French to a tribe of Lipan
Indians who lived in this region near the
river. The town of Llano and Llano
County were named by early American
settlers for the river.

The region is crossed by U. S. highway
No. 87 running north and south from San
Antonio to Brady, State highway No. 16
running north and south from Fredericks-
burg to Goldthwaite, and U. S, highway
No. 281 running north and south from
San Antonio to Lampasas. It is also
crossed by State highway No. 29 running
east and west from Austin to Mason. The
principal towns are Mason, Brady, San
Saba, Llano, Lampasas, Burnet, Fred-
ericksburg, and Johnson City.

PHYSIOCRAPHY

The Llano region includes an erosional
basin in which rocks of pre-Cambrian age
are exposed and a surrounding higher
area of Paleozoic and Cretaceous rocks
forming in part a dissccted plateau. The
highest elevations in the area, in excess
of 2,200 feet, are on the plateau beiween
Fredericksburg and Mason. The lowest
point is where Colorado River flows out of
the region southeast of Marble Falls where
the elevation is about 650 feet. Therefore,
the total relief is about 1,600 fect.

The basin area is the center of an up-
lift where rocks of pre-Cambrian age are
high. These rocks are less resistant to
erosion than the rocks of Paleozoic age,
thus accounting for the basin. Within the
basin area there are several prominences
such as Packsaddle Mountain, Riley Moun-
tain, Nigger Head, Putnam Mountain,
Hobson Mountain, and others which are
composed of resistant rocks. Some of
these, such as Hobson Mountain, are com-
posed of pre-Cambrian rocks; some, such
as Riley Mountain, are grabens of Paleo-
zoic rocks; and a few, such as Nigger

1See State historical marker on State highway No. 16 north
of Llano.

Head, are exhumed monadnocks of re-
sistant rocks that stood on the pre-Cam-
brian surface.

The rim of the basin to the south and
east is in part a remmant of the surface
of the Edwards Platean held up by the
resistant Edwards limestone and in part
is composed of Paleozoic rocks. The rim
of the basin to the west is not so well de-
fined, being a dissected plateau; the rim
of the basin to the north is formed mostly
of Paleozoic rocks and only to a slight
extent of Cretaceous rocks.

The principal streams in the region are
Colorado River and San Saba River on
the north and east, Llano River in the
central part, and Pedernales River on the
south. These are consequent streams
which have been superimposed upon the
Paleozoic rocks of the region, and their
winding courses, inherited from their Ter-
liary history, have been modified and made
more complex by the complicated struc-
ture and uneven hardness of the Paleozoic
foor. The principal tributary streams are
Brady Creek which flows east into San
Saba River, Wallace Creek which flows
north into San Saba River, Cherokee Creek
which flows northeast into Colorado River,
and Big Sandy which flows east into Colo-
rado River. Tarr (1890) pointed out that
the drainage pattern (fig. 2) shows clearly
that the major stream courses were estab-
lished on a former eastward-tilted plain
and that the streams have been entrenched
in the ancient pre-Cambrian and Paleo-
zoic rocks without great change in their
courses, Minor changes, of course, are
everywhere apparent, and examples of
shifting and piracy are known, but in
general the main sireams have held their
general directions across the region with-
out regard to the pre-Cambrian core and
encircling Paleozoic carbonate rocks. The
small tributary streams, on the other
hand, are adjusted to local structure. They
tend to follow the strike of fault scarps
and resistant ledges and in many places
to form broad curves where their normal
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courses are interrupted by hard ledges.
Many springs originate in the crevices and
fractures produced by the faults, particu-
larly those in the area of the Ellenburger
rocks. The numerous springs furnish
water for the smaller streams which in
turn furnish an all-year supply to Chero-
kee Creek, Wallace Creek, and to Llano
and San Saba rivers. The clear, pure
spring water with its beautiful blue-green

pools, little cascades, waterfalls, and well-
vegetated valleys, adds a touch of beauty
and cool delight to a country which dur-
ing the summer months, at least, is gen-
erally dry and hot.

CLIMATE

The climate of the Llano region is semi-
arid. The average precipitation amounts
to about 30 inches per year, as shown in

_/\/

Fig. 2. Principal streams of central Texas showing drainage pattern. Contours are drawn on
top of the Ellenburger limestone showing the approximate size of the “uplift.” With possible
exception of Colorade River, the drainage pattern appears to be unaffected by the Llano uplift.
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Fig. 3. Variation in rainfall in texas from 1932 to 1942,

the graph (fiz. 3). The rainfall varies
considerably from year to year and is
very unevenly distributed during the sea-
sons. It is not uncommon for one-third
of the annuval rainfall to come in a single
week and to have periods of drought of
12 to 15 weeks duration. In July, 1938,
about 18 inches of rain fell in a single
week and less than an inch during the
next four months. Usually, most of the
rain comes in winter and spring, and the
summers are dry and hot. The average
annual temperature is about 70.5° F. The
daytime winter temperature from Novem-
ber lo April ranges from 40° F. to 70° F.
with frost frequent at night from Novem-
ber 1 to April 1, especially during periods
when the wind is from the north. Summer
days are hot, with the daytime tempera-
ture ranging {rom 80° F. to 110° F. and

(fig. 4) shows the annual temperature
range at Llano and Lampasas.

VEGETATION

The vegetation (Tharp, 1939) belongs
to plant types adapted to rather severe
ranges of temperature, to moderate pre-
cipitation, and to rocky slopes. Mesquite,
oak, elm, and “cedar” (Juniperus) on
the upland, and sycamore and pecan in
the spring-fed valleys are the most preva-
lent trees. Mexican persimmon, two
species of Mimosa, and white brush are
the commonest shrubs. Cacti, particularly
prickly pear, are widely scattered and
aitain large size. The grasses (Silveus,
1933; Hitchcock, 1920) are huffalo (Bul-
bis dactyloides), curly mesquite (Hilaria
belangert), and crowfool. The distribu-

averaging nearly 90° F. The graph tion and relative abundance of the plant
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Fig. 4. Annual temperature range at Llano and Lampasas.
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life depend much upon the type of rock
which affects the thickness and character
of the soil. The soils developed from the
pre-Cambrian rocks support many types
of shrubs, mesquite, post oak, scrubby live
oak, and some black jack oak. The dolo-
mites in a portion of the area support a
beautiful and natural, park-like growth of
widely spaced, broadly spreading live
oaks—the floral monarchs of the region—
surrounded by a soft carpet of buffalo
grass. The limestones of both the Ellen-
burger group and the Marble Falls forma-
tion support in many places a dense
growth of cedar and, in places where
chert occurs in quantity, post oak. The
shale slopes of the Pennsylvanian forma-
tions are characterized by mesquite, elm,
Mexican persimmon, and white brush; the
sandstone slopes of the Strawn group by
post oak, black jack oak, mesquite, stunted
elm, and by sedge, buffalo, and needle
grass (Stipa leucotricha). Most stream
valleys support pecan, elm, hackberry,
some willow, and sycamore. The grasses
of the bottom lands are rescue, curly mes-
quite, buffalo, and bermuda. In March
the south slopes are decorated by the
beautiful white, bhell-like clusters of the
Spanish bayonet (Yucca treculeans). In
late spring the open pastures arc made
prominent by similar, though somewhat
smaller, clusters of the no less beautiful
species Yucca glauca. In early summer all
open areas are a mass of bright colors
derived {from an abundance of flowers.
The Texas bluebonmet (Lupinus texensis),
false coreopsis (Thelesperma trifidum),
phlox (Phlox pilosa), standing cypress
(Gilia rubra), fivewheel or Indian blanket
(Gaillardia  pulchells), American star
thistle (Centaurea americana), and var-
ious cacti among which the prickly pear
(Opuntia lindheimeri), claret cup (Fchi-
nocereus triglochidiatus), and lady finger
(Echinocereus pentalophus) are most note-
worthy; primroses, mallows, blue bells,
daisies, and nightshades combine to pro-
duce color combinations to delight the eye
of any iraveler; for he is beholding
Nature’s natural gardens at their hest.

InpUsTRY

The Llano region is a ranch country.
About 60 percent of the land is used for
grazing cattle, sheep, and goats; 8 percent
for agriculture; and 32 percent for stock
farms on which hoth small crops and
small herds of cattle and sheep are raised.
The principal crops are oats, corn, sor-
ghums, cotton, pecans, peaches, and water-
melon. The areas of outcrop of the pre-
Cambrian rocks and the Paleozoic car-
bonate rocks are used chiefly for grazing.
The Smithwick shale outcrop and valley
alluvium of the Llano, San Saba, and
Colorado rivers support cotton fields,
small grain farms, and pecan groves. The
peach orchards and watermelon fields are
Tocated chiefly on the light, sandy soils
of the Strawn group. The ranches range
from 200 acres to 70,000 and average
about 1,500 acres. The farms range from
40 to 1,000 acres, averaging ahout 240
acres, and most of them are operated in
connection with small grazing plots. The
combination of farm and ranch lands is
confined for the most part to the Strawn
and Lower Cretaceous soils. Here the up-
lands arc utilized to graze sheep or cattle,
and the valleys, particularly the shale
valleys, for oats, corn, and sorghums.

Nearly all the income of the Llano re-
gion is derived from the soil. Industries
are few and restricted. The rock quarry-
ing which centers around Llano and Bur-
net ranks first in importance among the
mineral industries. Granite is quarried
and sold for monuments and building pur-
poses. Limestone and dolomite are quar-
ried for terrazzo, and aggregate is pro-
duced from a large quarry in dolomite
south of Burnet. Graphite is concentrated
from graphite schist west of Burnet. Dolo-
mite from a quarry south of Burnet was
used as an ore of magnesium during
World War TI, and soapstone js ground
at Llano. A cottonseed-oil mill is in
operation at Brady. A cotton spinning
mill at Marble Falls has long been in-
active and the building at present is
utilized as a wool-washing plant.

The surface waters of Colorado River
have been impounded by four dams in the

region, namely, Mansfield (formerly Mar-
shall Ford), Marble Falls, Inks, and
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Buchanan. The Marble Falls dam was
used to supply water power to the colton
spinning mill and electric power for the
town of Marble Falls. The other three are
used for flood control and hydroelectric
power. The large supply of cheap electric
power centrally located is a favorable
factor for future mineral or other indus-
trial development.
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HISTORICAL RESUME

Previous GroLrocicaL. WORK

The first published descriptions of the
rocks and fossils of the Llano region were
made by Ferdinand Roemer (1847). Roe-
mer, accompanying an exploring party of
German colonists under the command of
Count Meusebach, entered the region from
the south, traveled on horseback from
Fredericksburg northwest, crossing Llano
River at a shallow ford, and thence north-
west to an Indian camp site on San Saba
River near the present site of Camp San
Saba. He then followed the south side of
San Saba River to an old Spanish mis-
sion, located 1 mile west of the present
town of Menard, and returned up San
Saba River to the Indian camp near Camp
San Saba, thence up the river valley 1o
an Indian camp near Walnut Springs near
the present Jym Sloan ranch house south-
west of the town of San Saba. At Walnu
Springs a peace treaty was negotiated with
the Indian chiefs. Roemer remained in
the vicinity of the spring several days
making collections of Pennsylvanian fos-
sils. The party then returned to Fred-
ericksburg traveling almost due south and
crossing Llano River near the vicinity of
Castell (fig. 5). Rocmer (1849, 1852)
studied the formations, collected fossils,
and published descriptions of the fossils
he collected and an interesting account of
his observations and travels. He was the
first to announce the presence of the older
Paleozoics (Silurischen Kalkstein), Car-
boniferous (Kohlen Kalkstein), and Cre-
taceous (Kreidebildungen) rocks in this
area. He described thirteen species of fos.
sils from the Ordovician and Carbonifer-
ous. In 1855 and 1856, Dr. G. G. Shu-
mard (1885) accompanied an expedition
of Army engineers to explore parts of
west Texas and New Mexico, The return
route lay down San Saba River valley
from Fort McKavitt to Fort Mason and
from Fort Mason to Fredericksburg
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(fig. 5). Dr. Shumard made brief notes
on his observations of the geology along
this route. B. F. Shumard (1861) con-
firmed the work of Roemer and first de-

scribed the Potsdam group (Upper Cam-

brian) and its fauna. Jules Marcou
(1855) compiled the first map showing

the extent of Carboniferous rocks in the
region. Afler the pioneer work of Fer-
dinand Roemer and the Shumards, twenty-
three years elapsed before any detailed
addilional geological observations were
published on the region. In 1883 Walcott
(1884) visited the area and described the
Cambrian rocks. R. T. Hill (1887), in

.9p°*

a review of the geology of Texas written
in 1887, devoted five pages to the Llano
region. He noted especially the impor-
tance of the work of Walcott in establish-
ing the Cambrian age of the Potsdam
group. Later Hill (1889) named and
established the correct age of the Carbon-
iferous rocks at Marble Falls. It was not
until 1889, when the Texas Geological
Survey was established with E. T. Dumble
as State Geologist, that a systematic geo-
logical survey of the Llano area was
undertaken. These investizations resulted
in several publications, one by T. B. Com-
stock (1890) on the minerals and ores,
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Fig. 5. Route of travel of Ferdinand Rosmer in his early explorations through the Llano region.
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one by R. S. Tarr (1890) on the coal
resources, one by J. A. Taff (1892, pp.
326-366) on the Cretaceous rocks, and
two by W. F. Cummins (1890, 1891) on
the stratigraphy of the Carboniferous
rocks north of the region. Dumble (1890)
described the Pennsylvanian rocks in
some detail and gave them the name Bend
for McAnelly’s Bend on Colorado River.
N. F. Drake four years later (1893) de-
scribed the stratigraphy of the Pennsyl-
vanian rocks south of Colorado River,
along the north border of the region. In
1898, Sidney Paige (1912) made a de-
tailed geologic map of the Llano and
Burnet quadrangles in the central part
of the region. Paige (1912) named and
described the Wilberns, Cap Mountain,
Ellenburger, and Smithwick formations.
In 1916, the Bureau of Economic Geol-
ogy (Udden, Baker, and Bése, 1916) pub-
lished the first comprehensive geologic
map of the State with the Paleozoic strata
of the uplift divided into the {ollowing
divisions:
Pennsylvanian
Paleozoie, undivided
Cambrian-Ordovician
The discovery of oil at Breckenridge
and Ranger in 1918 brought many oil
geologists to Texas. Among these, R. C.
Moore and F. B. Plummer with the Rox-
ana Petrolenm Company, IF. W. Reeves
and W. C. Bean with the Empire Com-
pany, and P. V. Roundy and K. C. Heald
of the U. S. Geological Survey studied
the geologic section in some detail and
collected fossils from the several Car-
boniferous formations. The work of Plum-
mer and Moore {1922) presented a new
map of the Carboniferous formations and
differentiated the lower Bend shale as a
separate formation having a distinct fauna
to which the name Barnett was given. The
following divisions of the Carboniferous
strata were presented:
Strawn group—
Mineral Wells
Millsap Lake
Bend group—
Smithwick

Marble Falls
Barnett

Girty and Moore (1919) discussed the
age of the Barnett, and Girty concluded

it was of Mississippian age and correlated
it with the Moorefield shale of Arkansas
and lower Caney shale of Oklahoma. The
most oulstanding result of the work by
Roundy and Heald* was the discovery of
a fossiliferous crinoidal limestone beneath
the Barneit shale at a locality mnear San
Saba which was established by Girty
{Roundy, Girty, and Goldman, 1926, pp.
3-4) as Lower Mississippian, probably
Boone, age. This new Lower Mississippian
formation subsequently was given the
name Chappel by Sellards (1933, p. 91).
In 1930, C. L. Dake spent six weeks study-
ing the Ellenburger group. and Josiah
Bridge and L. O. Ulrich made less ex-
tended trips into the region. Dake and
Bridge (1932) attempted the first zonation
and faunal correlation of the older Paleo-
zoics wilh slrata in other states. N. H.
Darton of the U. S. Geological Survey
visited the arca in 1933 and collected
unpublished geologic data from Texas
geologists who had worked in the arvea,
checked in the ficld certain formation con-
tacts, and prepared a new Stale geologic
map (Darton et al.. 1937) showing the
following divisions of the Paleozoic rocks:

Canyon group

Strawn group

Smithwick shale

Marhle Falls limestone

Ellenhurger limestone

Wilberns and Cap Mountain limestones
Hickory sandstone

The same year, 1937, Josiah Bridge, aided
by a grant from The Penrose Bequest of
The Geological Society of America,
studied the lower Paleozoic rocks on the
west side of the uplift, made many collec-
tions of fossils, and named the Lion Moun-
tain sandstone member of the Cap Moun-
tain formation. He relocaled most of
Roemer’s type localities, collected topo-
type material, and, with Girty (1937),
redescribed Roemer’s Paleozoic fossils
with some excellent notes on ihe geology
of the region. With Barnes and Cloud
(1947) he revised the siratigraphy of the
Upper Cambrian.

Recently Cheney (1940, p. 66) sug-
gested a new classification for the Pennsyl-

Il A

2Personal communication, 1920,
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vanian strata of north-central Texas based
largely on subsurface data gained from a
study of well logs outside the Llano area.
The lower portion of his stratigraphic
table is given below.

His members and most ol his formations
are absent or difficult to recognize in the
outcropping section in the Llano region.
Cloud, Barnes, and Bridge (1945) revised
the stratigraphy of the Lower Ordovician
rocks in central Texas, and Barnes, Cloud,
and Warren (1945) first described rocks
of Devonian age. Barnes, Cloud, and War-
ren (1947} described iwo more Devonian
formations. Plummer (1947) published a
summary of the classification of Lower
Pennsylvanian strata in ceniral Texas.

During 109 years from 1836 to 1945
in which geological work has been carried
on, descriplions and illustrations of a few
of the fossils of the Carboniferous rocks
of the area have appeared from time to
time in the literature. Altogether about
25 articles dealing with the paleontology
of Lhe region are listed in the accompany-

Classification of Pennsylvanian formations by M.

15

ing bibliography. The most important of
these are included in the following table:

Number of new species of Carboniferous fossils
described by paleontologists from 1840 to 1945

Number of

Author and Date® Species
Roemer, F. (1852) e 5
Gabb, W. M. (1862) . e 1
Shumard, B. I". (1863) . 1
Cummins, W. F. (1801). 1
Hyatt, A, (1891) _ 3
Hyatt, A, (1893) 6
Smith, J. P. 1903) SR 5
Plummel F. B., and Moore, R. C. (1922) 23°
Cushman, J. A., and Waters, J. A. (1927) 7

Girty, G. H. (z'n Roundy, Girty, and Gold-
man, 1926) . e e
Girty, G. H. 1927y
Roundy, P.V, (1926) ___ . . 10
Skinner, J. W. (1931) -
Ihomas, N. L. (1931) .
Dunbar, C. 0., and COHdI‘d, G. E. (1932) 2

Kuight, J. B. (1834) __ _ 2
Plummor F. B., and Scott Gayle (l937) 24
Girty, G, H. {1937) _____ 5°
King, R. H. (1938) i R
Jeffords, R. M. (1942) ___ 1
Moaore, R. C and Ewers, J, D, (1942) ,,,,, 1
Thompson, M. L. (1942) 1
Moore, R. C., 'md ]eﬂords, .M. (191.)) 55
Plummer, Helen Jeanne (1945) ............... 15
aThe 1efuicnces will be found at the end of this discus-

sion.
Plllustiations wit! out descriptions of new speeies.
¢Redescribed j see Bridge and Girty (1937).

G. Cheney

SERIES GROUP FORMATION MEMBER
Goen limesione
Grindstone Creek Ricker limestone
Santo limestone
Strawn Millsap Lake Buck Creek sandstone
Brannon Bridze limestone
Lazy Bend Dennis Bridge limestone
Kickapoo Falls limestone
Dickerson
Unnamed subsurface
formation
Parks McLester sandstone pay
Smithwick Caddo Pool
].ampasas Eastland Lake Lake sandstone pay
) . Sipe Springs
Big Saline De Leon McClesky sandstone pay
Morrow Marble Falls Comyn McClesky sandstone pay
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This collection of paleontological litera-
ture brings together the descriptions of
215 different species of Carboniferous fos-
sils but does not by any means cover the
entire faunas. In fact, studies toward the
completion of a monograph on the Marhle
Falls fauna have been under way for a
long time. In 1919, R. C. Moore prepared
for publication a manuseript of 171 type-
written pages describing 101 species of
invertebrates from the Bend group mostly
from the Marble Falls division. This
manuscript was accepted for publication
by the Bureau of Economic Geology as
a companion volume to Bulletin 2132,
“Stratigraphy of the Pennsylvanian for-
mations of north-central Texas,” but was
withdrawn by the author when it was
learned that another manuscript was be-
ing prepared by the late Dr. Girty of the
United States Geological Survey. Girty’s
manuscript was not completed prior to his
death and has not been published. Prior
to 1945 papers on the ammonites (Plum-
mer and Scott, 1937), crinoids (Moore
and Plummer, 1940), corals (Moore and
Jeffords, 1945), and Foraminifera (Helen
J. Plummer, 1945) have appeared, and
papers on the gastropods (Knight, MS.)
are now under way.

The geologic succession of sediments
now recognized in the Llano region con-
sists of the following divisions:

Carhoniferous—
Pennsylvanian—
Canyon group
Strawn group
Smithwick formation
Marble Falls group
Mississippian—
Barnett formation
Chappel formation
Devonian—
Zesch formation
Bear Spring formation
Stribling {ormation
Pillar Bluff limestone
Ordovician—
Ellenburger group—
Honeycut formation
Gorman formation
Tanyard formation

Cambrian—

Wilberns formation
Riley formation

PrESENT WORK

Field work for the present publication
was conducted intermittently from 1918
to 1937. Detailed mapping and restudy of
the section on the western side of the up-
lift was carried on during the summers of
1937 to 1911 inclusive. The primary ob-
jective of the work is a detailed report
covering the stratigraphy and paleontol-
ogy of the Carboniferous rocks. The under-
lying rocks are discussed only briefly since
reports covering them arc available. A
somewhat more comprehensive but pre-
liminary treatment has been given the
overlying (Cretaccous) rocks because no
general reports for the region are available.
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PRE-CARBONIFEROUS STRATA

Directly beneath the outeropping Car-
boniferous rocks of the Llano uplift are
rocks of Devonian, Ordovician, and pos-
sibly Cambrian age. Since these rocks are
in contact with the Carboniferous rocks
either in normal position or by faulling,

they will be described briefly. For more
deiailed descriptions of these rocks, the
reader is referred to the publications cited.

CAMEBRIAN SYSTEM

Bridge, Barnes, and Cloud (1947} de-
scribed or redefined ihe two formations
and eight members that constitule the
Upper Cambrian in the Llano uplift of
ceniral Texas. The nowmenclainre now in
use for these umits in descending order
follows:

Average
Geologic Section Thickness
Feet
Wilheins formation B . 530
Pedernales dolomite member | 280
& e S
Saun Saha limestone member
Point Peak shalc member . .. . 160
Morgan Crerk limestone member 120
Welge sandstonc member .. ... .. 18
Riley {e1mation B . 680
Lion Mountain sandstone member... . 37
Cap Mountain limestone member _ . 280
Hickory sandstone member . - 360

The Iickory sandstone member of the
Riley formanion is noncalcareovs, non.
glauconitic, and vellow. brown, and red.
It was depositced on an irregulor pre-
Cambrian surface having a reliel as great
as 800 feet ar some places. The position
of the upper boradary varies throughout
the Llano uplift, being placed beneath the
firsl  appearance ol impure, arenaceous
limestone of the Cap Mountain limesione
member. The lower part of the Cap Moun-
tain limesione consists of alternating im-
pure, dark brown limestones and calca-
reous sandstones grading upward inlo
{airly pure granular limestone. The top
member of the Riley formation, the Lion
Mountain sandslone, is a highly glanco-
nitic sandsione coniaining in the lower
part iangential lenses of limestone com-
posed essenlially of trilobites: also rather
continuvous highly glauconitic lmestlone
beds containing phosphatic brachiopods.

The Welge sandsione member of the
Wilberns formation is brown, mosily non-
glauconitic, and contains many quariz
grains with recomposed faces which glit-
ter in the sunlight. The contact with the
Lion Mountain sandsione member of the
Riley formation beneath is abrupt. The
Welge grades upward into the Morgan
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Creek limestone member which is com-
posed predominantly of medium- to coarse-
grained, abundantly glauconitic, well-
bedded limestone. In many seclions there
is a shaly zone in the upper parl similar
to the shale in the overlying Point Peak
shale mewber. The Point Peak shale con-
sists of well-bedded, soft, greenish, cal-
carcous shales with subordinate amounts
of fine-grained, compact dolomite; me-
dium- to fine-grained glauconitic lime-
stone; iniraformational conglomerate, and,
near the top, occasional beds of oolitic
limestone, and commonly extensive 1o
scattered stromatolitic bioherms that lo-
cally coalesce lo form biostromes. The
San Saba limestone member of the Wil-
berns formalion is mostly granular lime-
stone, in part somewhat glauconilic and
dolomitic. It contains a few beds of sub-
lithographic limestone that might be con-
fused with the limestones of ithe overlying
Ellenburger group. The San Saba lime-
stone member is present mostly in the
western part of the Llano uplift and is
siratigraphically equivalent 1o dolomite
in the eastern part of the uplift named
the Pedernales dolomite. The Pedernales
dolomite is fine to coarse grained with
the fine-grained portions being mostly
yellowish gray to beige and the coarse-
grained portions mostly light gray to
silvery gray. The Pedernales dolomite
member is in part cherty, the cherts being
mostly of somber hues, granular, and
ranging from highly porous to compact.

ORDOVICIAN SYSTEM
Cloud, Barnes, and Bridge (1945) de-

scribed three {ormations, iwo members,
and various dolomitic and calcitic facies
comprising the Ellenburger group of rocks
of Lower Ordovician age. Photographs of
typical outcrops of limestone in the Ellen-
burger group are shown on Plate 2. The
nomenclature in use for these units in
descending order follows:

Average

Geologic Section Thickness
Feet
Honeycut formation ... Absent to 678
Gorman formation 470
Tanyard formation . 585

Staendebach member
Threadgill member

The Tanyard {ormation overlics the
Wilberns formation unconformably in the
ecastcrn part of the uplift but appears to
be conformable in the western part of the
uplift. It is divided into two members
cach of which contains dolomitic and
calcitic facies. The Threadgill member is
limestone in the western part of the Llano
uplift and predominantly dolomite in the
eastern part of the uplift where especially
abrupt lateral changes from dolomite to
limestone are common. The dolomite is
moslly medium to coarse grained and only
sparsely cherty. The limestone is mostly
sublithographic, nonglauconitic, thin to
medium bedded westward, and massive in
the eastern part of the uplift.

The upper member of the Tanyard for-
mation, the Staendebach member, is pre-
dominantly fine- to medinm-grained dolo-
mite, with limestone forming the upper
one- to two-thirds of the unit in the
northeastern part of the uplift. Tt contains
an abundance of sparingly to abundantly
dolomoldie, porcelaneous to chalcedonic
chert which weathers to white or bluish-
white masses. In most areas the Staende-
bach member contains abundant quartz
druse.

The Gorman formation is the middle
unit of the Ellenburger group and is com-
posed in its outcrop area of an upper
calcitic and a lower dolomitic facies. The
dolomite is predominantly microgranular,
which distinguishes it from the dolomites
of the Tanyard below. The Gorman for-
mation contains thin sandy limestone beds
which likewise distinguish it from the
Tanyard and all of the Honeycut forma-
ton except for the lower part. The chert
of the Gorman tends to be nodular and
concretionary and partakes of the char-
acter of the chert found in the upper part
of the Tanyard and in the Honeycut for-
mations. A stromatolite zone in the upper
part of the Gorman formation on Honey
Creck, Mason County, is shown in Plate 2,
figure B.

The Honeycut formation is truncated
by erosion, and it has a thickness ranging
from 678 feet along Pedernales River to
a feather edge in eastern San Saba County,
disappearing entirely in the western part
of the uplift. In its type section along
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Pedernales River the Honeycut is divisible
into three units: an upper predominantly
limestone unit, a middle predominantly
microgranular dolomite unit, and a lower
unit composed of alternating limestone
and dolomite beds. The chert in the
Honeycut formation is similar to that in
the Gorman formation except for cannon-
ball chert which is abundant in the Honey-
cut formation but noted only near the
middle of the Gorman formation. Lime-
stone in the upper part of the Honeycui
formation at Pillar Bluff, Burnet County,
is shown in Plate 2, figure A.

DEvONIAN SYSTEM
Barnes, Cloud, and Warren (1945) de-

scribed iwo new Devonian formations in
the Llano uplift. Two additional forma-
tions were later described by the same
writers (1947). At present four forma-
tions of Devonian age are recognized, all
except one of which are preserved in the
FEllenburger either as collapsed structures
or as crevice fillings. The Devonian forma-
tions named in descending order are as
follows:

Zesch formation

Bear Spring formation

Stribling formation

Pillar Bluff limestone

The Pillar Bluff limestone in its type
locality in northern Burnet County is a
coquina of fossils filling an ancient joint
or cave. Pockets of limestone in the
Honeycut formation beneath the Stribling
formation in Blanco County are provision-
ally relerred to the Pillar Bluff limestone.

The Stribling formation lies with nor-
mal stratigraphic contact on the Honeycat
formation along Pedernales River in
Blanco County and ranges up to 11 feet
in thickness. It is composed of limestone
which is cherty, irregularly bedded,
smooth fracturing, and medium gray to
beige-colored.

The Bear Spring formation occupies a
portion of a collapse structure south of
Honey Creek about 8 miles southwest of
Mason. The limestone, in part cherty, is
granular, brownish to grayish yellow and
in part white to cream-colored. Associated
with the Bear Spring formation in the
same collapse structure is the Zesch for-
mation, a highly siliceous limestone and

leached silica rock, yellowish to brownish
in color, containing scattered angular frag-
ments of cherl.
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CARBONIFEROUS STRATA
MIssISSIPPIAN SYSTEM
CUAPPEL FORMATION

Historical account—Discovery of rocks
of Lower Mississippien age in Texas was
made by C. L. Baker® in 1917. Baker
found a ledge of fossiliferous limestone
and conglomerate helow the Bend group
in the bed of Espey Creek about 3 miles
southwest of Lampasas. The fossils were
sent to Dr. Stewart Weller, who confirmed
the Lower Mississippian age, and their
discovery was noted vaguely by Matteson
{1919, p. 171) in his account of the oil
geology of norih ceniral Texas. The im-
portance of this find, however, apparently
was not realized by either Baker or Weller,
since no adequate account of the discovery
or description of the fossils was published
by them, and credit for announcing ihe
presence of Lower Mississippian sirata
goes to later workers.

The first record in the (ilcs of the Bureau
of Economic Geology of the occurrence
of strata in Texas between the Barneit
{ormation and Ellenburger is in an un-
published report by Liddle (1920}, writ-
ten under the direction of Dr. Udden, on
the geology of a dam sile on San Saba
River west of San Saba. submitied 10 the
State Board of Water Enginecrs in 1920,
Liddle deseribes limestone and “breccia”
between the Ellenburger and Marble Falls
strala on San Saba River, which he refers
to as “Silurian-Devonian hiatvs.” His
horizontal and wvertical sections show
clearly that his “hialus rock” is the Chap-
pel formation of later maps, and iis posi-
tion is shown in figure 6. Credit for the
first published description of the Lower
Mississippian strata in Texas belongs to

8Letter from Baker, 1942.
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P. V. Roundy, G. H. Girty, and M. L
Goldman (1926). Roundy in 1919, work-
ing in Texas with K. C. Heald,* coliected
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Fig. 6. Graphic columnar section showing
stratigraphic relationships and average thick-

nesses of the Ellenburger (Oidovician) limestone,
Mississippian {ormations, and T.owe; Pennsyl-
vanian formations in the Tlano 1egion.

samples of a crinoidal limesione at the
base of the Carbonifcrous section on the
Chappel road 3 miles southeast of San
Saba, discovered Mississippian fossils, and
later with Girty described the [auna. Dr.
Coldman made a petrographic study of
the rocks. The formation was referred to
as “limestone ol Boone age,” and it was
determined by Roundy and Girty to be
Lower Mississippian. Selflards (1933, p.
91) redescribed the sirata and named the
formation Chappel for Chappel road, since
the locality of the discovery, now desig-
nated the iype localily, was on this road
and sitvated 6 miles northwest of the
town of that name. Dake and Bridge
(1932, p. 731) discovered the Lower
Mississippian sirata on the west side of
the region at a localily on the northwest
side of the While ranch voad crossing on
Llano River 7 miles southwest of Mason
and regarded the fauna as Osage in age.
Cheney (1940, p. 67) studied Lhese beds
in well sections north of this region and

{Personal commuaication, K. € Heald, December, 1910.

concluded that the formation thickens 1o
the north to about 300 feet in Throck-
morton County.

Extent and thickness—The Chappel for-
mation lies uncon{ormably upon the Ellen-
burger limestone and dolomite and is
overlain uncon{ormably by ithe Barnett

formation. It is known to encircle the
eniive Ellenburger outcrop and il has now
been mapped on all sides of the region
{rom Espey Creek west of Lampasas, west-
ward Lo Llano River southwest of Mason,
and southward 1o Pedcrnales River north-
east of Johmson City (P 4). Although
in mosi places it is rarely over 1 foot
thick, i1 can be iraced continuously for
many miles (Pl. 1). Tt is covered by
slope wash from the soft Barnctt shale in
many places and in other places appears
to have been removed by erogion before
the Barnett was deposited. Yet in almost
any district, except in certain areas around
Brady in McCulloch County and in the
Cypress Creek valley near Cypress Mills,
northeastern  Blanco County, and ihose
areas where it has been displaced by
faults, it can be easily recognized. Its
thickness ranges {from about G inches lo
more than 50 feet. lis average thickness
through a long extent of outerop is about
1 foot. In a few places, especially in old
sink holes and synclines which were ap-
parently formed during or before ils depo-
sition, the Chappel is much thicker and
comprises several layers of granular lime-
stone which may reach a total thickness of
more than 20 {ect. In the outcrop on
Honey Creek, Mason County, it is more
than 50 feet thick and occurs as filling in
an ancieni sink hole (fig. 9). The lime-
stone is essentially a layer of ecrinoidal
detritus consisling of broken and waler-
worn [ragments ol crinoid stems firmly
cemenied to form a persistent ledge (Pl
3, A and B). In many places, up io 95
percent of the rock is made up of crinoid
fragments; the rest is cemenling material
and small calcareous particles of sand
grade. The color is light yellowish gray,
weathering almost white. In a few places
the ledge is a white, hard, granular,
crystalline limestone containing a few
scattered pieces of crinoid stems and,
rarcly, other fossils. In a few areas, par-
ticularly on the north side of the region,
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the formation consists of two, and in rare
places several, layers. Typically, the
upper half is hard, compact, crinoidal
limestone 8 to 10 inches thick. The lower
half is very hard, firmly cemented chert
conglomerate made up ol rounded cobbles
and nodules of chert, a fraction of an
inch 1o 8 inches in diameter derived from
the Ellenburger formation and set in a
matrix of chert, which serves also as a
cementing agent. The conglomerate in
most places has a thickness of 6 to 8
inches. The cobbles are white or grayish
white, and the matrix is tan colored and
light yellowish brown. The Chappel for-
mation is well exposed at the following
localities:

Noteworthy Chappel localities in central Texas

COORDI-
NATES THICKNESS

(PL. 1) Feet Inches

LOCALITY

Burnet County—

500" southwest of Espeyvﬂle
church . . HH-20 1 6

2,100 south of crossing,
west of cemetery, 5 miles
sontheast of Marble Falls
(Loc. 27-T-15) _

On Marble Falls-Johnson
City road, 1 mile south of
bridge at Marble Falls,
top of hill, few feet east
of gate on east side of
road (Loc. 27-T-4) _____

McCulloch County—

West side of small branch,
1% mile north of gate on
Voca-Brady road, 4 miles
southeast of Brady (Loc.
153-T-79)

Mason County—

On Honey Creek, 7 miles
southwest of Mason, 3,100
northwest of road crossing
on creek (Loc., 159-T-4)

On Llano River, north side
of road, at White’s Cross-
ing (Loc. 159-T-2) ___ _

Leon Creek, 3 miles south
and 1.5 miles east of
Erna, 1.5 miles east of
west county line (Loc.
159-T-45) e

San Saba County—

On San Saba-Chappel road,
3 miles southeast of San
Saba (Loec. 205-T-21)....

On Jack Sloan ranch, 1.4
miles southwest of Hack-
berry windmill (Loc. 205-
T-77)

II39 3 0

HH38 1 0

J18 14 o0

133 51 6

134 28 11

E32 52 0

X116 3 0

R-16 2 2

COORDI-
NATES THICKNESS
PL 1 FeetInches

LOCALITY

On Pool Branch, about %4
mile west of junction
with Rough Creek (Loc.
205-T-123) .. .

On King Branch, 1,300
north of King Spring,
north side of creck, 0.6
of a mile south of Max-
well Crossing (Loc. 205-
T-124) . ;

Gibbons ranch, south of
San  Saba-Biady high-
way, 1 mile cast of Me-
Culloch  County  line
(Loc. 205-T-125)

-

717 3 2

R17 ¢ 10

012 1 0

Lithology.—In a few places, as at the
outcrop on King Branch in San Saba
County, a thin, rather soft fossiliferous,
grayish shale occurs between the chert
conglomerate and the Ellenburger ledges.
This shale is very smooth in texiure and
is about 4 to 8 inches thick. It contains
early Mississippian fossils, perhaps Kin-
derhook in age. At an outcrop southwest
of the old Alexander dam site on Colorado
River, the Chappel crincidal limestone
overlies a gray, gritty shale or marl about
20 inches in thickness, containing a very
few early Mississippian fossils but also
some interesting minute crinoids discov-
ered by Moore and Ewers (1942, p. 93).
No conglomerate has been observed at
the dam site. The following described
sections of the Chappel will furnish other
details of its stratigraphy and indicate
its variations in different parts of the
region. They are shown graphically in
Plate 4.

Section of Chappel formation on Espey Creek
300 feer east of road crossing on Hollenbeck
ranch 5 miles southwest of Lampasas, Lampasas
County (Loc. 141-T-6; Coord. T111-20, PL 1).

THICKNESS
Feet Inches

4. Limestone, light gray, thin bed-

ded, hard, crinoidal; in layers

3 to 4 inches thick scparated by

gray shale partings 3
3. Shale, greenish gray, platy, inter-

bedded with thin limestone lay-

ers each 1 inch thick .
2. Chert, greenish gray, hard, breaks

with concheidal fracture .. . 3
1. Conglomerate, made up of black,

rounded, phosphate pebbles %

to 1% inches in size set in a

matrix of coarse, well-rounded

sand grains also containing
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THICKNESS
Feet Inches

elongate nodules of banded
chert; one nodule is 8 inches
long and 2 inches in diameter.
Few {fossils including gastro-
pods and Bryozoa and water-
worn fragments of bones, prob-
ably shark. The fauna is very
different from a typical Chap-
pel fauna . 1%

Total thickness __...______ 4 415

Section of Chappel formation near head of
Butile Branch, near the east line of the Fritz
Fuchs ranch, % of o mile up the branch from
Pedernales River, Blanco County (Coord. HH-45,
PL 1).

THICKNESS
Feet Inches

2. Limestone, dark gray, crinoidal,
made up largely of crinoid de-
tritus; coarsely crystalline, fos-
siliferous. The fossils are al-
most altogether crinoid stems,
many having pentilobate cross
seciions. The pure crinoid de-
tritus in most places occurs in
layers and lentils in the crystal-
line rock. It is hest exposed on
south side of the creek west

of the wire fence ____ S | 8
1. Conglomerate, light gray, made
up of 1ounded and subangular
chert pebbles and cobbles set

in a matrix of chert __________ 5

Total thickness measured . 2 1

Section of Chaeppel formation measured along
small branch of Pool Creek of Milliken ranch
about Y of a mile southwest of junction of Pool
Creels and Rough Creek, San Saba County (Co-
ord. Z-17, P1. 1).

THICKNESS
Feet Inches

10. Limestone, light gray, porous, cri-

noidal, fossiliferous . . — 5
9. Limestone, dark gray and brown-
ish gray, crinoidal .. 8
8. Limestone, dark gray, soft, some-
what disintegrated, crinoidal . ___ 3
7. Shale, yellow, crinoidal ___ . — 10
6. Limestone, light gray, hard, cri-
noidal . 3
5. Limestone, light gray, hard .. 3
4. Limestone, light gray, hard ... 1 __
3. leestone, light gray, hard, made
up of 3 beds, 4” thick _ U
2. Limestone, gray, crinoidal ... 1 2
1. Conglomerate, yellow pebbles and
cobblesof chert . ... 2 4
Total thickness measured. 8 2

The crinoidal limestone of the above
section is overlain by dense, black, thinly
laminated beds of Barnett shale.

Section of Chappel formation measured on east
side of San Saba-Chappel road at sharp curve in
road halfway up steep hill 3 miles southeast of
San Sabae, Sen Saba County (Loc. 205-T-21; Co-
ord. X-16, Pl 1).

THICKNESS

Feet Inches
3. Limestone, greenish gray and
brownish gray, soft, crinoidal,

consisting of great quantities
of small crinoid stem {frag-

ments 1 3
2. Limestone, hght gray, weatherm{Y
white, sﬂlceous, soft . . 1 11

1. Conglomerate, white, made up of
pehbles and cobbles, mostly
consisting of white chert .~ 10

Total thickness measurcd 4 .

Section of Chappel formation measured on
north side of King Creck 300 feet ecast of road
crossing on Jym Sloan ranch, San Seba County
(Loc. 205-T-69; Coord. R-17, PL 1).

THICKNESS
Feet Inches

Barnett—
6. Shale, black, thinly laminated,
soft, weathering brown, con-

taining limestone concretions

and thin layers of limestone,

partly covered by telus .30 _
Chappel (total thickness, 2" 11”)—
5. Limestone, gray, hard, crinoidal,

in two layers each 7 inches

thick ... __ 1 9
4. Clay or shale, yellow, soft con-

taining a soft layer; represents

a soft, somewhat weathered

limestone
3. Conglomerate, dark gray, hard

siliceous, made wup of cherl

cohbles and boulders appar-

ently derived from the Ellen-

burger dolomite firmly ce-

mented by silica ... 1 2
2. Marl or shale, gray and green-

ish gray, calcareons, impure,

earthy, may represent a layer

of partly disintegrated lime-

stone, fossiliferous; the fossils

are poorly preserved and diffi-

cult to identify .. _ . 4

unconformity

Ellenburger—

1. Limestone, white, dense, hard,
containing algal colonies ... 50 __

Total thickness ... _ 82 1
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Section of Chappel formation measured along
notith-flowing branch of Brady Cieek on Session
ranch about 3% miles southeast of Brady, Mc-
Culloch Courty (Loc. 153-T--79; Coord. J-18,
PL 1),

THICKNESS

Feet Inches
20. Limestone, vellowish gray, soft,
partly disintegrated and earthy,
composed of small erinoid frag-
ments and microfossils includ-

ing osiracodes S 2
19. Limcsione, giay, hard, crystal]me
crinoidal I B 3
18. Limestone, giay, hard, Clystallme - 5
17. Limestone, giay, hard, crystalline 3
16. Limesione, giay, somewhat solt,
p'unaﬂy disintegrated . ... _ 2
15. Liwestone, giay, soft . ... 4
14. Limecstone, gray, soft . . _ . 3%
13. Limestone, gray, hard . . 4
12. Limestone, gray, hard __ o 3
11. Limestone, gray, hard . — 3
10. Limestone, gray, soft e e 10
9. Limestone, gray, medium hard ___ . 4
8. Limestone, gray, medinnm hard . 3
7. Timestone, gray, medium haid = 3
6. T.ime-tone, gray, medium haid - 3
5. Limestone, gray, medium haid _ B 3
4. Yiunestone, gray, medivm haid _ i
3. Limcstone, gray, medium hand . . 2%
2. Iim(*smne7 gray, hard, cheit bear-
N ol o - 6
1. L lmestone ;r;ay, hard, chert bear-
ing . . i .13

Total thickness measured . 8 9

Between the base of the exposed Chap-
pel limestone measured and the top of the
Ellenburger, an interval of 44 feel is
covered by' talus, slope wash, and grass.
This ohscured section may be shale, marl,
or conglomerate or both conglomerate and
shale. The Ellenburger is well exposed
in the bottom of the creek below the de-
tritus. Here it consists of large cohbles
and boulders cemenied into a hard mass
which dips al a ralher stecp angle and
apparently has been broken up, water
worn, and recemcnted before the deposi-
tion ol the Chappel strata above.

Section of the Chappel formation measuied
along a bluff on the east side of Honey Creek,
3,100 feet northwest of (‘I(’Ek crossing on Mason-
¥'hite’s Ciossing road and 7 mules southwest of

Mason, Muason County (Loc. 159-T-4; Coord.
133, PL 1).
THICKNESS
Feet

3. Limestone, light gray, crinoidal;
weathers 1o 1ounded blocks
and is composed largely of
masses of minute crinoid stems 25

TIICKNESS
eet Inches
2. Limestone, light gray, massive,
siliceous, chett beuring, upper
poition is compoqed of gray
biecciated chert . 25
1. I,nne stone, light gray, c11n01dal
hagmenml and quite fossilif-
erous, containing Zaphientis,
button-like seciions of erinoid
sterns, [iagments of spirilers, a
trilobite, and a few other fossils 1%

Total thickness measured ll/z

This is one of the thickest sections of
Chappel in the area. The beds in this
bluff dip northward and overlie the Ellen-
burger limestone in the creek bottom. The
two upper layers are separaled by a dis-
tinct plane of separation. In most places
the crinoidal layers protrude beyond the
fossiliferous siliceous layer. The thin cri-
noidal layer occurs at the north end of
the bluff beneath the siliceous layer. The
locality is sitvated in a small structural
syncline which may possibly represent an
old vegional low on the old Ellenburger
surface, a hollow or sink into which large
quantities of detritus accumulated. Be-
cause of its structurally low position, it
was not removed or reduced by pre-Barneit
erosion. The strala form a lentil (fig. 9),
which is about 700 feel in length north
and sowh and of unknown width east and
west. The massive layers show some cross-
bedding, as if the detrital material were
washed into the sink or depression and
deposited along its sloping edges.

Section of Chappel formation exposed on east
bank of Llano River north of White’s Crossing,
9 miles soutlhwest of Mason, Mason County (Co-

ord. 1-34, P1. 1; fig. 8).
THICKNESS
Feet Inches
8, Limestone, light gray, almost
white, finely crystalline, much
jointed; breaks into blocks and
round- Lomeled chunks = . 4
7. Limestone, light gray, finely crys-
1alline, much cracked and
jointed ... ... IR £ R
6. Limestone, finely t,ryslallme, thin

bedded; the heds 1 inch or

even l(‘qq in thickness .. . . 3" 3
Limestione, subcrystalline, 10ug,h

surfaced, covered with many

fine cracks, mostly nonfossilif-

erous

o
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Fig. 7. Map and cross section of Post Oak sink east of Cherokee, San Saba County.

THICKNESS
Feet Inches

4. Limestone, pinkish gray and
greenish gray where freshly
broken, soft, composed of a
coquina of small ciinoid stems,
Dbroken into small piccee, and
containing a few spirifers and
other large fossils ... .. 7

Limestone, pinkish gray and
greenish gray where Ireshly
broken, soft, composed of a
coquina of small crinoid stems;
many fossils, most of them
poorly preserved .. . . 3 _

Timestone, pink, or reddish pink,
nodular, hard, crystalline, con-
taining cobbles, finely crystal-
line . 1

1. Shale (?) covered by river silt .. __

S,r:

o

Total thickness measured.. 28 11

The strata described in this section lie
in an ancient limestone sink formed by
solution of the Ellenburger limestone
sometime after the Ellenburger was ele-
vated above the surface of the sea and
before the Chappel epoch. The ecrinoidal
detritus has been washed into the sink,
buried the talus in its bottom, and filled
the sink with limy strata (fig. 8). This
sink is about 500 feet long, 300 feet wide,
and 30 to 40 feet deep. It contains in the
botlom a mwass of limestone blocks that
{ell at the time the sink was [lormed,
probably by collapse of the 100f of a cave
in the dolomite layers just below. The
Chappel sea later covered the sink, and



26

the remainder of the depression not oc-
cupied by Ellenburger blocks was com-
pletely filled by crinoidal detritus, shells,
and shell fragments, which slowly accu-
mulated in the early Mississippian sea.

The University of Texas Publication No. 4329

At least 9 sink holes containing Chappel
deposils have been found in this region.
All have abnormally thick deposits of
coarsely granular Chappel limwcstone and
all are excellent fossil localities. Their

ELLENBURGER

Fig. 8. Cross section through White’s Crossing sink, Mason County.

Subdivisions of the Chappel —A review
of the sections described above from dif-
ferent places in the region indicates that
the Chappel can be differentiated into
two facies and subdivided into four mem-
bers. The two facies, determined in part
at least by the topography of the Ellen-
burger surface on which the Chappel was
deposited, are:

1. Normal facies. A thin layer of crinoidal
detritus derived from hottom-living crinoids and
deposited by ocean currents and waves as a
fragmental crinoid detritus or coquina and spread
rather evenly over the ocean {loor to a depth of
10 to 15 inches.

2. Sink-hole facies. This facies is exemplified
by the section at White’s Crossing on Llano River
in which large quantities of Ellenburger talus,
cobbles, crinoid detritus, calcium carbonate, and
shells have aceumulated to fill a deep depression
in the ancient ocean floor, forming a thick lentil
of coarscly granular, cross-hedded, fossiliferous
material.

15" Dip West

LAY

i

Fossl location

localities are listed in the accompanying

table (p. 27).

Stratigraphically the Chappel may be
divided into 4 members as follows:

4. White’s Crossing coquina
3. Espey Crcek limestone
2. Ives conglomerate

1. King Creek marl

The King Creek marl occurs typically
on King Branch on the Sloan ranch, one-
fourth mile northwest of King Spring and
300 feet ecast of the road crossing (Loc.
205-T-124, Coord. R-17, P1. 1). It is a
dark-gray, colloidal, non-laminated, fos-
siliferous, lumpy, partially cemented hard
marl, which fills depressions, cavities, and
holes in the Ellenburger surface on which
the Chappel formation is deposited. In
most places it is less than 1 foot thick.
It is quile erratic in distribution and ap-
pears to occur only in places where the

foo
coveril AT -
A Jo

€oe

I . i

Fig. 9. Cross section through Honey Creek sink, Mason County.
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Location of sink holes containing Chappel formation in the Llano region

COORDINATES SIZE THICKNESS
LOCALITY (PL.1) Feet Feer

1. Honey Creek, three-quaiters of a mile northwest 1.33 700 N.-S. 5114
of the Mason-White ranch ioad, 7 miles south-
west of Mason, Mason Co. (fig. 9; Loc. 159-T-4),

2, East bank of Llano River at White’s Crossing, 8% 1-34 500 x 300 29
miles southwest of Mason, Mason Co. (Loc. 159-
T-2).

3. Gray’s ranch near Calf Creeck, 15 miles southwest G-22 800 x 1800 5
of Brady, McCulloch Co. (Loc. 153-T-63).

4, Arthur Neal ranch, 5 miles east-southeast of Rochelle N-14 100 N.-S. 6
on the north side of the Rochelle-Cavern road, 252 E.-W,
MecCulloch Co.

5. U. S. highway No. 87, 7 miles southeast of Brady, I-20 300 x 300 21
McCulloch Co. (fig. 10; Loc. 153-T-110).

6. Session ranch, 3% miles southeast of Brady, Mec- J-18 200 N.-S. ?
Culloch Co. (Loc. 153-T-79). 30E.-W.

7. East side of Onion Creek, 214 miles east of Nelin, K-15 250 N.-S. 1to3
MeCulloch Co. (south of Loc. 153-T-50; fig. 11), 125 E.-W.

8. Jack Sloan ranch east of windmill, % mile south- Q-16 300 x 500 20
west of ranch house, San Saba Co. (Loc. 205-
T-77).

9. Post Oak sink, 5 miles east of Cherokee, San Saba Y,Z-22 1 mile W.-S. ?
Co. (Loc. 205-T-64; fig. 7). 1.1 miles E.-W.
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Fig. 10. Cross section through Brady-Mason highway sink, McCulloch County.

Ellenburger had a rough surface so that
the silt and clay were protected from ero-
sion before the stronger currents deposited
the overlying conglomerate.

The Ives conglomerate is best exposed
along Ives Branch on the Gibbons ranch
2Y% miles southwest of Hall (Loc. 205-
T-125, Coord. 0-12, PL. 1), San Saba
County. Other typical exposures are on
King Creek one-fourth of a mile below
King Spring, Sloan ranch (Loc. 205-T-
124, Coord. R~17, PL 1); along the old
Chappel-Cherokee road one-half mile
southwest of Harrell cave (Coord. Z-19,
Pl. 1); 1 mile southwest of Loc. 205-
T-49 along the Chappel-Cherokee road
(Coord. Z-21, Pl. 1); and on Doffel-
meyer ranch 1.6 miles west of Parks B. M.
(Coord. AA-20, P1. 1). The rock ranges
in color from dark gray to almost white,
and in many places is slightly buff or

even tan. It is made up almost altogether
of silica and consists of large pebbles and
cobbles of gray and white chert derived
from the Ellenburger, set in a mairix of
silica sand and firmly cemented by silica.
The rock is so firmly cemented that it
breaks with conchoidal {fracture into
chunks and blocks without regard to the
surfaces of the cobbles. Therefore, it is
quite difficult or even impossible in many
places to free a pebble from the matrix;
any measurements of pebbles must be
made in cross sections. In most places
the pebbles are well rounded and have
the appearance of having originated from
rounded chert nodules. Rarely one or two
pebbles of dolomite can be observed but
nowhere are Ellenburger limestone pebbles
found. The thickness of the conglomeraie
in most places ranges from 6 to 14 inches.
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The Espey Creek limestone is by far
the most persisicnt member of the Chappel
and can be found almost anywhere along
the Barneit-Ellenburger contact where
good exposures of the two formations oc-
cur together. The name is derived from
the excellent exposures along Espey Creek
southeast of Hallenbeck ranch house. Lam-
pasas County (Loc. 141-T-6, Coord. HH-
20, Pl. 1). Other good exposures are
along ihe south side of Batile Branch on
the west line of Fuchs ranch 6 wmiles
southwest of Cypress Mills, Blanco County
(Loc. 16-T-5, Coord. HH-45, PL 1);
along a small branch on the Session ranch
314 miles southeast of Brady, McCulloch
County (Loc. 153-T-79, Coord. J-18,
P1. 1). At these localities this member
is made up of several layers of erinoidal
limestone, each layer having a thickness
of {rom 3 to 8 or cven 10 inches, having
somewhat wavy bedding planes, and con-
sisting of hard, erystalline Hmestone con-
taining a profusion of small crinoid stem
fragments. In many other places where
the member is nol more than 1 foot thick,
it consists of a single layer containing
erinoidal  débris or coquina somewhat
loosely cemented and sparsely fossilifer-
ous. The fossils are generally small and
poorly preserved. The thickness of the
member in its normal facies ranges from
6 inches 1o 4 {eet; its common average
thickness is only 8 to 12 inches.

White’s Crossing coquina, a crinoidal
detritus, occurs in limestone sinks and
depressions in the Ellenburger where it
has escaped post-Chappel erosion. The
best known locality is on the east side of
Llano River and on lhe north side of the
road at White’s Crossing (Loc. 159-T-2,
Coord. 1-33, Pl. 1); and along Honey
Creek 7 miles southwest of Mason, Mason

County {(Loe. 159-T-4, Coord. I-33,
Pl. 1). The member consists of several
lenticular layers of massive limestone

made up of coquing of c¢iinoid {ragmenlts
and containing numerous poorly pre-
served fossils. lLarge spirifers are pre-
dominani, and such forms as Spirifer
grimesi Hall, Spirifer carinatus Rowley,
and Brachythyris burlingtonensis Weller
suggest sirongly that these massive layers
are Burlington in age. The coquina de-
posits are very local in extenl being con-

fined to sinks and depressions but have a
thickness ranging up to 60 feel or more
depending upon the depth of the sink hole.

Microscopic characteristics—The most
conspicuous fealure of the Chappel when
viewed under a microscops is its coarscly
crystalline texture. The rock appears 1o
be an agglomerate of coarse calcite crys-
tals and crinoid eylinders sct in a matrix
ol waicr-deposited caleite wand containing
a small sprinkling of fine black silt par-
ticles. The large calcite crystals ave inter-
mingled with sections of crinoid stems also
made of crystalline calcite. The typical
rhombohedial cleavage of the caleile is
quite conspicuous on the faces of ihe
crystals and crinoid seciions. Some frag-
ments have the appearance of a mass of
imbricated calcite plates. The large cal-
cite crystals range up lo 2 mm. in size
and the small inter-crysial granules 1/40
to 1/20 mm. in diameter. The small
crystals which disintegrate from the loose
chunks average hall a millimeter in size.
Small crystals of pyrite of this same size
occur rarely in the material. It is note-
worthy that many thin sections show
growth of secondary calcite around origi-
nal caleite grains and calcite {ragments
derived from crinoid stems.

Distinguishing  [eatures.—The Chappel
formation is easily distinguished from
other formations in the region by its high
crinoidal content, its crystalline character-
istics, its siliceous conglomerate made up
of large cherl cobbles, and its fossil con-
tent which is unlike any other fauna.
Fverywhere the rock contains small cri-
noid [ragments, the vast majorily of which
are pieces of crinoid stems; almost no
calices or plaies occur. In many places
the crinoid fragments consist of short sec-
ficns of crinoid slems, shorter than wide,
which have beveled edges so that they look
like small buttons. The canal at the center
of the stem in most stem plates is small,
circular in cross section, and rarely, if
cver, large and pentilobale like many of
the canal sysiems of the Pennsylvanian
crinoid stems. The Chappel crinoidal bhed
15 distinguished from the crinoidal lentils
in the Marble Falls by 1is lighter color,
generally smaller crinoid stems, more
beveled and water-worn edges of its stem
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fragments, by ihe characteristically more
circular cross sections of the central canal
openings ir these fragments. It is easily
distinguished froma the Ellenburger lime-
stone by its crinoid content and by its
coarscly crystalline texture

Paleontology—The complete fauny of
the Chappel [formation has not been
studied. Roundy, Girty, and Goldman
(1920} studied the type locality. Girly
described and illustraled some minute fos-
sils and Roundy described the ostracodes
{rom the limestone. Since then rather ex-
tensive collections have heen made {rom
several localities in San Saba, McCulloch,
and Mason counties, and an interestine
new chapler in Mississippian paleontology
will be written when all these forms are
studied and identificd. The fauna as now
known from preliminarv work by our-
selves and {rom the published work by
Roundy and Girty consists of abour 60
genera and 117 species rccorded in the
following lisi, and of these the more char-
acteristic and common specics ave figured

in Plate 5.

Fossils from the Chappel formation

Anthozoa—
(Cladochonus sp.
Cysthaxonia minor Weller
Palaeacis? sp.

Brachiopoda —
Lingula halli White
Leptaena analoga (Phillips)
Leptaena convexa Weller
Schuchettella moersei Foerste
Schellwienella inflata (White and Whitfield)
Schellwienella cienulicostata Weller
Schellwienella planumhona Weller
Sireptorhynchuas tenuicostatum Weller
Chonetes illinoisensis Worthen
Chonetes missowricnsis Weller
Chonetes logani Notwood and Pratten
Chonetes burlingtoncensis Weller
Chonetina subearinata Gitty
Avonia blairi (Miller)
Dictyoclostus mesicostalis (Weller)
Dictyoclostus c1awlordsvillensis (Weller)
Dictyoclostus calliounensis {Moore)
Productus maiginicinctus Piout
Pioduclus newtonensis Moore
Linoproductus cmitivostris (Winchell)
Linoproductus ovatus (Hall)
Productella sublaevis Weller
Cancrinella sampsoni (Weller)
Canctinella paivala (Winchell)
Pustala pusilla? (Girty)
Pustula inconspicua Girty
Echinoconchus moibillianus (Winchell)
Rhipidomella builingtonensis (Hall)

Rhipidomella pevminuta Cirty
Rhipodomelly micsouriensis (Swallow)
Rhipidomella aweni (Hall and Clarke)
Rhinidomella thiemei (White)
Schizephoria subelliptica (White and Whit-
field)
Schizophotia chouteauensis Welle
Schizophoria cedaliensia Weller
Sehizophoria poststiiatula Wellew
Schizophoria swallovi (TTall)
Camarophoiia bisinuata (Rowley)
Camarotocclia chouteavensis Weller
Camarotocehia elegantula Rowley
Leisthvnchus greenianum (hich)
Pugnoides hoonensis (Shumard)
Shumaidella ohsolens (Hall)
Rhynchopora hambuigensis (Weller)
Rhynchopora pustnlosa (White)
Rhynchopora heecheri Gresor
Rhynchopora persinuata (Winchell)
Rhynchopora ceopetensis (Shumaid)
Centronella? emaciata Rowley
Selenella subeireularis Girty
Centronelloidea rowleyi (Worthen)
Cranaena glohosa Weller
Nielasma subspatulatum Weller
Dielasma burlingtonense (White)
Dielasmella calhounensis Welle
Cyrtina bmlingtonensis Rowley
Cwvitina neogenes Hall and Clatke
Delthyris novamexicana (Miller)
Delthyris similis Weller
Spirifer pikensis Rowley
Spirifer latior Swallow
Spirifer missouriensis Swallow
Spitifer insculplus Rowley
Spirifer carinatus Rowley
Spirifer pellaencis Welles
Spirifer keokuk Hall
Spirifer grimesi Hall
Spirifer mortonanus Miller
Punctospirifer subtextns (White)
Punctospitifer solidirostris (White)
Punctospirifer subellipticus (MeChesney)
Brachythyiis butlingtonensis Welle
Brachythyris feinglenensis (Weller)
Brachythyiis chouteanensis (Weller)
Brachythyris suhothicularic (1Tall)
Bracliythyris seminlicata (11all)
Biachvthyiis peculiaris (Shumard)
Brachythyris? simulans Girty
Spiziferella plena (Hall)
Spiriferella? schuchetti (Rowlev)
Acanthospira acienlifera (Rowley)
Martinia suleota Weller
Amboroelia mmionencis Weller
Amboceoclia levicula Rowley
Reticulaiia coopeiensis (Swallow)
Reticnlaria pseudolineata (Hall)
Pivchoopira seaplicsta (White and Whitlield)
Kumetiia althostris (White)
Fumetria osagensis (Swallow)
Eumetria perstrialis Rowley
TTustedia texana Girty
Hustedia patvicostata Gitty
Hustedia problematica Girty
Hustedia subacqualis Girty
Athyris lamellosa (Léveillé)
Cleiothyiidina glenpaikensis Weller
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Cleiothyridina prouti (Swallow}
Cleiothyridina obmaxima {(McChesney)
Cleiothyridina incrassata (Hall)
Cleiothyridina tenuilineata (Rowley)
Composita pentagonia Weller
Composita opposita (White and Whitfield)
Composita corpulenta (Winchell)
Composita glohosa Weller
Gastropoda—
Bembexia aff. B. lativittata Girty
Ohthonychia nngula Weller
Pleurotomaria sp.?
Platyecias glenparkense Weller
Pteropoda—
Hyolithes parvulus Girty
Cephalopoda—
O1thocceras sp.
Trilobita—
Proetus roundyi Girty
Ostracoda—
Aurigerites téxanus Roundy
Paraparchites sp.
Healdia ampla Roundy
Xestoleheris? suhcorbuloides Jones and Kirby

Correlation—Inspection of this list in-
dicates that the Chappel formation is
Lower Mississipplan in age, ranging per-
haps from lower Kinderhook through
Burlington. Tt is certain that the Chappel
strata in the different outcrops, particu-
larly in the differeni sink holes where
the formation is the most fossiliferous, are
not exactly the same age. The faunas in
some of the sink-hole facies differ mark-
edly from each other and from the some-
what dwarled, less well-developed fauna
of the type locality in the central San
Saba area. For example, the fauna from
the limestone sink at White’s Crossing
with its robust forms such as Spirifer
grimesi Hall, Spirifer carinatus Rowley,
Brachythyris suborbicularis (Hall), Rbhi-
pidomella missouriensis (Swallow), Schi-
zophoria poststriatula Weller, Orthonychia
ungula Weller, and others, indicates strong
affinities with lower Burlington. The col-
lections {rom the sink on the Jack Sloan
ranch in San Saba County and from the
sink on the Gray ranch in McCulloch
County appear to be more closely related
to Kinderhook forms. The fauna from the
thin section prevalent in most places along
the top of the Ellenburger outcrop, on the
other hand, is impoverished and the shells
are poorly preserved. It is characterized
by the trilobite Proetus roundyi Girty,
which is one of the commonest fossils at
many localities. The fauna does not corre-
late exactly with any of the well-known

faunal units of the Mississippi Valley but
appears to be more a mixiure of several
faunas, as if the thin layer was accumu-
laling slowly while a much thicker section
of beds was being laid down in Arkansas
and Missouri. This relationship, perhaps,
may have led Girty to refer to the Chappel
as “beds of Boone age,” and to regard
the Boone as an assemblage of several
paleontological zones, as undoubtedly is
true. The exact correlalion of the Chappel
will, therefore, have to await a more de-
tailed study of the fauna. A preliminary
correlation with the slandard section of
Missouri, I1linois, and New Mexico is in-
dicated in the accompanying faunal chart.

Fossil Localities

The more important fossil localities
from which the Chappel fauna has been
collected are listed below:

16-T-5 (HH—45, Pl. 1).—Blanco County, 2
miles south and one-half mile west of Cypress
Mills in the hed of Battle Branch. It is reached
by taking the Cypress Mills-Pedernales Falls
road south from Cypress Mills, driving a distance
of 3 miles to the H. D. Fuchs ranch house, then
driving west along a secondary ranch road a
distance of 1 mile to a fence line, and then
walking south 600 feet to Battle Branch. The
locality is along the creek on the east side of
the fence.

27-T-4 (HH-38, Pl 1).—Burnet County, 1
mile due south of Marble Falls on east side
of Burnet-Johnson City highway. It is reached
by driving south on the Johnson City highway
a distancc of exactly 1 mile from the bridge over
Colorado River and stopping at a gate on the
cast side of the road near the top of the hill.
The locality is in the secondary road bed just
east of the gate.

27-T-12 (HH-37, Pl. 1).—Burnet County,
on the south bluff of Colorado River, 0.8 of a
mile east of Colorade River bhridge at Marble
Falls, It is reached by taking the secondary road
0.1 of a mile south of the south end of the
Colorado River bridge and driving about 1 mile
east to a camp at the Alexander dam site, then
walking back along the south side of the river
from the old dam a distance of about 500 feet.
The locality is near the top of the bluff in shale
at the top of the Ellenburger escarpment.

27-T-18 (1I-39, Pl. 1).—Burnet County, 4
miles south and 2.5 miles east of the Marble Falls
bridge at Marble Falls. It is reached by taking
the Marble Falls-Johnson City road, traveling
1.25 miles south to the road fork, taking the
left-hand road going southeast a distance of 0.8
of a mile to a road fork, continuing south on the
right-hand branch a distance of 1 mile to a gate
and secondary road, turning east through the



Oversized
page



The Carboniferous Rocks of the Llano Region of Central Texas 31

gate and traveling along a second-class road a
distance of 2 miles to Fowler’s ranch on main
fork of Doublehorn Creek, walking south up
Doublehorn Creek 2,100 feet to outcrop in bot-
tom of the creek. '

27-T-22 (11-21, PL 1).—Burnet County, 5
miles southwest of Lampasas, 0.1 of a mile south
of Lampasas-Naruna road. It is rcached by
traveling the Tampasas-Naruna road a distance
of 5.5 miles to a gate and secondary road lead-
ing to Pillar Bluff Creek and along the secondary
road to the creek crossing. The locality is along
the bank and in the bed of Pillar Bluff Creek

east of the road crossing.

27-T-24 (1I-22, Pl 1).—Burnet County, 6
miles west and 2.5 miles south of Lampasas. It
is reached by taking the San Saba-Nix road,
traveling 3 miles west to a road fork, turning
sharply south, and tiaveling to Espeyville. The
fossils are in the Chappel limestone in the bot-
tom of a small hhanch 0.1 of a mile due south
of the old Espeyville church west of the road.

134-T-12 (D-34, PL 1) —Kimble County,
4.75 miles cast and 2 miles south of London on
the bank of Salty Creek about 2 miles upstream
from Llano River. It is reached hy following the
road from London to Plluger 1anch headquarters
on Saline Cieek, taking the ranch road which
leads up the west side of a dim road which leads
down to Salty Creek. The fossils occur in a pink-
ish crinnidal limestone on the banks of the creek
south of the point where the road ends. Many
trilobites occur here.

153-T—-39 (M-14, PL 1}).—McCulloch
County, 5 miles east and 1.5 miles south of
Rochelle. Tt is reached by taking the Rochelle-
Richland Springs and Cavern road about 6.5
miles east. The locality is 1.5 miles east of
Arthur Neal’s house along the east side of a
small northeast-flowing branch about 0.1 of a
mile north of the road.

153-T-63 (G—22, PL. 1) .—MecCulloch County,
about 10 miles southwest of Brady, 3.75 miles
sonth and 1 mile west of Davis School. Tt is
reached by taking the road from Davis School
to Gray ranch and driving southwest from the
ranch house along the ranch road leading to
Camp Cieek, a distance of 2.25 miles. The lo-
cality is on the hillside on the west side of the
sink near a sharp curve in Camp Creek,

153-T-79 (J-18, Pl 1) —McCulloch County,
4.5 miles southwest of Brady, 0.5 of a mile south
of Brady Creek on Session ranch. It is reached
by taking the Brady-Voca road to a pasture gate
on the north side of the road 4.5 miles south-
west of Brady at a point where the road turns
sharply due south, then walking northeast 0.25
of a mile to a branch of Brady Creek and down
the branch about 0.25 of a mile to the outcrop
of Chappel rocks. The locality is on the west
bank of the branch.

153-T-110 (I-20, PL 1).—McCulloch
County, 6 miles south and 2 miles east of Brady
on Brady-Mason road. It is reached by driving

on Brady-Mason road 6 miles southeast of the
courthouse to a gate and windmill on the west
side of the road. The locality is at a small clay
pit at the side of the 10ad, 0.5 of a mile south-
east of the windmill. The best fossils have heen
collected on the west side of the highway.

159-T-2 (§—-34, PL 1).—Mason County, 10
miles southwest of Mason on the east bank of
Tiano River at White’s Crossing. It is reached
by taking the Mason-White’s Crossing road to
Tlano River. The locality is on the north side
of the highway about 400 feet north of the con-
crete slab crossing Llano River,

159-T—-4 (I-33, Pl 1).-—Mason County, 7.5
miles southwest of Mason courthouse on the east
bank of Honey Creek. It is reached by taking
the Mason-White’s Crossing road to Honey Creek
and walking up Honey Creek 3,000 feet. The
locality is on the lower ledge of Chappel lime-
stone near the base of the cliff.

1590-T-13 (G—34, PL 1).—Mason County,
on White’s ranch 5 miles west of White’s Cross-
ing and 0.75 of a mile south of Llano River. Tt
is reached by taking the White’s Crossing road,
turning north on a secondary road 4.9 miles west
of White’s Crossing, and driving north to the
ranch house. The locality is about 1,700 feet
noith of the ranch on the north bank of Pecan
Creck at a point where the creek bends sharply
eastward.

159-T—19 (G-35, Pl. 1).—Mason County,
3.5 miles southwest of White’s Crossing and 1
mile south of windmill. Tt is reached by taking
the Mason-White’s Crossing road, turning south
on the road to Mill Creek 3.9 miles west of
White’s Crossing, and driving south 1.25 miles.
The locality is on the south side of Mill Creek
road in exposures along the road.

159-T-45 (E—32, Pl. 1).—Mason County, on
north line of the L. B. Fckert ranch, 1 mile
east of Mason-Kimble County line and 3 miles
gouth and a little east of Erna. It is reached
by taking the Mason-London road through
Streeter, turning south at the small village of
Erna, located necar the Mecnard-Mason County
line, riding south along the secondary road for
3.75 miles to a windmill and water tank, then
turning east on the voad to L. B. Eckert ranch,
a distance of 1 mile, and walking north up a
small branch leading to Leon Creek. The locality
is along the north fence line of Eckert ranch,
900 {eet west of the branch of l.eon Creek.

205-T—-21 (X--16, PL. 1).—San Saba County,
2.75 miles southeast of San Saba on the east
side of the San Saba-Chappel road. It is reached
by driving out the San Saba-Chappel road 2.75
miles to a point where the road makes a sharp
curve ascending a steep escarpment. The locality
is on the east side of the road. This is the type
locality from which Roundy and Girty described
Chappel fossils for the first time.

205-T-58 (T-18, Pl 1).—San Saba County,
9 miles southwest of San Saba, 134 miles west of
San Saba-Wallace Creek road. It is reached by
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taking the San Saba-Wallace Creek road to
Pebbly Point School, going west over a secondary
ranch road, and following this road northwest
a distance of 1.5 miles. The locality is on the
west side of a prominent hill in the base of the
shale slope capped by Marble Talls limestone.

205-T-77 (Q-16, PLl. 1).—San Saba County,
7 miles due south, 0.8 of a mile west of Richland
Spiings, southcast of windmill on Jack Sloan
ranch. Tt is reached by taking the Richland
Springs-Maxwell Crossing 1oad south from Rich-
land Spiings for 9.5 miles, then turning off
abruptly south at a secondary road which is 1.5
miles east of a road cormer where therc is a
prominent windmill known as ITackherry Well,
and diiving 1.4 miles down the road to the
windmill and pen. The locality is on the east
side of the pen.

205-T-123 (Z-17, Pl 1).—~San Saba
County, 4.5 miles west, 1.75 miles north ol Bend.
It is reached by taking the San Saba-Bend 1cad
to Bough Creck Ciossing, turning south thiough
a gate 0.1 of a mile east of the crossing, aund
diiving 0.25 of a mile to Pool Branch; then
walking west up Pool Bianch about 0.2 of a
mile to the first small stream entering Pool
Branch fiom the southwest and walking up the
southwest branch 1,000 feet to the outcrop. The
outciop is on the bottom of the creek,

205-T-124 (R-17, PL 1).—San Saba
County, 9.25 miles sonth, 1 mile east of Richland
Springs, and 0.6 of a mile south of Maxwell
Ciossing on San Saba River at King Branch.
It is reached by taking the San Saba-Richland
Springs 10ad to Harkeyville, turning south at
Harkeyville and going to Sloan School on the
south side of Yan Saba River, continuing 2 imniles
southwest fiom Slean School toward Maxwell
Crossing to a road fork, and then continuing
straight ahead for 0.75 of a mile on a sccondary
road to King Braach and walking down the
branch a distance of about 300 fect to the ont-
crop. The outciop is on the north side of the
creek at the base ol the cieek al the hase of a
steep shale slope.

205-T-125 (0-12, PL 1).—San Saba
Countv. 2.4 miles southwest of Hall. Tt is reaclied
by taking the new San Saba-Brady highway,
turning off 0.1 of a mile west of the west county
line and traveling mortleast on the old 10ad a
distance of 1.9 miles to a ranch house on the
south side of the voad, then going souih on a
secondary 1oad leading south {rom the ranch
house a distance of about 0.25 of a mile 1o a
small bianch cieek valley. The chert conslom-
erate is exposed along the sides of the creek
valley on the top of the Ellenbhwger dolomite
over a distance of nemly a nile. 'This locality
is the best exposure of the hasal conglomeiate.

BARNETT FORMATION

Historical accouni.—The strata now re-
ferred to the Barnett {ormation have been
known since the days of the earliest geo-
logical work in central Texas. Gabb

(1862) named a fossil Goniatites enio-
gonwm, which was collected from these
sirata 3 miles southwest of Lampasas.
B. F. Shumard (1863), Cummins (1890,
pp. 147-148), Tarr (1890-A, p. 202},
Hyatt (1893, pp. 467-474), J. P. Smith
(1903), Udden, Baker, and Bose (1916, p.
423, R. C. Moore (1919, p. 229), Girty
(1919), Cirty and Moore {1919, pp.
419-420), and Roundy (1926, pp. 5-
23), all contributed to the knowledge
of these beds. Moorve and Girty were
the first to differentiatc them from the
overlying Marble Fails strata. Girty
(1919) showed 1hat these lower shales
were Upper Mississippian in age and not
Pennsylvanian and confirmed the opinion
that they deserved separaie {ormation
rank. The lower black and brown shales,
however, remained without & name mntil
1921, when Plummer aud Mooie (1922,
p. 23) designated them Bainett for the
excellent exposurcs just north of Barnett
Falls and Barnett Springs in San Saba
County. Later Plummer and Scott (1937,
p. 15} showed that a persistent limestone
abour 1 foot thick below the base of the
Marble Falls and in the top of the Bar-
neti was also Mississippian in age and,
therefore, belonged in the Barnett. Sel-
lards (1933, pp. 92-94) {ollowed the
usege of Plummer and Moore and cor-
recily defined the Barnelt to include all
Mississippian strata between the Chappel
formation helow and Marble Falls above,
and this delinition is now genecrally ac-
cepted by all workers in central Texas.

Extent and thickness—The Barneit [or-
mation oceurs as a narrow band of out-
crop between the Marble Falls  and
Ellenburaer along almost the cntire area
of the Kllenburser outcrop az shown on
Plate 1. Tt is gaiic thin and entirely ahsent
in places around Brady and absent along
most of the Ellenburger border south of
Colorado River in the Marble Falls, Spice-
wood, and northeast Kimble County dis-
tricts. Elsewhere it is recognized in the
field and on aerial maps as a narrow belt
of 1nesqeile trees and white brush be-
tween an area of post oak and black jack
oaks on one side and live oaks, mesquite,
and somewhat open grassland on the other.
In mosi places the outcrop of Barnett is
only 100 to 150 {feel wide, winding, and
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where not interrupted by [aults, very per-
sistent. In many places it is the site of
country roads, since the soft shale is much
more favorable for road building than
the rough, scarp-forming Marble IFalls
limestone on the one side and the boulder-
strewn Ellenburger dolomite on the other.
In San Saba County a map of some of
the pasture roads is almost a map of the
outcrop. In other places the Barnett out-
crop is marked by a chain of small culti-
vated fields which are the only tillable
land in large stretches of rough pasture
land. These features stand out clearly on
aerial and geologic maps of McCulloch,
San Saba, and Lampasas counties.

In lithology and thickness the Barnett
[ormation is the most uniform of the
stratigraphic units in the rcgion. Across
western Lampasas and San Saba counties,
except where affected by structure, it has
a uniform thickness of 30 to 40 feet. In
McCulloch County it is only from 5 to 31
feet thick and in places is absent or ob-
scured by talus from the overlying Marble
Falls. In Mason County on Honey Creek
valley it reaches a maximum thickness of
90 feet. In subsurface well sections north
of the outcrop in Mills and Brown coun-
ties it is thought to have a thickness of
50 to 100 feet. Typical sections are illus-
trated in figure 11 and Plate 6.
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Fig. 11. Outcrop of Barnett shale and Ellenburger limestone in Onion Creek valley, McCulloch
County, cross sections showing relationships of the strata, and columnar sections of the Barnett

shale penctrated in three pits.
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Lithology.—Throughout the northern
part of the region [rom central Lampasas
County to the eastern border of McCulloch
County, the Barnett formation consists of
an upper hard, black, subcrystalline, pet-
roliferous, fossiliferous, goniatite-bearing
limestone averaging a foot in thickness
and a lower dense, black, soft, thin-bedded,
petroliferous, fossiliferous shale, weather-
ing brown and containing in most places
large, flattened, ellipsoidal, calcareous con-
cretions 8 to 36 inches in diameter. The
shale is 30 1o 39 feet thick. About 10 to
15 feet from the bottom, a thin, calca-
reous, highly fossiliferous silistone occurs.
Most of the ellipsoidal concrelions are
below the siltstone zone in the lower quar-
ter of the shale section. Throughout the
western part of the region, in central Me-
Culloch County around Brady and in Ma-
son County west of Mason, crystalline,
crinoidal, and in some places oolitic lime-
stone layers come into the section to re-
place part of the shale, probably the
upper portion of the formation. The
lower portion of the shale and the Neo-
glyphioceras limestone is absent in many
places around Brady, and in other places
all the Barnett was rvemoved by erosion
before the deposition of the upper Marble
Falls so that the Marble [alls rests di-
rectly on the Ellenburger, as shown on
the map, Plate 1, and in figure 13.

The details of the stratigraphy of this
formation and changes in the lithology
are hesl illustrated by the following de-
scribed sections:

Section on Doublehorn Creek, 4,000 feet north-
west of Doublehorn School, Burnet County (Loc.
27-T-13; Coord, 11-38, PL. 1).

TBICKNESS
Feet

3. Marble Falls limestone, hlack,
thin bedded, fossiliferous, con-
taining productids, trilobites,
compositas, crinoid stems, and
other fossils . ... 30
2. Barnett shale, brown, soft, petro-
liferous, containing ellipsoidal

_concretions . I 15
1. Chappel limestone, Jight gray, cri-
noidal ... . Yo tol

This locality is 250 feet west of the road
crossing where the creek makes a sharp
curve and crosses the road and hallway
up the east-facing bluff.

Section of Barnett shale 4.4 miles west of Lam-
pasas and 2Ve miles east of Espeyville church on
cast edge of Ilallenbeck pasture about 0.6 of a
mile east of ranch house, Lampasas County {Loc.
141-T-11, Coord. HH-20, Pl 1).

THICKNESS
Feet

4, Shale, hlack, hard, somewhat too
solidified to form shaly lime-
stone. glauconitic and oolitic 2%

3, Shale, black, thinly laminated,
fissile, containing large ellip-
tical, firmly cemented, siltstone
concretions 1 to 2 feet long and
6 inches to 1 foot thick: fos-
ciliferous, contains many mi-
nute pelecypods and goniatites.
Goniatites occur commonly in

the coneretions .. ... 25
2. Limestone, black, moderately
hard, impure, somewhat shaly_ 4

1. Shale, black, hard, pectroliferous;
contains a few spherical con-
cretions, smaller than those de-
scribed above, fossiliferous, con-
tains Neoglyphioceras . . .. 11

Total thickness __ ... 42%

Section of Barnett shale 2% miles due east of
Bend on Colorado River, San Saba County (Co-
ord, CC-18, PL 1).

THICKNESS
Feet

2. Limestone, dark bluish gray, fos-
siliferous, containing Goniatites
1. Shale, black, fissible, well lam-
inated, fauly cvenly bedded
and petroliferous. Beds range
from small fractions of an inch
to 1 inch in thickness and con-
tain a few medium-sized, cal- ,
careous spheroidal concretions 914

Total thickness of the Bar-
nett exposed .. ... 10

Section of Barnett formation along bottom and
sides of a west-flowing stream valley, north side
of the San Saba-Bend road about 1 mile south-
east of the junction of the San Saba-Bend road
and San Saba-Lometa road, 100 yards east of
tank at the type locality of the Barnett formation,
northeast of Barnett Springs, San Saba County
(Loc. 205-T-70; Coord. Y-15, PL 1).

THICKNESS

Feet Inches
10. Limestone, bluish gray, fossilif-
erous, containing Goniatites

choctawensis  Shumard and
other Mississippian fossils ... .. 8
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Shale, black, marly and clayey,
weathering  grayish  yellow,
somewhat ferruginous, evenly
and thinly laminated, lamina-
tions % to 1 inch apart, lower
portion weathering to form
thin, slate-like plates

Limestone or siltstone, grayish
white, fossiliferous

Shale, black, weathering brown,
petrohfemus o

Iimestone, grayish whlte, fossilif-
erous

Shale, black and brown, strongly
petroliferous, containing some
brown limonite and some cal-
cite

Limestone, gray, hard, fossilifer-
ous

Shale, black, weathering yellow-
ish hrown, hard, yielding strong
odor of oil when freshly broken
and containing large ellipsoidal
concretions which range in size
from 6 inches in diameter to
Fx2xl _ .

Limestone, gray,
hard S

Shale, black weathermg brown,
hard, ﬁsslle, petroliferous, rest-
ing on grayish-white, crinoidal
limestone of Chappel age

fossiliferous,

Total thickness of the Barnett

THICKNESS
Feet Inches

26

40

10

10

7

4

The upper 28 feet of the above section

are exposed in the valley bottom and
along the valley walls; the lower 10 feet
were examined by digging a pit 4 feet
square and 10 feet deep to the top of the
Chappel limestone.

Section of Barnett formation along San Saba-

Chappel road at steep escarpment located about
3 miles southeast of San Saba at old lime kiln,
San Saba County (Loc. 205-T-10; Coord. X—16
PL1).

8. Limestone, dark hluish-gray, al-

most black, fossiliferous, con-
taining many Goniatites, Leio-
rhynchus, and a few other fos-
sils, highly petroliferous

7. Shale, brown, weathering yellow;

ish brown, containing consider-
able calcite and ferruginous
material between shale laminae

6. Siltstone, grayish brown, slightly

fossiliferous

5. Shale, brown, weathering yellow-

4. Siltstone,

ish gray, soft, petroliferous
grayxsh brown, finely
granular petroliferous ... -

THICKNESS
Feet Inches

10

3. Shale, brown, weathering yellow-

ish, somewhat variegated, com-
posed of alternating layers of
blue, hrown, and black shale
containing some ferruginous
material and gypsum, thinly
bedded, fairly evenly lami-
nated, arenaceous, containing
some gypsum and some calcite
and large spheroidal concre-
tions, which are quite petrolif-
erous when fresh. Concretions
occur most commonly in the
lower poition of the bed

2. Limestone or siltstone, ])rowmsh

gray, fossiliferous, containing
Neoglyphioceras in large num-
bers, which are easily recog-
nized by their minute, even
lirations and compressed, flat-
tened, disc-like shapes _ ... .

1. Shale, brown weathering yellow

brown, petroliferous, glauco-
nitic, containing large numbers
of conodonts at hase _ ... .

Total thickness measured..

35

THICKNESS
Feet Inches

24

38 |

2

Section on Leonard ranch, 100 yards east of

Marble Falls formation—

9. Limestone, dark gray, motiled,
subcrystalline

Barnett formation—

8. Limestone, bluish black, finely
crystalline, fossiliferous, con-
taining Goniatites, Nucu-
loceras, and other Upper
Mississippian fossils

Shale, yellowish gray, weather-
ing yellow, soft

Siltstone, brownish gray, petro-
liferous

Shale, vellowish gray, soft

Siltstone, yellowish brown ...

Shale, brown, weathcring yel-
lowish brown, soft ______ ____

Limestone, brownish gray ...

Shale, brown, weathering rusty
yellowish gray, soft, ferrugi-
nous, containing small sphe-
roidal concretions . _ ___.

H meo o N

Total thickness measured .

The lower 10 feet were exposed
clearly by digging a pit through the talus
and soil to the top of the Chappel lime-
stone.

Baker Spring and about one-fourth mile north of
Leonard ranch house, San Saba County (Coord.
S-14, PL 1).

THICKNESS
Feet Inches

12

27

P

more
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Section on west side of Turkey Roost Creel on
Sloan ranch about one-half mile south of red
gate on west side of ranch road, San Saba County
(Loc. 205-T-74; Coord. R-17, P1. 1).

THICKNESS
Feet Inches

Marble Falls formation—
5. Limestone, black, thin bedded,
hard, subcrystalline, chert
bearing. The chert consists
of dense, black, irregularly
shaped chert nodules. The
limestone and chert are fos-
siliferous, containing chone-
tids, productids, ete, ... 2
Barnett formation (38 feet)—
4. Limestone, black, hard, petro-
liferous, oolitic, containing
Goniatites, Caneyella, etc..... 2 6
3. Shale, brown, weathering yel-
lowish gray, containing large,
spheroidal, dense, suberystal-
line, petroliferous concre-
tions and one or two thin
layers of siltstone ... 24
2. Siltstone, bluish gray, fossilif-
erous, containing Neoglyph-
loceras . .o 6
1. Shale(?), covered by sdt,
shale, and water of a small
stream, containing spheroidal
concretions . . ... ... 11 ..

Total thickness of section 40 __.

Section on west side of valley, 1,600 feet west
of Honey Creek and 2,200 feet northwest of
White’s Crossing road, Mason County (Loe. 159-
T-3; Coord. I-33, PL 1).

THICKNESS
Feet Inches

Marble Falls formation (30 feet) —

16. Limestone, dark gray, in places
bluish black, massive, sili-
ceous, containing layers and
nodules of black chert, many
of which contain large num-
bers of minute fusulinids
and small fossils filled with
quartz crystals . 10

15, Shale, soft, dark brown, mostly
covered with talus and chert
nodules from the overlying
limestone .. . 20

Barnett formation (67 feet,
8 inches) —

14. Limestone, dark gray, nearly
black, fine giained, nodular,
very fossililerons, containing
ammonites, of which Gonia-
tites choctawensis Shumard
is commoncsl. and laige num-
bers of brachiopods, mostly
spirifers and productids ...... 1

13. Shale. dark ])rown, poorly ex-
posed

12. Limestone, dark gray or black,
hard, dense, finely crystal-
line, coniaining large num-
bers of goniatites, especially
Goniatites choctawensis Shu-
mard

11. Limestone, dark brownish gray,
made up of thin beds of
rough, granular, {riable, soft,
gray, coarsely crystalline,
crinoidal limestone. The cri-
noid fragments are small and
consist of stems and small
plate fragments. The thin
beds of limestone are inter-
bedded with thin layers of
shale

10. Limestone, dark gray, soft,
granular, friable, coarsely
crystalline, fossiliferous, con-
taining mostly crinoid frag-
ments

9. Shale, or soft, weathered lime-
stone, containing thin layers
of weathered limestone 1 to
4 inches thick made up of
large quantities of small cri-
noid fragments and contain-
ing many specimens of Leio-
rhynchuss oo

8. Limestone, dark gray, moder-
ately hard, coarsely crystal-
line, standing out as a more
resistant ledge. The rock is
made up apparently of a
mass of closely cemented,
small calcite crystals and
grains . .. . o

7. Shale, mtelhedded with thin
bands of soft, granular lime-
stone 1 to 2 inches thick . _

6. Limestone, dark hrownish gray,

oolitic, having a smooth sur-
face and containing in some
places minute fragments of
crinoid stems, less than

2 mm. in diameter. In places

the rock is almost a coquina
of small crinoid detritus

Shale, covered by detritus . .

4, Limestone, weathered and al-
tered to a white, calcareous,
soft tock. A fresh fragment
of this layer indicates that
the rtock was originally a
dense black limestone con-
taining ooclites, minute shell
fragments, and numerous fos-
sils; among these can be
identified Spirifer, Caneyella,
and Neoglyphioceras; the
rock weathers to a chalk-like
fibrous caliche . ...

3. Shale, brown, mostly covered.

2. Limestone, brownish gray, soft,

thin bedded, fine grained,

@0

THICKNESS

Feet Inches

11

[ I W]

—
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1HICKNESS
Feet Inches

silty, having a dectded odor
of oil when treshly hroken,
and which weathers into
small  irregularly  shaped
chunks and plates a fraction
of an inch thick; the surface
of some contain impressions
of productids, pelecypods,

1. Shale, or bleached and weath-
ered. shaly limestone, white
or brownish white, soft,
earthy, resembling caliche,
conlaining beds of thin, silty
limestone 1 to 2 inches thick
which have a distinct petro-
liferons odor. The fine cal-
cium carhonate dissolves rup-
idly in acid and leaves a
thick network of siliceous
veinlets and insoluble sandy
grains .20

Total thickness of <ection 97 8

The above section is localed about a
thousand {eet north of a prominent fauli.
The strata dip rather steeply at angles of
from 15° 10 32° toward the south. Some
of the layers have slumped badly. and
others are poorly exposed, so that it is
very difiicult to measure the dip accurately
and 1o calculate the exacl thickness. The
Barnett formation here is thicker and con-
tains relatively less shale and more lime-
stone than at any other locality in the
region. The fossils arc nunierous in manv
of the limestone layers, especially in the
upper crinoidal beds. Goniatites choc-
tawensis Shumard and Letorhynchus car-
boniferum Girty are the commonest
species.

Section of the Barnett jormuation on east side
of Honey Creck, 4,500 f{eet north of White’s

Crossing road, Mason County {(Loc. 159-T-4;
Coord. 1-33. L 1.
THICKNESS
Feet
5. Shale(?), covered by detritus 10
4. limestone, dark gray, hard, made

up of a coquina-like mass of

small erinoid stems 1
3. Shale, brown, mostly covered by

talus, hut containing at leasl

one layer about 2 inches thick

of finely granulated oolitic

limestone [ 3
2. Limestone, daik gray or hrown-

ish gray, erystalline, containing

many minute crinoidal frag-

ments in the lower part . . 2

THICKNESS

Feet Inches
1. Shale, brownish gray, silty, con-
taining thin layers of brown,
soft siltstone which gives off a
strong odor of petroleum when
broken. The layers which oc-
cur about 5 feet below the top
contain fossils, small brachio-
pods, and small pelecypods,
among which Caneyella is com-
mon; small rephalopods are

conspicuous 21

Total thickness ol section 37

Subdivisions.—These detailed descrip-
tions show that the Barnett formation can
be separated in some places into two mem-
bers, as follows:

2. Upper member, containing the Goniatites
fauna and consisting of a black, very fossiliferous,
{ragmental limestone about 8 inches thick at the
top followed below hy about 25 feet of nonfossilif-
erous. brown, carbonaceous, plant-bearing shale.

1. Lower member, containing the Neoglyphi-
oceras fauna and consisting of a thin siltstone
band 2 to 4 inches thick at the top, characterized
by large numbers of neoglyphioceratids and
caneyellas followed downward by about 15 feet
of black and brown fissile shale containing large
spheroidal calcareous concretions (Pl 7). The
black shale and rvarely the concretions carry
minute caneyellas, other small pelecypods, and
rarely large Orthoceras shells, in some places 6
inches or more in diameter. Conodonts oceur
at the hase, in some places in large quantities.

Two distinct {acies of the Barnett are
distinguishable, a shale facies and a lime-
stone facies. The shale facies described
above with its two divisions is remarkably
persistent and can be identified easily and
traced with little difficulty across the
northern part of the region from the Cre-
taceous outcrop in Lampasas County
across San Saba County to Onion Creek
in eastern McCulloch County. In McCul-
loch County wesl of Onion Creek, the
Barnett formation thins, appearing to be
absent in most places, or represented by
only a foot or two of Leiorhynchus-
bearing limestone at a few localities. The
Neoglyphioceras fauna has not been found
in McCulloch County or anywhere on the
west side of the uplift. In Mason County
on the west side of the region, particularly
in the Honey Creek valley, the Barnelt is
represented by a section more than 50
feet thick, made up of allernating layers

of black shale 1 or 2 feet thick and thin
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crinoidal and oolitic limestones containing
Goniatites and Letorhynchus at several
different horizons, but no neoglyphiocera-
tids. In most places, however, the lower
layers of the Barnett are very poorly cx-
posed and commonly are altered by
weathering agencies, so that it is impos-
sible to determine the fossil content. The
limestone facies, however, appear to be
prevalent from Brady southward into Ma-
son County and westward to Kimble
County, although in many places the strala
are poorly exposed, thin, or entirely ab-
sent. The overlying basal Marble Falls
formation in this area, in many places,
is shale, obscuring the Barnett outcrop
and complicating mapping procedure. In
places a thin pebble and nodular con-
glomerate lies between the remnants of
Barnett and Marble Falls, and it is thought
that in some places much of the Barnett
outcrop was removed by erosion before the
Marble Falls strata were deposited. In
other places the outcrop of the upper
Barnett appears to have overlapped the
basal Barnett beds. The Marble Falls
strata, too, as will be pointed out later,
are probably younger in age in the vicin-
ity of Brady than the basal Marble Falls
beds in the Lampasas and San Saba areas,
so that longer hiatuses may have occurred
in the Brady area than farther east and
north between both the Chappel and Bar-
nett and the Barnett and Marble Falls.

Microscopic  characteristics. — Micro-
scopically the Barnett limestone layers dif-
fer markedly from the Chappel below and
Marble Falls limestone strata above. The
Goniatites limestone which marks the top
of the Barnett formation is characterized
by its texture and fossil content. Under
the microscope it is seen to be made up
of fossils and oolite grains set in a matrix
of grayish and chocolate-colored crystal-
line limestone. The oolite grains are light
gray, almost white, distinetly lighter col-
ored than the matrix. They are generally
spherical in shape although many are
elongate, being twice or even four times
as long as wide. The spherical oolites
range from 0.1 to 0.3 mm. in diameter and
have tiny dark centers about one-fifth the
diameter of the sphere. The elongate
oolites range from 0.05 to 0.1 mm. in
width and from 0.2 to 0.4 mm. in length

and have a narrow dark rod in their cen-
ter, about the size of a tiny spine or
spicule, surrounded by several concentric
layers which in most specimens have
smooth outer surfaces. One elongate oolite
appears to have formed around a tiny
spine.

Another oolite is curved and appears to
have formed around a curved or broken
spine. Most oolites are separated from
each other by distances greater than their
diameters, so that an area 1.4 mm. square
contains not more than 25 oolites. The
limestone fossils are largely small am-
monoids mixed with a few large ammo-
noids, tiny pelecypods, and brachiopods.
Samples from widely separated localities
resemble each other so closely, that even
with extended microscopic examination
is difficult or impossible to distinguish one
sample from another, but easy to distin-
guish any sample from hand specimens
collected from the oolitic layers in the
overlying Marble Falls limestone. The
oolitic layers in the Marble Falls have
much greater concentration of oolite
grains, less limestone matrix, the grains
are more nearly spherical and ave asso-
ciated with crinoid fragments and contain
no ammonites. )

The shale layers in the Barnett are
generally more brown in color, less gray
or black, and contain more plant mate-
rial, spores, iraces of plant leaves, and
other small fragments, than does the
Marble Falls shale. Generally, also, the
Barnett shale contains more silt and fewer
sponge spicules. The silt is calcareous,
exceedingly fine, and the large number
of laminations per inch exhibited in the
shale and polished sections of the silistone
concretions indicate that the Barnett ac-
cumulated very slowly.

The Neoglyphioceras limestone band
contains no oolite but is made up of a
mass of thin, {lat, rather large shell frag-
ments firmly cemented in a matrix of
exceedingly fine calcareous silt and lime-
stone. In many places the flat, thin shell
fragments arc derived from lirate, thin-
shelled ammonoids, so that the rock can
be easily distinguished by the fragments
of shells marked with paralle]l ridges. The
larger shell fragments bear ridges 0.3 mm,
wide. The ridges arve of uniform size and
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are uniformly spaced about 1 mm. apart.
The small shells show ridges about a third
this size and are spaced about 0.3 mm.
apart. ln other samples very thin-shelled,
impoverished pelecypods may be present,
but on the whole the aspect of the rock
and fauna indicates water less rich in
calcium carbonate and shell-building ma-
terial than the oolitic layer described
above.

Distinguishing features.— The note-
worthy features of the Barnett nol already
described are its petroliferous content and
large spheroidal concretions. The Bar-
nett formation has long been known for
its petroliferous character. This character-
istic has bheen described by Udden, Baker,
and Bose (1919, p. 42), R. C. Moore
(1919, p. 218), Udden (1919-B, p. 92),
and Plummer and Moore (1922, p. 25). In
fact, because of its “oil showings,” both
on the outcrop and in well sections, il has
been regarded as a good example of an
oil source bed or even as a possible com-
mercial oil shale. Through the codpera-
tion of the Work Projects Administration
a project was set up in San Saba County
under the supervision of Mr. J. K. Petty
(MS., 1939) to sample the shale through.
out its outcrop. Pits were dug at favorable
localities located 5 to 10 miles apart and
fresh samples of the shale obtained at in-
tervals 1 foot apart vertically wherever
possible. The outerop of the shale and
Tocations of the test pils are presented in
the map, Plate 22, and detailed sections
of the shale are shown on Plate 6. The
samples of the shale were tested for their
oil content by Bruce F. Grant in the lab-
oratories of the Petroleum Engineering
Department of The University of Texas.
Altogether about 80 tests were run. The
results of the tests are shown graphically
in Plate 22. The petroleum content of the
shale varies from 6 to 40 gallons per ton.
A variation in petroleum content occrnrs
both vertically in the section and laterally
along the outcrop. In general, the upper
layers, which contained the most carbon-
iferous matter, yield more oil than the
lower layers, which contain the most silt.
Along the outcrop the richest yields of oil
have been found in the eastern and east-
central part of San Saba County and the
leanest on the western side. It was found

that the variation in the petroleum con-
tent i3 due largely to weathering and oxi-
dation rvather than to geographic position.
The yellow, long-exposed, highly oxidized
samples contained very litile oil.

The spheroidal concretions (Pl 7A) in
the lower Barnett are of counsiderable in-
terest and vary considerably in size. In
the roadside oulcrop ahout 5 miles south
of San Saba, they average about 4%
inches long and 21% inches thick. In the
well-known outcrop along the road wind-
ing around the hill to the old lime kiln
314 miles southeast of San Saba, they
atlain lengths up to 21 inches long and
12 inches thick. The concretions are
brownish gray, symmetrical in shape,
rather rough surfaced, and very thinly
laminated, having about 11 laminations
per centimeter. The laminations are bhori-
zontal, nearly parallel, and slightly wavy,
and they resemble generally the lamina-
tions of the shale in which they lie. Rarely
they are [ossiliferous. One contains a
large Pscudothoceras and others, the same
fauna found in the associated shale (Pl
8). It is concluded that these concre-
lions are not algal in origin but are due,
like most concretions, to local cementation
by calcium carbonate around a central
point of local electrical polential set up
in the saline colloidal mud ai the time
the Barnett mud was first deposited. Sev-
eral of the concretions werec sectioned.
Most of them ave dense, suberystalline,
and, as far as could be determined, do not
have a central kernel or fragment of clay
or other foreign substance which would
tend to produce a point of clecirical po-
tential, such as would be expected to ex-
plain cementation according 1o the elec-
trolytic theory. One concretion, however,
apparently formed around a large Psen-
dorthoceras.

The Barneit formation can be readily
distinguished from the Chappel formation
below and the Marble Falls limestione
above by the [ollowing characteristics:

1. Fauna.—No {ossils in other {ormations
resemhle even remotely the nearly spherical
Goniatites choctawensis Shumard, with its prom-
inent transverse furrows and sharply angulated
suture line; the strongly lirated, flattened thin-
shelled Neoglyphioceras; or the tiny, triangular,
winged pelecypod shells of Cancyello.  Some
typical species of the Barnett fauna are shown
on Plate 8.
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2. Petroliferous content.—The calcareous lay-
ers and concretions when broken with a hammer
have a strong odor of oil. In many places fossil
cavities in the upper limestone layer contain
free oil. One large goniatite when broken open
contained a teaspoonful of light-yellow petrolenm.
Some of the beds in the Marble Falls are
petroliferous, but the odor of oil is never so
strong nor so persistent as in the Barnett.

3. Concretions.—The large spheroidal concre-
tions 6 inches to 3 feet in diameter and a few
inches to a foot thick are characteristic of the
lower portion of the Barnett.

4. Oolites.—The oolitic matrix spread between
many small and large fossils is a distinguishing
characteristic of the upper Barnett.

Paleontology.—The fauna of the Bar-
nett has not yet been siudied thoroughly.
Girty, Roundy, Heald, Moore, and the
author have made extensive collections
along the outcrop of the shale and lime-
stone. Plummer and Moore (1922) illus-
trated some of the significant fossils.
Roundy (Roundy, Girty, and Goldman,
1926) described some of the ostracodes
and conodonts from a locality 314 miles
southeast ol San Saba, and Hyatt (1891.
1893), J. P. Smith (1903), and Plummer
and Scolt (1937) have described the am-
monoids. Girty (1909, 1911, 1915} in his
papers on the Caney shale, Balesville sand-
stone, and Moorefield shale of Arkansas,
has also described many species that oc-
cur in the Barnell strata so that the
asscmblage of fossils is now well known.
Two distinct [aunas are represented in the
section as {ollows:

1. Fauna of the Neoglyphioceras
zone.—This fauna occurs in the shale,
calcareous siltslone. and limestone layers
below the upper Goniatites ledge, and in
most places below the middle of the for-
mation, rarely in some of the lower con-
wretions and in the shale itself. The
following fossils have been identified from
the shale and thin siltstones of this lower
zone:

Fossils from the Neoglyphioceiras zone of the
Barnett formation
Brachiopoda—-

Maitinia glabra? (Martin)

Lingula batesvillae Girty

Orbiculoidea batesvillensis Weller

Camarotoechia agrestis Girty

Moorefieldella eurekensis (Walcott)

Pelecypoda—
Nuculana vaseyana (McChesney)
Caneyella wapanuckensis? Girty
Posidonomya, n. sp.
Posidonomya vaughani (Girty)
Deltopecten batesvillensis (Weller)
Gastropoda—
Bembexia nodimarginata (McChesney)
Plagioglypta annulestriata (Meek and Wor-
then)
Ammonoidea-—
Neoglyphioceras caneyanum (Girty)
Neoglyphioceras newsomi (Smith)
Lyrogoniatites entogonus (Gabh)
Nautiloidea—
Actinoceras vaughanianum Girty
Ostracoda—
Sansabella sulcata Roundy
Kirkbya lindahli? Ulrich
Kirkbya lindahli var. arkansana Girty
Amphissites chappelensis Roundy

2. Fauna of the upper limestone o1
Goniatites choctawensis zone.— This fauna
occurs in a black, in most places oolitic,
and very fossiliferous limestone at the
top of the Barnett formation, and consti-
tutes a very interesling ammonoid as-
semblage, which has an important bearing
on the correlation of the Barnett, since
similar forms occur in Oklahoma, Arkan-
sas, England, and Germany. Spherical,
involute ammonoids are by far the most
common fossils. The following species
have been identified from this upper zone:

Fossils from the Goniatites zone of the Barnett
formation

Brachiopoda—
Leiorhynchus carboniferum Girty
Chonetes choteauensis Mather
Pelecypoda—
Caneyella wapanuckensis? Girty
Ammonoidea-—
Goniatites choctawensis Shumard
Nuculoceras barnettense Plummer and Scott
Nuculoceras incisum (Hyatt)
Cravenoceras richardsonianum (Girty)
Eumorphoceras bisulcatum Girty

In addition to these two common as-
semblages which may be collected at most
localities along the outcrop, there are a
few areas where a limestone facies replaces
the shale beds. These areas yield a some-
what more diversified fauna than found in
the shale and thin calcareous bands enu-
merated above. A larger number of
brachiopods occur, fewer ammonoids, and
thin zones made up of deltopectens, or
leiorhynchids, or even trilobites, forms
which may he ahsent or quite rare in the
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shale. The best known of these limestone Pelecypoda—

facies is a locality 1,600 feet west of ggltop%c_ten hatessél}cnsis (Welleu)
Honey Creek and about 714 miles south- Deﬁlgsec};slissgp"my
west of Mason in Mason Counly. Here Nuculana nasuta? (Hall)
the following fossils have been identified, Nuculana vaseyana (McChesney)
although doubtless many more occur. Cephalopoda—

Goniatites choctawensis Shumard
Fossils from limestone members of Barnett for- Cravenoceras richardsonianum (Girty)

mation, west side of Honey Creek valley, Orthoceras sp.

Mason County . .
Another limestone facies fauna occurs

Rrachiopoda-- in a few places in cavities or small depres-
Composita sp. sions in the Ellenburger dolomite imme-
Dictyoclostus inflatus (Mcc'hef’“ey)) diately back of the Chappel and Barneit
Productus elegans (Norwood and Pratten) The best of th localities is
Leiorhynchus carboniferum Girty outcrops. e best ol these localities Js

Camarotoechia laxa Girty near the junction of the ranch roads on
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the Gray ranch, McCulloch County. An-
other locality is in the valley of Honey
Creek about 8 miles southwest of Mason

Fossils from Barnett formation at Pillar Bluff
and Gray ranch

. Sl Crinoidea—

in Mason County, where the facies is ap- Crinoid stems
parently at or near the top of the Barnett g o,00

and consists of a coquina of Leiorhynchus  Brachiopoda—

and Composita shells in a matrix of
grayish-brown limestone and has been re-
ferred to as the Leiorhynchus zone. The
leiorhynchids in places occur in great
numbers and can be broken out fairly
easily to yield a large variety of fairly
good specimens. Along with the leiorhyn-
.chids the following fossils have been iden-
tified from the Gray ranch (153-T-63)
and Pillar Bluff Creek (27-T-23) lo-
calities:

Camarotoechia agrestis Girty
Striatifera pileiformis (McChesney)
Leiorhynchus carboniferum Girty
Leiorhynchus polypleurum Girty
Composita aff. humilis (Girty)
Composita sulcata Weller

Spirifer arkansanus Girty

Spirifer leidyi Norwood and Pratten
Productus cestriensis Worthen
Productus parvus Meck and Worthen
Dielasma shumardanum (Miller)
Moorefieldella eurckensis (Walcott)
Martinia glabra? (Martin)

Lingulidiscina newberryi var. caneyana Girty

Lingulidiscina batesvillensis (Weller)
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Fig. 12. Columnar sections and corvelations of the Texas and Aikansas formations that are

Chester equivalents.
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Gastropoda—

Platyceras sp.?
Cephalopoda—

Orthoceras
Trilobita—

Paladin mucronatus (Girty)

The most characteristic and common
fossils from the Barnett are illustrated in
Plate 8. The fauna by localities is pre-
sented in chart 2 (p. 41).

Correlation—The {auna of the Barnett
shale is essentially the same as that found
in the Moorefield shale of Arkansas and
the Caney shale of Oklahoma described
by Girty (1909, 1911). Tt has several
species found in the White Pine shale of
Nevada described by Walcott (1884),
and in the Chester series of Illinois, de-
scribed by McChesney (1859), Weller
(1914), and others, and many forms com-
mon to the Paradise formation of Arizona
described by Hernon (1935). There can
be no doubt that the Barnett fauna, occur-
ring as it does in a comparatively thin
section of rocks hardly exceeding 40 feet
in thickness, represents the time equiva-
lent of the fauna in a much thicker series
of rocks in Oklahoma, Arkansas, Illinois,
and Arizona. A tentative correlation of
the Texas and Arkansas sections is shown
in figure 12. A tabnlation of the fossils
described from these sections and others
is given in the accompanying table (p. 44).

Thirty-one species identified {rom the
Barnett in Texas, out of a total of 65
species, or 48 percent, occur in the Moore-
field shale of Arkansas. Twelve species,
or 18 percent, are known in the Caney
shale of Oklahoma; 11 species, or 17 per-
cent, in the Batesville sandstone of Ar-
kansas; and 23 specles, or 35 percent, in
the Fayetteville shale of Arkansas. The
faunas of the Chester group of Illinois,
Helms formation of west Texas, and White
Pine formation of Nevada are still in-
completely known. However. 10 of the
65 species, or 15 percent, from the Bar-
nett occur in a list of species compiled
by Weller (1914) and McChesney (1859)
from the Chester. The farna of the Helms
formation of Trans-Pecos Texas has not
been described. In the collections of the
Bureau of Economic Geology the follow-
ing species have been identified provi-
sionally:

Fauna of the Helms formation of west Texas
Brachiopoda—
Dictyoclostus inflatus (McChesney)
Productus parvus Meek and Worthen
Striatifera sp.
Pustula pusilla (Girty)
Echinochonchus hiseviatus (Hall)
Productus elegans Norwood and Pratten
Hustedia sp.
Leiorhynchus carboniferum Girty
Martinia sp.
Chonetes choctawensis Girty
Camarotoechia laxa Girty
Orthotetes kaskaskiensis (McChesney)
Tinoproductus ovatus (Hall)
Composita sp.
Eumetria acuticosta Weller
Productella sp.
Dielasma shumardanum (Miller)
Spirifer leidyi Norwood and Pratten
Punctospirifer transversa (McChesney)
Pelecypoda—
Deltopecten batesvillensis (Weller)
Allorisma sinuatum MecChesney
Schizodus circulus Worthen
Caneyella percostata Girty
Trilohita—
Paladin mucronatus (Girty)

Nine out of 65 species, or 14 percent
of the Barnett species, occur in this list
from the Helms. On the other hand, 10
species out of the 25 in the Helms, or
40 percent, occur in the Chester lists from
Iinois.

These comparisons indicate clearly that
the Barnett faunas correlate with the
Moorefield of Arkansas and not with the
Fayetteville or Pitkin. The Barnett faunas
probably also are the time equivalent of
the lower part (Okaw and older beds) of
the Chester of Illinois and Helms of west
Texas. The reason for the larger percent-
age of forms more common to the Moore-
field than 1o the Chester and Helms is
due largely to similarity of facies. The
Mooreficld and Barnett yield essentially a
black-shale fauna; the Helms and much
of the Chester that has yielded the de-
scribed fossils are limestones. A larger
number of productids, orthotetids, spiri-
fers, and compositas, therefore, occur in
the Chester and Helms; wmore pectens,
leiorhynchids, and ammonoids are found
in the Moorefield and Barnett. All four
faunas may represent more or less equiva-
lent time space in the Upper Mississippian
period. Clearly they all belong in the
Chester series. A complete list of the Bar-
netl fauna in the collections of the Bureau
of Economic Geology is given in chart 2.
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Fossils from the upper Chester formations of Texas, Oklehoma, Airkansas, and Illinois

Moore- Bates- Fayette-
Barnett Fauna Helms field» ville® ville¢ Caney! Chester®

Brachipoda
Lingula batesvillae Girty . . x hS
Lingulidiscina batesvillensis (Weller) . - X X
Orthotetes kaskaskiensis (McChesney) A X - X
Chonetes choctawensis Girty . . X - x
Dictyoclostus inflatus (McChesney) X x x X - %
Linoproductus ovatus (Hall) . B X X X X X X
Productus parvus Meek and Woithen x B X
Pustula pusillus (Girty) ... o x X 7
Productus cestriensis Worthen e x X X X - X
Camarotoechia agrestis Girty e e . . . --
( amarovoechia laxa Girty . .. . . _ X \ - - -
Leiorhynchus carbonifernm Girty . bN X X . -
I.eiorhynchus polypleurum Girty .. . ___. B X - -
Leiorhynchus greenianum (Ulrich) . . . . - -
Wellerella osagensis (Swallow) ... _ . .
Camarophoria explanata (McChesney) . . X
Moorefieldella eurekensis (Walcott) . . _ X b3 -
Harttina marginalis Girty ... X . - ,
Girtyella cedarensis Weller o -
Spirifer arkansanus Girty L X X
Spirifer inerehescens Hall N X X X - X
Spirifer moorefieldanus Girty .. .. X . : -
Martinia contracta (Meek and Worthen) .. _ X
Martinia glabra? (Martin) X . -
Fumetria marcyi (Shumard) I X X . .
Composita sulcata Weller o X
Composita subquadrata (Hall) .. . B X . X
Composita pusilla (Girty) .. X B -
Composita aff, humilis (Girty) . .. B . . .

Pelecypoda
Deltopecten batesvillensis (Weller) \ \ x X B
Deltopecten? caneyanus Girty o X
Edmondia crassa Girty e X X
Nucula rectangula McChesney x \ X . .
Nuculana nasuta (ITall) R » X
Nuculana vaseyana (McChesney) - X X
Caneyella vaughani Girty — _ _ ) , X B X \
Caneyella wapanuckensis? Girty . . . \ \ N
Canevella, n. sp. e e B -

Gastropoda
Bembexia nodomarginatn (MceChesney) X X

Cephalopoda
Orthoceras all. crebriliratum Girty x
Actinoceras vaughanianum Girty B \
Neoglyphioceras caneyanum (Girty) it X X \
Goniatites choctawensis Shumard x % b X
Cirtyoceras meslerianum (Girty) BN \ < 5
Nuenloceras barnettense Plummer and

Scott. N o .

Nuculoreras incisum (ITyatt) I -
Cravenoceras 1ichardsoninum  (Girty) R Iy X A ,
I yrogoniatites entogonns {Gabh) .
Neoglyphioceras newsomi {Smith) - . B
[lumorphoceras hisuleatum Girty X B X

Trilobita
Paladin mucronatus (Girty) B X X X

(stracoda
Kirkbya lindahli? Ulrich B - X
Kirkbya arkancana Girty o , b'e

Cansabella sulrata Roundy
Amphissites chappelensis Roundy
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Conodonta
Prioniodus healdi Roundy
Prioniodus peracutus Hinde
Gnathodus texanus Roundy
Gnathodus hicuspidns Roundy -
Polygnathus bilineatus Roundy
Polygnathus taffi Roundy
Polygnathus texanus Roundy
Polygnathus? claviger Roundy
Lonchodus simplex (Pander)
Lonchodus? lineatus (Pander)

Ganty, 19115 PGirty, 1913; ¢ Croneis, 1930; “Gurty, 1909;

Fossil Localities

The more important fossil localities
from which the Barnett fauna has been
collected ave listed below:

27-T—-4 (HH-38, Pl. 1).-Burnet County,
1 mile due south of Marhle Falls on east side of
Burnet-Johnson City highway. It is reached by
driving south on the Johnson City highway a
distance of exactly 1 mile from the bridge over
Colorado River and stopping at a gate on the
east side of the road near the top of the hill.
The locality is in the ditch on the east side of
the main road which is noith of the pasture gate,

27-T-13 (11-38, Pl 1).—~Burnet County, 4
miles southeast of Marble Falls and 0.75 of a
mile northwest of Doublehorn School on the
Marhle Falls-Spicewood road. It is reached by
taking the Marble Falls-Spicewood road and
driving to the first bridge across Doublehorn
Creek. The locality is on the steep slope at the
top just above the Ellenburger, 400 feet west of
the bridge and 1,000 feet west of Slit Rock
Spring.

27-T-23 (11-20, Pl. 1}).—Burnet County, on
Pillar Blufl Creek 4.5 miles southwest of Lam-
pasas. It is reached by taking the Lampasas-
Burnet road north 1 mile and turning west on
the old Llano road which branches off from the
Burnet road just north of the Hancock Park,
then traveling 3.75 miles to a gate and pasture
road leading to Pillar Bluff Creek. The ecreek
is ahout %5 of a mile south of the gate. The
locality is along the east side of a black shale
slope about halfway between the gate and the
creek.

141-T-1 (11-20, 1. 1).—Lampasas County.
4 miles southwest of Lampasas. It is reached by
taking the Lampasas-Nix road and turning due
south along a country road 3 miles west of Lam
pasas, then taking the south fork 1.25 miles
southwest and continuing southwest a distance of
0.9 of a mile to a ranch house and windmill,
then turning south again and traveling over a
dim road a distance of 0.75 of a mile to Espey
Creek, and then walking down Espey Creek to
the outcrop of the Barnett. The locality is in a
steep bank of black shale on the north side of
the creek.

153-T—-49 (J-18, PL. 1) .—McCulloch County,
4.5 miles southeast of Brady, 0.5 of a mile south

Llano Region of Central Texas 45
Moore- Bates- Fayette-
fielda ville? ville® Caney? Chester?
“Weller 191%; and McChesney, 1859

of Brady Creek on Session vanch. It is 1eached
by taking the Brady-Voca road to a pasture gate
on the north side of the road 4.5 miles southwest
of Brady at a point where the road turns sharply
due south, then walking northeast .25 of a mile
to a branch of Brady Creek and down the branch
ahout 0.25 of a mile to the outcrop of Chappel
rocks. The locality is in soft yellow shale just
ahove the Chappel outcrop and 200 to 300 {feet
neater Brady Creck.

153-T-50 (K-15, Pl. 1).~McCulloech
County, 2 miles east and % of a mile north of
Sweden School. It is reached by taking the old
road to Rochelle which follows the Santa Fe
railroad a distance of 6 miles, turning sharply
south to Sweden School and then going cast 1.5
miles, then turning north and going 0.5 of a mile
to an iron bridge over Onion Creek and walking
1,000 feet down the creek toward the southeast.
The locality is on the east side of the creek.

153-T-63 (G-22, PL 1).—McCulloch
County, about 10 miles south-southwest of Brady,
3.75 miles south and 1 mile west of Davis School.
It is reached by taking the road from Davis
School to Gray ranch and driving southwest from
the ranch house along the ranch road leading to
Camp Creek, a distance of 2.25 miles. The lo-
cality is on the hillside on the west side of the
sink near a sharp curve in Calf Creek.

153—~T-83 (I-19, PL. 1) —McCulloch County,
4 miles southeast of Brady and 1 mile east of
Brady-Mason highway. It is rcached by driving
down the Brady-Mason highway 4.75 miles south
of the courthouse and turning off on the ranch
10ad leading to L. Brooks ranch, 1.25 miles east
of the highway, then walking north along the
{ence line west of the ranch house a distance of
1,300 feet to an east-west fence, then walking
east along the east fence line 1,000 fect and noith
300 feet. The locality is in a thin oolitic lime-
stone outcropping along a gentle northwest slope.

159-T-3 (1-33, Pl 1).—Mason County, 8
miles southwest of Mason courthouse, west of
Honey Creek. It is reached by taking the Mason-
White’s Crossing road to Honey Creek, walking
up Honey Creek about 800 feet, and then due
southwest 1,600 feet along the Ellenburger-
Barnett contact, crossing a wire fence. The lo-
cality consists of alternating shales and limestones
in a steep, prominent slope. This is one of the
best fos<il localities in the Barnett.
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159-T-13 (G-34, Pl. 1).—Mason County,
on White’s ranch, 5 miles west of White’s Cross-
ing and 0.75 of a mile south of Llano River.
It is reached by taking the White’s Crossing
road and turning north on a secondary road 4.9
miles west of White’s Crossing and driving north
to the ranch house. The locality is just above
the Chappel limestone in brown shale and dark
limestones.

159-T—-45 (E-32, PL 1).—Mason County,
on north line of the L. B. Eckert ranch, 1 mile
east of Mason-Kimble County line and 3 miles
south and a little east of Erna. It is reached by
taking the Mason-London road through Streeter
and turning south at the small village of Erna,
located near the Menard-Mason County line, and
riding south along the secondary road for 3.75
miles to a windmill and water tank, then turning
cast on the road 1o L. B. Eckert ranch, a distance
of 1 mile, and walking north up a small branch
leading to Leon Creek. The locality is an in-
conspicuous shale exposure along the branch near
the contact of the Barnett and the Marble Falls.

205-T~-10 (X-186, Pl 1).-—San Saba County,
2 miles southeast of San Saba courthouse. Tt is
reached by taking the San Saba-Chappel road
and traveling a distance of 2.75 miles from the
courthouse to a point where the road makes a
sharp curve in ascending a steep escarpment.
The fossils occur in two horizons in the shale
which outcrops around the curve. The upper
horizon is in a black, thin limestone near the
old lime kiln at the top of the hill. The lower
zone is in thin bands of limestone about 2 inches
thick in the bottom of the ditch at the sharp
curve and at the contact of the Chappel and
Barneti in the old road just east of the present
highway.

205-T-38 (W-17, Pl. 1) —San Saba County,
5.6 miles south of San Saba on the east side of
the San Saba-Llano highway. It is reached by
taking the Llano highway and traveling 5.6 miles
south to a large shale pit on the cast side of the
road. The locality is in the limestone at the top
of the pit and in concretions in the pit.

205-T-54 (Z-19, Pl. 1).—San Saba County,
1.5 miles west of Chappel and %4 of a mile south
of Harrell's Cavern, It is reached hy taking the
San Saba-Chappel road for a distance of 14
miles to a point where the road turns abrupily
eastward. Turn southwest through a gate and
travel 0.25 of a mile along the pasture road to
a point where the road turns north to a ranch
house. The locality is in a west-facing escarp-
ment about %% of a mile from the house.

205-T-58 (T-17, PL 1).—San Saba County,
9 miles southwest of San Saba, 1.5 miles west of
San Saba-Wallace Creek road. It is reached by
taking the San Saba-Wallace Creek road to Peh-
bly Point School, following west over a secondary
ranch road, and going northwest a distance of
1.5 miles. The locality is in the shale on the west
side of a prominent hill capped by Marhle Falls
limestone,

205~-T-70 (Y-15, Pl 1).—San Saba County,
5 miles east of San Saba courthouse and 0.25
of a mile north of the San Saba-Bend road. It
is reached by taking the San Saba-Lometa road
and traveling a distance of 3% miles to a road
intersection, turning southeast on the road to
Bend and following 1.25 miles, stopping at a
point about 0.25 of a mile east of a sharp east
bend in the road, then walking due north 1,300
feet along a north-flowing branch. The locality
is in the shale and thin layers of limestone along
the banks of the creek. This is the type locality
of the Barnett northeast of Barnett Springs.

205~-T-74 (R-17, PL 1).—San Saba County,
3.75 milcs southwest of Sloan School and 1.5
miles south of San Saba River. It is reached by
taking the San Saha-Brady road a distance of
4.5 miles to Harkeyville, then turning southeast
on the Iarkeyville-Maxwell Crossing road through
Sloan community to Maxwell Crossing on San
Saha River. The locality is about 1.75 miles due
south of Maxwell Crossing on Turkey Roost
Creek. It is possible to drive to the locality by
taking the Sloan ranch road which turns off from
the Maxwell Crossing road 0.25 of a mile east of
Maxwell Crossing, going south by King Spring
to Turkey Roost Creek a distance of 2 miles,
and then walking down the creek to the west
end of the Barnett shale outcrop. The fossils
are in a limestone at the top of the shale exposure.

205—-T-85 (R-13, Pl, 1).—San Saba County,
1.75 miles south and 0.75 of a mile east of Rich-
land Springs. It is reached by taking the south
road from Richland Springs which runs west of
the Richland Springs cemetery, and traveling 1.5
miles to a sharp bend in the road. Then take
the K. Taylor ranch road through a gate, travel
to the ranch house, a distance of almost 1 mile,
and then walk southwest up a small creek, a
distance of about 0.25 of a mile. The locality is
in the shale slope on the north side of the creek.

PENNSYLVANIAN SYSTEM
MARBLE FALLS GROUP

Historical account—The strala now
designated Marble Falls were first re-
corded by Ferdinand Roemer (1847) who
described the strata as “beds of bhlack,
hard limestone containing large elliptical
masses of black chert which can be defi-
nitely designated Carboniferous limestone
because of the numerous organic remains.”
He collected fossils from the beds at a
locality in a small branch of San Saba
River near an Indian camp, probably
King Branch on the Sloan ranch about 9
miles southwest of San Saba. Later in his
pioneer work on Texas paleontology
{1852), he described four species of these
Carboniferous fossils, as follows:
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ROEMER’S NAME PRESENT DESIGNATION

Orthis arachnoidea Derbyia crassa Meek and

Phillips Hayden
Terebratula pugnus Wellerclla osagensis
Sowerby (Swallow)
Productus cora Dictyoclostus morrow-
d’Orbigny ensis (Mather)
Productus flemingii Marginifera roemeri
Sowerby Girty

Thus, he established definitely his dis-
covery and had the honor of describing
the first fossils from the Marble Falls
beds.

The Carboniferous strata of Rocmer
were first named by Hill (1889, p. 289;
1901, pp. 94, 97) who called them “en-
crinital” or Marble TFalls for the well-
known exposures at Marble Falls on Colo-
rado River. The second name, Bend Divi-
sion, used to designate all the black shales
and limestones on Colorado River at Bend,
is usually ascribed to Cummins (sec Hill,
1901, p. 94). Nevertheless, the name
was first published by Dumble (1890,
p- Ixv). Paige (1911, pp. 55-56) re-
stricted the Marble Falls formation to
include the section of limestone exposed
at Marble Falls on Colorado River at the
type locality and designated the black
shales in the upper part of the division,
Smithwick. Udden, Baker, and Bodse
(1916} followed Paige’s classification ex-
cept that they included in the Marble Falls
and Bend groups a lower brown shale
found in San Saba County and in well
logs between the typical Marble Falls
limestone of Paige and the Ellenburger
formation. No other changes were made
in the definition of the Marble Falls until
1921 when Plummer and Moore (1922,
p. 33), in an account of the Pennsylvanian
formations of north-central Texas, re-
stricted the formation so that it would
not include the lower brown shale hed,

Llano Region of Central Texas 47

a bed 30 to 40 feet in thickness, carrying
an entirely different fauna and found by
Girty (1919) to be Upper Mississippian
in age. Since the lower shale bed is so
poorly exposed at Marble Falls that it
was not seen by Hill or Paige or noted
in Paige’s description (1911, p. 56) of
the type section, the description of Plum-
mer and Moore is essentially the same as
that of Hill and of Paige. This nomen-
clature was adopted by Sellards (1933,
p. 100) and is well established through
35 years of usage.

Cheney (1940) on the basis of sub-
surface studies of well sections and litho-
logic correlation, substituted the term
Lampasas {or Bend and divided the
Marble Falls formation of former authors
into two divisions on the basis of an un-
conformity marked by a conglomerate in
the middle of the [ormation and because
of supposed differences in the faunas
above and below the unconformity. The
upper and largest portion he named Big
Saline group and the lower, smallest por-
tion, Marble Falls group. The latler name
is a rather unfortunale choice because
when one changes so drastically the defi-
nition of a formation, the name should
be changed also in order to avoid con-
fusion. It seems beiter, therefore, in this
present paper to adhere to the long-
accepted usage of Paige, Udden, and Sel-
lards and to retain the name Marble Falls
with the rank of a group rather than to
change the meaning of a term so well estab-
lished by usage. The accepted terminology
is listed in the accompanying table.*

[*Editoz’s note, The author published this classification
with slight change in wording in the following papers:
Lower Peunsylvanian strata of the Llane 1resion—summaty
of classification: Jour. Paleontology, vol. 21, pp. 142-146,
March 1947; and Summary of classification of t:e Pennsyl-
vaman foimations of Texas, with special reference te the
Lower Pennsylvanian of the Llino region: Jour, Geol., vol.
LV, pp. 193-201, May 1947.1

Classtfication of Lower Pennsylvanien formations

sERiEs croUP FORMATION MEAVERN RIDGE M EAVERN RIDGE
Siltstone facies
Smithwick Shale facies
Bend o | Brister Bluff Soldiers Hole
(tyfiigﬂzn) Marble Falls | Big Saline Lemons Bluff Iemons Bluff
‘ T Aglor Blufl Brook
( Gibbons conglomerate | Gibbons conglomerate
Morrow Sloan Undivided
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Extent and thickness—The Marble
Falls group of limestones is one of the
most interesting of the series of Carbo-
niferous deposits in Texas because it is
the most variable in lithology and paleon-
tology, and the most complicated sirati-
graphically and structurally, the thickest,
and the least well known. It is also the
group of beds which contains most of the
deep oil in north-ceniral Texas oil fields
and furnishes water {or the ranches in the
San Saba River valley. It consists gen-
erally of dark gray and black, siliceous,
fossiliferous limestones and black shales.
The outcrop of the Marble Falls group is
shown on the map, Plale 1. The beds
occur in isolated patches on the cast side
of the region in the valley of Pedernales
River, in Cypress Creek, in the Colorado
River valley near Marble TFalls, along
Sulphur Creek near Lampasas, and on
the west side of the region in the valley
of Llano River and in Brady Creck valley.
An extensive belt crosses the northern por-
tion of the area extending from the vicinity
of Nix in western Lampasas County to a
point 4 miles south of Brady in McCul-
loch County.

The thickness of the Marble Falls varies
markedly in diffcrent locations along the
oulcrop and in its several isolated expo-
sures due to overlap of upper beds on to
older Paleozoic rocks with resulting in-
complete sections, erosion of upper beds,
nondeposition of middle beds, and lenticu-
lar thickening of certain layers in certain
veef facies. The thickness of measured
sections, therefore, varies from 33 feet
to more than 400 feet, as shown in the
accompanying table. In general the Marble
Falls section is thickest in synclinal areas
and thinnest over structural ridges and
arches. Generally, it is more umiformly
thick in subsurface sections north of the
Llano area than on the outcrop along its
contact with the Mississippian strata and
thinner in the western part of the region
in McCulloch and Mason counties than
in the eastern part in Lampasas and Bur
net counties. The thickening is exhibited
most by the more massive, crinoidal lay-
ers and least by thin-bedded siliceous
layers, as indicaled by a comparison of
the plotted sections shown in Plate 9. The

following table shows thicknesses at points
where sections have been measured:

Measured thicknesses of the Marble Falls
group

Feet Inches

Blanco County—
Pedernales River and Battle Cicek
near Pedernales Falls 404
Burnet County—
Colorado River near Marble Falls

(type locality) o 341 K
Kimble County—
Mouth of Big Saline Creek 224 5
Ilano County—
South ¥Foik Honey Creek 366 [§

T.ampasas County—-
Duncan ranch, northwest of Na-

runa - I 123 —
Along Fspey and Donalson creeks
west of Lampasas 240 2

MeCulloch County—
South end Long Valley, Campbell
ranch (incomplete) - 198
Onion Creek, 7 miles east of Brady 99 6
Shropshire Lake, southeast of Brady
(153-T-85) . 33 6
San Saba County—
Cottonwood Creek, east side Chero-
kee Creek valley, couth of Bend 236
Ben Lively ranch, Cherokee Creek

valley . . . .. o281
Artesian well section, near Bend 415
Rough Creek crossing, Bend-San

Saha road . . . 149 6
Highway south of San Saba 148
Ernest Connor ranch, east side

Wallace Creek valley . . . 220
Turkey Roost Creek, Sloan ranch . 192
Lemons Camp o121

Fast side Long Val]e_y, Sorrel ranch 345

Lithology and sections——The Marble
Falls group is made up esseutially of dark-
gray and black, siliceous, fossiliferous
limestone ledges, generally thin bedded,
containing some layers of black shale and
grading eastward into a shale facies, al-
though the facies change takes place with
the exception of the upper beds east of
the area of outcrop. This change in facies
of the upper beds has caused much con-
fusion among geologists because, when in
the shale facies, the beds are persistently
mistaken both on the outcrop and in well
sections for the Smithwick shale. The
lithology of the Marble Falls formation
can be hest shown by the graphic sections
(Pl. 9) and by the following described

sections:
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Section of Marble Falls limestone measured along Battle Branch from Chappel outcrop to Pedernales
River below Pedernales Falls, Fuchs ranch, Blanco County (Coord. HH45, Pl 1).

THICKNESS
Feet Inches
Cretaceous—
Travis Peak formation—
24. Conglomerate, large, well-rounded cobbles in a matrix of coarse, red sand
partially cemented with calcium carbonate
Pennsylvanian—
"Marble Falls group—
23. Limestone, dark gray, massively bedded; layers 1 to 3 feet thick with prom-

inent partings, mostly covered with talus ... 21 6
29. Limestone, dark gray, massively bedded, nonfossiliferous; thin chert layers
on its upper surface . e 6 6

21. Limestone, thin bedded, black, shaly, beds % to 3 mches thick. In some

horizons the rock resembles a tough, black shale more than a limestone,

The thicker limesrone slu])s have a tendency to break into long, rectangular

blocks having “fence-post” shapes, resembling some of the layers at the

top of the section in the Cherokee Valley .. . ... - 20 0
20. Limestone, light gray, massive, crystalline, medmm gramed weathers to a

rough, ctched, and very serrate surface like the massive beds below. Iis

upper surface forms the trail leading from Fuchs camp grounds to the

swimming hole below the falls . 18 6
19. Upper chert bed, limestone, black, or very dmk gray, hard and forming a

cliff; made up of more than 50 percent chert in thin Iayers separated by

thin layers of limestone %4 to 2 inches thick; weathers to a very rough,

pitted surface .. . 12
18. Limestone, massive, light gray, almost white, weathering to rough, serrate

surfaces; forming the prominent and picturesque cliffs north of Pcdemales

Falls - ... - . 33
17. Limestone, gray, massive, dolommc, shghtly oohtlc cnntams the interesting
natural tunnel excavated by water action above the falls . . 10
16. Limestone, gray, containing thin layers of chert arranged in beds about 8
inches thick, separated by layers of limestone . ... 6 6

15. Limestone, gray, massive, nonfossiliferous, formmg chﬂ' on east sxde of ﬁrst
valley above the falls
14. Limestone, dark gray, massive, containing chert in thin layers separated by
thin layers of limestone S 5 -
13. Limestone, gray, massive. The beds are 1 to 5 feet thick, stand up as a steep
cliff on the north side of the river, and dip downstream toward the east
at an angle of 11°. . S 1
12. Limestone, light gray, massive, hard, forming steep Cllff fairly evenly bedded
The beds are 2 to 5 [eet thick, form prominent strike ledges across the
river bed, and contain a few large crinoid stems and a zone of medium-
sized corals, Amplexocarinia? corrugaia (Mather), which occurs 35 to
40 feet ahbove the base of bed 18. These constitute the coral zone in the
section e - 34
11. Limestone, light gray, myqtalhne, massively bedded, containing layers or
lentils of dark gray rock and characterized by beds of beautiful oolitic
rock. In fact, the whole layer is more or loss oolitic, dissolving and
weathering more casily than ledges above and below so that the cliff in
| places is undercut at this horizon, and at one point an interesting grotio
has been developed. In places the layer is dolomitic ..~ . 10
10. Limestone, light gray, crystalline, containing numerous crinoid fragments
and somewhat thinner bedded than the layers above. The beds are 6 to
24 inches thick and somewhat oolitic 10
‘ 9. Limestone, dark gray; some layers are dense bhck thin bedded and shaly
Most heds are 1 to 6 inches thick. One series of beds abhout 8 feet below
the top, which is about 4 feet thick, is a good building stone, having beds
! 8 to 14 inches thick with smooth, parallel surfaces. Other horizons are
| made up of thin, sandy, calcareous, and carbonaceous layers containing
\ plant remains. Other layers are interbedded with thin sheets Y4 inch thick
1 of a siliccons chert-like matcrial made up larsely of sponge spicules.
Another bed about 4 feet thick which occurs 14 feet below the top con-
tains sponge or algal nodules and has a mottled surface .. .. e e
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THICKNESS
Feet Inches

8. Limestone, conglomerate, made up of round and subangular nodules of lime-

stone resembling cobbles, crinoid fragments, and Belleiophon shells. The

coarse material is set in a matrix of calearecous sand and large oolite

grains consolidated to form a hard ledge. This noteworthy layer constitutes

the Bellerophon zone e - 8
7. Limestone, daxk gray, almost black, siliceous, carbonaceous, petroliferous,

thin bedded, shaly. The heds are 2 to 6 inches thick and have smooth,

parallel surfaces and poduce excellent flagstones. One thin seam 1%

inches thick on a slab 3 fect above the base, is made up of large numbers

of linoproductids ccmented into a <olid mass and constituting a noteworthy

productid zone, The whole weathers to foim a brick-red, light, siliceous

rock, commonly 1elerred to as “cotlon 1ock” and i1esembling closely the

Lemons Bluff beds of the Lampasas section _ S 8 4
6. Limestone, dark gray, almost black, very petlohfexous thin bedded. The

layers are about % inch thick and grade laterally into more massive

ledges, especially on cliff faces where the bedding planes are ohscuie - 10 6
5. Limestone, dark gray, weathering to a bluec gray, and having rough, serrate

surfaces 12 7
4, Limestone, black, fine grained, thin bedded; breaks and weathers into flag-

stones 3 to 4 inches thick which have smooth surfaces . . . 3 6

3. Limestone, dark gray, crystalline, containing thin chert partings; the chert
constitutes less than 50 percent of the rock. It is resistant enough to pro-
duce a low ridge. It is also fossiliferous; one layer about 14 inches thick
is made up almost entirely of crinoids. Weathers to produce good flag-
SEOMES oo ot il e L i L e e 15 6
2. Limestone, dark glay, “almost black, finely crystalline; we eathers to roughly
etched and wavy surfaces having a blue-gray color. Evenly bedded; the
layers are 12 to 15 inches thick. Fossiliferous, containing a few very large
crinoid stems, a few corals, many echinoid spines, and sponge spicules 40
1. Limestone, black, shaly, very thin hedded. The beds are only a fraction of
an inch thick and weather into thin wedge-shaped chips resembling hard
black shale. It is somewhat petroliferous at its base and resembles a little
the Barnett shale but contains no Barnctt fossils. For the most part it is
unfossiliferous. The upper ledges, however, yield the [ollowing fossils:
large spirifers, a globose productid, Composita, many ostracodes, many
minute spicules and spines, and minute crinoid stems which have a star-
shaped cross section. The layers also contain a small percent of dense,
black chert nodules which weather out on long exposed and little eroded
surfaces to form small, kitchen-midden-like piles of cheit detritus. The
upper layers are somewhat thicker hedded, harder, and weather to black,
slate-like flags which in some places have mottled surlaces. The lower bed
lies unconformably upon crinoidal Chappel limestone . 28

Total thickness measured e e 410 1

Section of Mwrble Fells stiata, measured from Alexander dam site to Marble Falls dam at Marble
Falls along north side of Colorado River (Coord. HH-37, PL. 1; fig. 13).

19, Limestone, dark gray, finely crystalline, uniformly grained; mottled with
comparatively few algal malkings, and forming upper falls at Marble Falls

and top of cliff at mill site . R 20
18. Limestone, black, fine gmmed contams mmh black Ll"elt and fmms [a(,e 0[
prominent cliff at Maible Falls . .. . . 11 3

17. Timestone, black, fine grained, shaly, thin I)edded noduhr heds separated by
wavy partings containing fossils:  Linoproductus, Bellerophon, Cancri-
nelle( ?), and many large corals, Amplexncminm?. Coral zone is about
3 feet above base . e 10
16, Limestone, bluish black, hard, fine “rdmed (measurcd at old wagon road) 2 3
15. Limestone, dark gray and black, finely crystalline, varying from thin bedded
to massively bedded. One massive layer 7 feel thick forms a steep clift
near the top of the bed. The upper surflace ol this bhed is rough and
nodular as if produced by sponge or chert nodules. Another massive ledge
3 feet thick at the base . _ ~ e 36
14. Limestone, black, thin bedded, shaly, hawng nregu1a1 wavy beddlng p]anes
and made up of beds 2 to 4 mches thick _ s e e e - 4 .
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Limestone, dark gray, weathering to a bluish-gray color. Finely and uni-
formly crystalline, {aitly evenly bedded. The beds aie 2 to 4 inches thick
and form a cliff aiong the Colorado River bluff. The limestone is for the
most part nonlossiliferous, Some layers contain small amounts of chert,
show algal and sponge markings, and a few large, long crinoid stems. The
surfaces of the ledges are marked by minute white blotches and weather to
very rough, etched surface having minute sharp, serrate ridges separated by
cusps and valley-like depressions. Surface appearance resembles the
well-known 1edges at Pedernales Falls

“Upper Cheit bed.” Limestone, gray, fine grained, lndlstmctly ])edded melty,
contains moie thaa 50 peicent chert. Hard, forms distinct cliff along the
bluff and a cascade in Colorade River. Surface of the limestone nodular,
marked with chert nodules derived probably from sponge masses. The
chert is brownish-black, foraminiferal, and its surface is pitted with minute
fossil cavities. In many cases it weathers to a tripoli-like cotton rock .

“Blue Limestone bed.” Limestone, light gray, weathering blue giay, “and
marked by minute white blotches. Hard, noncherty, uniformly finely
crystalline, mostly nonfossiliferous, fairly thick bedded. Breaks in large
rectangular blocks and weathers on exposed surfaces to very roughly
etched and serrately ridged surface; breaks with conchoidal fracture re-
sembling in this respect Ellenl)ulger limestone . .

‘A]gal bed.” Limestone, black or dark chocolate, Very “fine grained. Breaks
into small black chips, chert bearing. The chert is in the form of nodules
and irregular-shaped, thin lentils. The chert is dense, black, and very
sparingly fossiliferous, broken by many joints and cracks, but some layers
will make building blocks. Contains corals (probably Zaphrentis),
Bellerophon, Maiginifera, echinoid spines, and Bryozoa. The most charac-
teristic [eature is the dark chocolate-colored bloiches set in a light gray
background and giving to the surface of the rock a distinctly mottled
appearance. These dark blotches are interpreted as algal markings. The
algal markings extend through most of the ledge, 12 to 14 feet thick. The
ledge breaks into more or less smooth-surfaced blocks which will make a
good building stone and take a good polish, bringing out the characteristic
mottled markings

l.imestone, gray, massive, finely crystalline, containing thin stringers of
chert, a fraction of an inch to 2% inches thick. Amount of chert increases
upward. No fossils

limestone, gray, massive, fine grained, uniform. Mostly noncherty, occurring
in layers 2 1o 4 inches thick

Pebble conglomerate, made up of angular and little-rounded pebbles of lime-
stone % of an inch in size (maximum) in a matrix of sand made up of
limestone grains and large quantities of small crinoid fragments .. .

Nodular chert bed. Limestone, dark gray or black, fine grained, massive;
contains stringers and nodules of chert which constitute more than 50
percent of the ledge. Weathers to a rough, nodular surface. Lower
layers contain oolite ...

Sand, vellowish gay, consolidated, made up of coarse grains of limestone,
small crinoid fragments, and small limestone pebbles ¥ of an inch in
size. The layer is porous and water bearing. Springs issue from this
horizon

Limestone, gray, coarsely ciystalline, massively bedded, nonfossiliferous, and
containing no chert except a few indistinct sponge nodules containing
sponge spicules appearing on the surface of a ledge 2 feet below the
top of the bed. The bed is distinetly lighter in color than the layers
above and below, so that it stands out as a light gray band along the
crest of a small anticline showing in the bluff on the south side of the
ll‘/er o o e e e —mme——— = —n = —m o —mm e o

Limestone, black or very “dark gray, subcrystalline, contammg elongate and
inegular-shaped datker masses interpreted as originating from sponge
masses, but possibly of algal origin, The black masses are generally
circular in (ross section. They are 1% inches in diameter, 8 to 10 inches
long, and cylindrical or elbow-shaped. Other masses have quite irregular
shapes. Many are distinctly cherty and ent with many fine caleite vein-
lets. The bed contains a few fossils; namely, small and large crinoid
stems, sponge masses, and a small linoproductid. The beds grade upward
into shghtly lighter gray, less cherty limestone; and the sponge masses
are slightly smaller toward the top ... S .
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THICKNESS
Feet Inches

34 6
7 2
10 5
22 4
8 6
4 -
1 6
28
1
- 5
10
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2. Limestone, dark gray or black, fine grained, thin bedded. Beds in layers

3 to 6 inches thick. Fossiliferous containing in its upper portion Ethel-
ocrinus texasensis Moore and Plummer, crinoid stems (large, smooth, and
deeply corrugated), Bryozoa, small Punctespirifer, a few small corals of
Michelinia type, numerous corals belonging to the genus Zaphrentis, Lino-
productus, and other brachiopods. The hed also contains layers and
lentils of chert which contain many minute fossils, erinoid fragments,
brachiopods, and Foraminifera, The upper thin layers have shale partings
which contain crinoid stems and Foraminifera. The shaly layers weather
more easily than the massive beds above, so that the massive ledge along
the cliff side is undercut, and in places a shelter or grotto is produced

1. Limestone, dark gray, massive, fine grained, cliff forming, reef-like rock.

The layer contains few thin cherty layers in the middle portion, but most
of the rest of the thick, cliff-forming ledge is nonbedded. Contains large
and small crinoid stems, few if any other fossils, and but little chert.
The rock is distinctly petroliferous, especially near its base, and when
broken gives distinct odor of oil. The ledge contains in its upper portion
a lentil of thin, cherty beds that may possibly be the same beds described
in layer No. 2, but are apparently separated from No. 2 by more massive
beds. The ledge is cut by a nearly vertical fault at its west end. West
of the fault there is a distinct unconformity between this massive ledge
and the overlying thin limestone beds of layer No. 2 ... . .. .

THICKNESS
Feet Inches

Total thickness measured

42
83 0
R e e 336 1

Subdivisions—The Marble Falls group
may be divided into two formations and
several lentils as follows:

Big Saline formation—
West area—
Soldiers Hole lentil
Lemons Bluff member
Brook lentil
Gibbons conglomerate
East area—
Brister Bluff lentil
Lemons Bluff member
Aylor Bluff member
Gibbons conglomerate
Sloan formation

The west and easl areas are separated
by Cavern Ridge, an elevation of Ellen-
burger rocks extending north and south
along the west edge of San Saba County
(P1. 1). With the exception of the Lemons
Bluff member the lentils on the west side
of the ridge do not have the same fauna
as those on the east and are not exactly
equivalent in age. Stratigraphic relation-
ships are shown in the cross section,
Plate 9.

SLOAN FORMATION

Name and extent.—The Sloan forma-
tion of the Marble Falls group is best
exposed along San Saba River and its
branches on the Sloan, Lemons, and Gib-
bons ranches, southwest of San Saba and
along Colorado River above Alexander
dam site at Marble TFalls in Burnet

County. The dark, thin-bedded strata be-
tween the Barnett shale and the massive,
coarsely crystalline Chaetetes-bearing Ay-
lor Bluff limestone are exposed most
typically along the bluff opposite Lemons
Camp on San Saba River. They are ex-
posed also along the north side of King
Branch on Sloan ranch and along the
upper portion of Turkey Roost Creck on
Sloan ranch.

Sloan strata have been found also at
the base of the Marble Falls section on
Colorado River below Marble I'alls along
the Marble Falls-Barnett contact {rom
Cherokee Creek west across San Saba
County to the Llano-San Saba highway in
the Wallace Creek valley, 13 miles by road
southwest of San Saba (Pl. 13B), and at
a few places along the contact of the
Marble Falls and Barnett on the Sloan
and Gibbons ranches in western San Saba
County. The formation is present in most
synclinal areas east of the San Saba-Mc-
Culloch County line and absent on the
structural highs where it was removed by
erosion before the deposition of the Big
Saline formation. It has not yet been dis-
covered west of Cavern Ridge on the west
San Saba County line and is thought to
be absent on the Brady uplift in MecCaul-
loch County and along the granite ridge
in Mason Counly (map, Pl. 1). It has
not been identified east of Cherokee Creek,
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in Colorado River cxposures south ol
Bend, or in Lampasas County. It is pos-
sible, however, that the usual oolitic bed
south of Bend may be Sloan in age.

The accompanying seclion measured at
the type locality on San Saba River, oppo-
site Lemons Camp, is typical:

Section of the Sloan formation on San Saba River opposite Lemons Camp, San Saba County

(Coord. R-17, PL 1; fig. 13).

THICKNESS
Feet Inches

4, Limestone, dark gray, thin bedded, subecrystalline, granules look like re-
deposited dolomite grains, not very fossiliferous except near hase; con-
tains thin lentils of chert and a few sponge-like nodules; may represent

the mottled beds of other sections.

Lower layers contain plant leaves and

stems; other layers contain small chonetids ... ... 38
3, leestone, black, subcrystalline, having smooth surfaces; weathers to rounded,

smooth boulde1s and pebblcs,
thin, black shale.
containing large numbers
chonetids, ete. ... _.

The limestone layers are interbedded with
Both the shale and limestone layers are fossiliferous,
of Maiginifera

roemeri Girty, productids,

chert,
ductids, etc. ..

small chert pebbles, water-woin fossils

Total thickness measured

28 .
2. Limestone, black hald cxyst'lllme, containing more than 25 percent black
which occurs in large nodules, fossiliferous, contains corals, pro-
____ 1
1. Limestone, dark gray, glauconitic, conglomeratic, contains phosphate nodules,
___________________________________________ 1 6
Paleontology.—The {following {fossils

Description.—The Sloan formation is
distinctly thin bedded. The beds are un-
even, have rough surfaces, and conlain
distinctive {ossils. The hasal bed in most
places is a subcrystalline 1o ecrystalline,
dense black. cherty limesione 4 to 16 feet
thick which. in most places, has more
than 40 percent black chert. This chert
member is overlain by 50 lo 100 feet of
thin-bedded, black. subcrystalline, fossilif-
erous limestone. The lower layers in most
places are {fossiliferous. They conlain
Ethelocrinus texasensis Moore and Plum-
mer, Marginifera roemert Girty, Weller-
ella osagensis (Swallow), Derbyia crassa
Meek and Hayden, Dictyoclostus mor-
rowensts {Mather), Linoproductus nodo-
sus (Newberry), Paeckelmannia, and
many others, The [ossils are less common
in the upper layers, and one horizon near
the top 1s yellowish gray in color, lighter
in density, and contains many impres-
sions of plant stems and leaves of a reed-
like plant. In certain places, particularly
along the bluffs of Turkey Roost Creek
on the Sloan ranch and in a small branch
of Wallace Creek 13 miles southwest of
San Saba, shale parlings 2 to 30 inches
thick occur between the limestone layers
{PL. 13B). In most places these shales
arve fossiliferous and some of the best
fossils {from the Sloan formation come
from these inter-limestone shale zones.

have been collected from the Sloan forma-
lion, and a few of the typical species are
shown on Plate 11. The corals have been
identified by R. C. Moore and R. M. Jef-
fords (1945) ; the gastropods by J. Brookes
Knight; and the other species, by the
author.

Fussils collected from the Sloan formation

Anthozoa—
Stereocorypha annectans Moore and Jeffords
Lophophyllidium adapertum Moore and Jeffords
Barytichisma crassum Moove and Jeffords
Barytichisma callosum Moore and Jeffords
Barytichisma repletum Moore and Jeffords
Cladochonus fragilis Mather
Amplexocarinia corrugata (Mather)
Crinoidea—
Ethelocrinus texasensis Moore and Plummer
Cibolocrinus punctatus Moore and Plummer
Diphuicrinus croneisi Moore and Plummer
DBrachiopoda— .
Chonetes choteauensis? Mather
Juresania wilberana (McChesney)
Paeckelmannia sp.
Horridonia globosa (Mather)
Marginifera roemeri Girty
Linoproductus nodusus (Newberry)
Dictyoclostus morrowensis (Mather)
Rhynchopora illinoisensis (Worthen)
Rhynchopora magnicosta Mather
Spirifer opimus Hall
Punctospirifer campestris {( White)
Punctospirifer transversus (McChesney)
Composita ozarkana Mather
Composita deflecta Mather
Composita elongata Dunbar and Condra
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Cleiothyridina orbicularis (McChesney)

Squamularia? perplexa (McChesney)

Tlustedia miseri Mather
Pelecypoda—

Edmondia, n. sp.

Myalina wyomingensis (Lea)

Myalina congeneris Walcott

Leda sp.

Parallelodon obsoletus (Meek)

Posidonia sp.

Pterinopectinella, n. sp.

Aviculopecten halensis Mather

I.ithophaga sp.

Pleurophorus occidentalis Meek and Hayden

Allorisma reflexum Meek
Gastropoda—

Worthenia tabulata (Conrad)

Trepospira sp. indet.

Colpites ¢f. C. minutus (Sayre)

Naticopsis aff. N. subovata Worthen

Orthonychia, n. sp.

Mecckospira peracuta (Meek and Worthen)

Pharkidonotus, n. sp.

Ammonoidea—

IPhaneroceras nolinense (Cox)

Correlation.—It is rather difficult to cor-
relate the Sloan fossil assemblage with
the fauna of other distriets because most
of the older Pennsylvanian species of
Oklahoma, Arkansas, and Illinois have
been identified by paleontologists 20 years
or more ago before modern splitting of
genera and species into narrow limits of
differentiation was undertaken. However,
it has been possible to compare our
species of brachiopods with the collections
in the Walker Museum, and Moore and
Plummer (1940) and Moore and Jeffords
(1945) have assembled, studied, and re-
described all the crinoids and corals of
the Morrow of Oklahoma and Arkansas
and the Marble Falls of Texas. The ac-
companying table (p. 55) is a list of the
Texas fauna with similar or very closely
related forms identified {from Oklahoma
and Arkansas.

All the coral identifications are by
Moore and Jeffords (1945) and the gastro-
pods by J. Brookes Knight. The list is a
preliminary one. Many more forms that
have not yet been identified occur both in
Texas and the other states. It will be
noted, however, from this table that oul
of 26 species of brachiopods, corals, and
crinoids, 8 of the fossils, apparently
mostly the long range forms, occur in the
Hale formation of Arkansas, 15 in the
Morrow of Oklahoma, and 5 in the
upper Potisville of Kentucky. None ex-
cept the long range forms like Hustedia

miseri Mather, Composita ozarkana Ma-
ther, and others occur in formations
younger than the Morrow. It is concluded,
therefore, that the Sloan formation of the
Marble Falls may be correlated with the
upper Morrow and upper Potisville
formations.

Fossil Localities®

27-T-5 (HH-37, Pl. 1).—Burnet County,
0.4 of a mile south and 0.7 of a mile east of
Muarble Falls on the north bluff of Colorado River
0.7 of a mile east of the bhridge. It is veached
by taking the Johnson City road south from
Marble Falls to the bridge across Colorado River
a distance of 0.4 of a mile, then walking down
the north side of the tiver along the Marble Falls
bluff. The locality occurs in the limestone strata,
particularly in the shale partings about 0.75 of
a mile below the bridge. The hest collection has
come from a grotto in the cliff side where the
strala are oolitic and easily broken. The speci-
mens are numerous but rather poorly preserved.
Marginifera roemeri Girty and Ethelocrinus
texasensts Moore and Plummer have heen col-
lected here.

205-T—-4 (W-16, Pl, 1).--San Saba County,
3.5 miles due south and 1 mile west of San Saba
courthouse on the San Saba-Llano highway near
the contact of the Marhle Falls-Barnett strata.
It is rcached by taking the San Saba-Llane road
and driving about 4 miles south of Llano almost
to the second crossing of Simpson Creek. The
locality is 0.1 of a mile north of the bhridge near
the fault which can plainly be seen from the
hank on the east side of the highway.

205-T-43 (T-18, Pl. 1).—San Saba County,
9 miles due south, 1 mile due east of Algerita
and 10 miles southwest of San Saba. It is reached
by taking the San Saba-Brady road 2.5 miles
west of San Saba courthouse, turning southwest
on the San Saba-Wallace Creek road and driving
about 10 miles south to the Marble Falls-Ellen-
burger contact. Near this point a dim read leads
off to the west to an old water tank ahout 0.1
of a mile from the road. From the water tank
walk down the creek about 300 feet to a steep
blufl on the east side of the creek. Fossils occur
along the bluff, Most of the best specimens have
come from shale partings in the limestone about
10 feet above the base. Most of the fossils have
been collected from this shale, but many more
can be obtained by digging out the shale, spread-
ing it on the ground, and carefully examining
it for the good specimens,

205-T-65 (R—-16, Pl. 1).—San Saba County.
0.5 of a mile south and 0.2 of a mile west of
Maxwell Crossing, It is reached by taking the
San Saba-Brady road to Harkeyville, turning
southwest at Harkeyville on the road to Sloan
community, traveling 1.4 miles to a road running

5The large ranches in San Saba County are privately

owned. Before entering these ranches, 1t is best to see the
owners and get permission and directions for passing through
the ranch.
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Regional occurrence of Sloan fossils

Slean Fauna

Foraminifera
Millerella marhlensis Thompson .. _......

Anthozoa
Stereocorypha annectans Moore and Jef-

fords
Lophophyllidium adapertum Moore and

Teffords
B- 1yt1(']usma crassum Moore and Jeﬂ'ordq
Barytichisma callosum Moore and Jeffords
Barytichisma repletum Moore and Jeffords
("ladochonus fragilis Mather
Amplexocarinia corrugata (Mather)

Brachiopoda
Chonetes choteanensis Mather
Juresania wilherana (McChesney) ..
Pacckelmannia sp. .. . .
Horridonia glohosa (Mather)
Marginifera roemeri Girty .
Linoproductus nodosus (Newherry) .
Dictyoclostus morrowensis (Mather) . .
Rhynchopora illinoisensis (Worthen) ...
Rhynchopora magnicosta Mather ___
Spirifer opimus Hall
Punctospirifer campestris (White) . __
Punctospirifer transversus (McChesney) ...
Composita ozarkana Mather ... .
Composita deflecta Mather
Composita elongata Dunbar and Condra
Cleiothyridina orbicularis (MeChesney)
Squdmularlar’ pemlex‘t (McLhesney)
Hustedia miseri Mather . . .. _ __

Pelecypoda
Edmondia, n. sp.
Parallelodon ohsoletus (Meek)

Myalina wyomingensis (Lea) .. ..... ..
Myalina congeneris Walcott . _
Leda sp.? .
Posidonia sp.? ]
Pterinopectinella, n. %p I
Av1culop<‘cten halensis Mather .. . ..
ithophaga sp.? ...
Plemophorus 0c01dentahs Meek and Hay
den o
Allorisma reflexum Meek ... ... .. _

Gastropoda
Worthenia tabulata (Conrad) . .. .. __
Trepospira, sp, indet. ... S -
Colpites aff. C, minutus (Sayle) N
Naticopsis aff. N. subovata Worthen .
Orthonychia, n. sp.

Mecekospira pelacuta (Meek and Worthen)

Pharkidonotus, n, sp. . .. __
Ammonoidea

Phaneroceras nolinense (Cox)
Crinoidea

Fthelocrinus texasensis Moore and Plum-

mer
Ciholocrinus punctatus Moore and Plumn-

MET L. i e e
Dlphulcunm croneisi Moore and Plummer
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due west, taking the west road and following
the main traveled highway to the Sloan com-
munity, a distance of about 7.5 miles beyond the
white house to a road fork leading to San Saba
River at Maxwell Crossing. Then take the road
to Maxwell Crossing and continue along a second-
ary tanch road 04 of a mile, turning abruptly
south over a rough pasture road leading to King
Spring. Proceed about 0.2 of a mile to a pasture
gate. The fossil locality is just inside the gate
on the northwest slope of a hill, Great quantities
of Marginifera roemeri Girty and its associated
group of fossils occur here.

205-T-84 (R~17, Pl. 1).—San Saba County,
1.3 miles south and 0.5 of a mile west of Max-
well Crossing. It is reached by following the
same directions given above and continuing south
from Locality 205-T-65 at the Sloan ranch gate,
a distance of 1.6 miles 1o Turkey Roost Creck,
then walking down the creek about 0.5 of a mile
to the contact of the Marble Ialls-Barnett for-
mations, By following a dim pasture road, it is
possible to drive most of the way, The fossils
occur in the strata on both sides of the creek
below a rather conspicuocus limestone conglom-
erate. The conglomerate is thought to he Big
Saline in age and the strata above the con-
glomerate are Lemons Bluff. This is a rather
difficult locality to reach hut a very interesting
one,

205-T-92 (R-15, PL 1).—San Saba County,
6.6 miles due south of Richland Springs on the
Jack Sloan ranch. It is reached by taking the
Richland Springs-Maxwell Crossing road to the
Jack Sloan ranch house, a distance of 9 miles:
then proceeding 0.4 of a mile east of the Jack
Sloan ranch houses to a wire gate and dim road
leading north into the pasture, driving up the
dim road a distance of 0.4 of a mile to a large
caliche pit. Large numbers of fossils occur in
the hottom and the sides of the caliche pit.

205-T-98 (R~-15, Pl 1).—San Saba County,
2.7 miles south and 3.6 miles west of Algerita
on the Leonard ranch. Tt is reached by taking
the San Saba-Brady road to Algerita, continuing
1.5 miles west of Algerita, turning due south on
the road to Leonard ranch and proceeding to the
ranch, a distance of 3.5 miles; ihen taking the
road from Leonard ranch house south toward
Baker Springs and diiving a distance of 0.9 of
a mile to a point at the foot of a rather steep
bill where the road is crossed by an east-west

flowing branch. Walk up the branch a distance
of about 0.3 of a mile to the contact of the
Marble Falls and Barnett. The fossils occur in
the limestone layers just above the Barnett shale.
This is the locality where a very interesting sand-
stone dike resembling the masonry of an ancient
concrete dam and originating at the unconformity
above the Sloan strata penetrates the upper
Marble Falls beds.

BIG SALINE FORMATION

Description.—The Big Saline formation
was named by Cheney (1940) using the
excellent exposures along Big Saline Creek
in Kimble Counly as the type locality
(P1. 13A). The formation consists of
coarsely crystalline, fairly massively
bedded, fossililerous, light-gray limestone
weathering white and containing many
layers and nodules of dark-gray and black
chert. The most common and most con-
spicuous fossils are tiny fusulinids which
occur in great numbers and very large,
elongate, cylindrical colonies of a coral
belonging 1o the genus Chactetes. The
beds vary greatly in thickness and, in
general, thin by non-deposition of lower
beds on uplifts and domes (fig. 13). The
typical beds can be traced from Big Sa-
line Creek in Kimble County eastward to
Honey Creek in Mason County, and from
the Gray ranch 5 miles southwest of Brady
in Mason County to the Neal ranch, 1 mile
west of the McCulloch County line where
they play out against the Iall uplift and
Cavern Ridge. East of these ridges other
beds occur which are similar in appear-
ance, conlain the same gastropods, and
are regarded as belonging 1o the Big Sa-
line formation although they do not con-
tain the same fusulinids and ammonoids.
The accompanying section shows the suc-
cession of beds of the Big Saline formation
at the type locality on Big Saline Creek,
Kimble County.

Section of Big Saline formation on Lluno River, near mouth of Big Saline Creek, Kimble County

(Coord. 1I-35, PL 1; fig. 13).

Strawn group—

THICKNESS
Feet Inches

16. Limestone, black weathering yellowish gray, crinoidal, contains glauconite, small
green and gray chert and limestone pebbles, Tusulinids, resembles the stratifica-

tion along an old sea beach . o 1 .
Big Saline formation—
15. Shale, black, weathering yellow, thinly bedded, unfossiliferous for the most part ... 6
14. Limestone, gray, crinoidal, made up of quantities of crinoid fragments poorly
preserved, grades laterally into shale.. ... _ 1
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THICKNESS
Feet Inches

13.

12.

11,

10.

6.

Limestone, black, fine grained, subcrystalline, hard, weathering yellow, containing
the alga Taonurus caudigalli (Vanuxem), dense black chert, fusulinids, and
Phaneroceras compressum (Hyatt) - ,

unconfarmity

Limestone, gray, uniformly finely crystalline and chert bearing, The chert is light
gray, almost white and in the form of small nodules which contain minute
sponge spicules. The limestone is medium to thin bedded. The heds range from
2 to 12 or 14 inches in thickness. The upper layers contain quantities of large
Chaetetes corals, many fusulinids (Fusulina llanoensis Thomas), compositids,
horn corals, and a few other marine fossils

Limestone, light gray, almost white, massive, weathers to brecciated chip-like
fragments, having yellowish stain. No chert or fossils were found, but the rock
contains dark-colored productid spines and some layers appear to he made up
of angular chunks of limestone 1 inch to 1%4 inches in size. The whole section
appears to be a reef-like limestone and is probably of reef origin ...

Limestone, dark gray, hard, very finely crystalline to subcrystalline, chert
bearing. The chert is dark gray and somewhat speckled and contains white
sponge spicules. In places the limestone contains sponge or algal markings
in the form of black blotches having irregular shapes. The heds are 1 inch
to 14 inches thick, exposed along the face of the cliff, and consist of 3
divisions as follows: . .

c. Massive Chaetetes-bearing layer
b, Mottled algal or sponge-bearing bheds _
a. Evenly bedded mostly nonfossiliferons heds containing echi-

noid spines especially prominent in a la)el 15 inches below

the top .. . o . . 2311,

Shale, gray, soft, calcareous, containing numerous well- prebelved fossils—Schizo-
phoria, Spirifer, horn corals, Phaneroceras, Pronorites, productids . . .

Limestone, gray, finely ciystalline, chert bearing. The chert is in the form of
dense black nodules and stringers 3 inches thick and 36 inches long. The
layer is fossiliferous, containe minute fusulinids (Fusulinella primaeva), other
minute fossil fragments, small Foraminifera, and large Chactetes colonies. The
base of the stratum is distinctly uneven as if deposited on a wavy surface. The
top is also uneven and very rough. A distinct shale parting occurs at the top
which is 6 inches thick and forms a prominent cleft in the cliff side. The
Chaetetes bed forms a good marker horizon which can be easily recognized
and traced locally for some distance .. . ... _. o

Limestone, gray, subcrystalline, slightly shaly, grading upward from Dbase into
harder, highly fragmental mottled layers which form the base of the cliff and
are apparently made up of a mass of small nodules and fragments, angular to
subround, and from a fraction of an inch to 1% inches in size o

Limestone. dark gray, subcrystalline to crystalline, thin bedded; the beds are
3 to 6 inches thick and contain a few echinoid spines and minute fragments
of spines and other minute fossils . . ...

Limestone, gray with pink tinge, finely crystalline to suberystalline, massively
bedded; consists of one single bed and contains a few small gray blotches
which apparently are not nodules. Also contains chert nodules 3 to 8 inches
in diameter; dark gray in color, containing minute organic markings hut no
fusulinids or identifiable Foraminifera .. . __

Limestone, gray, strongly mottled with a mass of darker gray, qmall nodulm l]ke
bodies ¥ of an inch to 1 inch in diameter. Thin bedded, consisting altogether
of 11 beds, each about 3 inches thick . . e -

Limestone, gray, nodular, marked with fine white streaks of calcite. The bed is
sepalated into two halves by an uneven wavy parting in the middle. The lower
half of the bed contains small corals, small flakes of chert, and small nodules.
The nodules appear to be aleal in origin and consist of blotches of darker
limestone cemented in a lighter matrix. The nodules average ahout 1 inch in
size . . e

Limestone, giay, crystalline; contains angular pebbles of cheit, and pebbles of
Ellenburger dolomite 132 inches in diameter. The pebbles aire rather sparsely
scattered 5 or 6 to the square foot. They are angular or subangular with
rounded edges and corners. One of the largest pebbles consists of a fragment
of a much water-worn Chaetetes. The base of the section is poorly exposed but
the rock apparently lies directly upon the Ellenburger . .

2 ft.
6{t. 2 in.

5

21

31

6

9

10
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THICKNESS
Feet Inches
Ellenburger formation—

1. Limestone, white, subcrystailine, smooth-surfaced rock which breaks with a dis-
tinctly conchoidal fracture o een e e e e e 504 .

Total thickness measured ... ... . = _ o224 5

The Big Saline strata can be traced downthrown sides of many of the normal
eastward from the type locality along the {aults. The strata carry exactly the same
edge of the Cretaceous overlap into Mason fauna, but the massive beds thin toward
County where they are exposed on the the northeast.

Section of Big Saline formation and subjacent rocks along secondary road at Mill Creck, White's
ranch, Mason County (Coord. H-35, PL 1).

THICKNESS
Feet Inches

Big Saline formation—
8. Limestone, black, weathering dark, yellowish-gray, hard, subcrystalline, contain-
ing large numbers of well-preseived Phaneroceras compressum (Hyatt), Neo-

spirifer cameratus (Moiton), and other fossils ... ... . .. 4 G
7. Shale, covered by soil and alluvium .. .. . e e [ . 3
6. Limestone, black, hard, fossiliferous, interbedded with thin beds of soft black
shale which are about 3 feet in thickness. The limestone beds are about 10 fect
thick, have smooth surfaces, and break into slabs. One ledge has numerous large
nautiloids 8 to 9 inches in diameter, Spirifer rockymontanus Marcou, Pharkido-
notus, n. sp., Syringopora, and others o - 11
5. Limestone, black, hard, chert bearing. The chert is black, and occurs in the
shape of nodules, small lentils, and uneven thin layers which contain numeious
small Tusulinids (Fusulina llanoensis Thomas) oo oo e 60
Barnett shale—
4. Shale, brownish black, containing thin heds of limestone mostly covered with soil
and brush _____ . . B 18
Chappel formation—
3. Limestone, grayish white, crinoidal, made up of a coquina of small crinoid
fragments . o - 6
2. Limestone or shale coveved with soil .. . . . . . 9
Ellenburger—
1. Limestone, white, hard, subcrystalline; breaks with a smooth conchoidal fracture
and contains & multitude of minute calcite veins and fine cracks plainly visible
on smooth surfaces ... ... 50
Total thickness _... .. 185 6

Section of Big Suline formation and older rocks measured on Honey Creek just northwest of White's
Crossing road, Mason County (Coord. I-33, PL 1).

THICKNESS
Feet
Big Saline formation—
10. Limestone, black, weathering yellow, fossiliferous; contains Phaneroceras com-
pressum (Hyatt), nautiloids, and Taonurus caudagalli (Vanuxem) . ... 3
9. Shale, black, mostly covered with alluvium, gravel, and soil .. .. e 56
8. Limestone, hlack, weathering yellow, fossiliferous; contains Phaneroceras com-
pressum  (Hyatt) . o e e 3
7. Shale, black, mostly covered with gravel _ e e e e 20
6. Limestone, dark gray, subcrystalline, smooth surfaced, evenly bedded having
shale partings between <ome of the beds; contains algal markings. Beds range
from 6 inches to 3 feet in thickness, containing Chaetetes, Composita, and
other fossils __ . .. 40
5. Lilfnest{)ne, gray, crystallive, well bedded. The beds are about 1 foot thick. Few
ossils o e e e 55

4. Limestone, dark gray,partlyoohtlc, “contains small fusulinids in upper ledge.
The upper ledge is more resistant and forms low falls in the creek ... _ . 14
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3. Limestone, black, hard, subcrystalline, chert bearing;
although they weather to a buff color.

THICKNESS
Feet
chert nodules are black

The beds occur in the form of 12

resistant layers 4 1o 0 inches thick which produce small ridges across the
creek. About 25 percent of the rock is made up of black chert which contains

many fine white spicules, smaller Foraminifera, and fusulinids.

The fusulinids,

which are the well-known form Fusulina llanoensis Thomas, are especially
abundantly prominent in the next to lowest chert layer 8

Barnett shale—

2. Shale, brown, petroliferous, fossiliferous; contains several thin beds of limestone
3 to 12 inches thick. The shale is soft, brown, petroliferous in layers a foot
or more in thickness which aliernate with soft oolitic, somewhat altered, brown
limestone. The harder layers are fossiliferous; the fossils are poorly preserved
but very numerous, pelecypods, caneyellas, bryozoans, and others .. 42

Chappel limestone—

1. Limestone, pinkish white, hard, compact, massive, crystalline, crinoidal, having

a rough granular surface.

The crinoidal detritus is most plentiful in lower

portion. Conglomerate cobbles occur at the base in some places ... . 10

Total thickness .. .. ... . _

- 251

Section of Big Saline formation measured along Little Brady Creek 1,000 feet northeast of Smith
ranch house and 249 fect cast of wire fence, McCulloch County (Coord, L-14, Pl 1).

Big Saline formation—
6. Limestone, gray
Chaetetes, and a few olher fossils ...

massive ;

THICKNESS .
Feet Inches

Fusulinids
4. Limestione,

dark glay, hard,

and has a distinct odor of pelloleum .........

and a Derbyia ...

building blocks ..

2 inches thick;

others.

contains fusulinids {(Fusuline [anoensis Thomas),
6

5. Limestane, dark grayish blue, hard, suhmystal]me contains some black chert and
weathers into chips and alahs havmg rough surfaces. It is fossiliferous, con-
taining large shells of Pharkidonotus, n. sp., many productids, and a few

3 .
su])nybtalhnc breaks with a conchoidal fracture

____________________________________________________________ 110
3. Limestone, black, weathers light yellow, thin bedded, breaks into flags ¥4 inch
to 3 inches thick, averaging about 1 inch thick, fossiliferous, contains productids

,,,,,,,, - 4

2. Limestone, black, weathering a light cream color, dense, subecrystalline, breaks
with a conchoidal fracture and along bedding planes and joint lines to produce
rectangular blocks 1 foot thick and 18 inches long which form excellent

3 6
1. Limestone, black, suberystalline; breaks to form hard curved chips 1 inch to
contains numerous fossils, large Dictyoclostus morrowensis
(Mather), Chonetes dominus R. H. King, Spirifer rockymontanus Marcou, and
Contains also one chert lentil of dense black unfossiliferous chert.

Bottom unexposed. Total thickness exposed .. _ . I 7 6

Total thickness __.____

Microscopic characteristics—The micro-
scopic characteristics of the Big Saline
beds have been described by Udden
(1919-A) and Udden and Waite (1927).
The most siriking feature of the limestone
when viewed in thin section under the
microscope is its sponge-spicule content.
Particularly the middle layers, now re-
ferred to as Lemons Bluff beds, consist of
a mass of sponge spicules cemented with
calcium carbonate to form a thin solid
ledge difficult to cut with the ordinary
rock saw. When dissolved in acid, in
many places the silica content of the rock

will amount to more than 50 percent by
volume. Thin sections of the upper beds
also reveal in most places large numbers
of Foraminifera. Outlines of these fossils
are particularly well preserved in the
chert, where they can be seen with a hand
lens.

Miciofossils found in Big Saline formation®

Foraminifera—
Psendostaffella sp.
Fusulina llanoensis Thomas
Fusulinella primaeva (Skinner)

2All identifications ate by Helen J. Plummer,
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Millerella marblensis Thompson
Cribrostomum marblense H. J. Plummer
Reophax bendensis H. J. Plummer
Reophax emaciatus H. J. Plummer
Hyperammina bulbosa Cushman and Waters
Ammodiscus semiconstrictus Waters
Glomospirella umbilicata (Cushman and
‘Waters)
Endothyra distensa H. J. Plummer
Endothyianella armstrongi subsp. sobrina
H. J. Plummer
Endothyra rotaliformis Warthin
Bradyina sp.
Globivalvulina biserialis Cushman and Waters
Polytaxis scutella (Cushman and Waters)
Bryozoa—
Ostracoda—

Some of these microfossils occur in the
cherts of the upper member in the form
of moulds so that long cavities are found
scatlered profusely through the chert
nodules.

Distinguishing features.—The charac-
teristics that distinguish the Big Saline
group of beds from other Carboniferous
formations may be summarized as follows:

1. TIts black, nodular chert marked by tiny
cavities and Foraminifera.

2. Tts algal content expressed by the interest-
ing, strikingly mottled beds in the upper
portion of the Big Saline member (PL
10B) and the characteristic markings of
Taonurus caudagalli (Vanuxem) found
on the surface of the Lemons Bluff lime-
stone.

3. The siliceous content of the Lemons Bluff
member due to great quantities of sponge
spicules, In its uppermost levels this
member weathers to yield lightweight,
buff-colored fragmenis called “cotton
rock,” a {eature not found in other
Carboniferous {formations,

4. The Big Saline formation has some rather
massive, thick, coarsely crystalline layers
made up largely of large crinoid frag-
ments. The crinoid-bearing beds of the
Big Saline are distinguished from the
crinoidal limestone of the Chappel for-
mation by the fact that the cross sections
of the crinoid stems are generally much
larger and in many places have a more
complex central vertical canal through
the center of the stem. The central canal
of some of the Pennsylvanian ecrinoids
is pentagonal in cross section, having a
central tube surrounded by five connect-
ing lobes. All the Chappel crinoid stems
have a simple round canal in the center
of the stem.

5. The rich faunas present in the middle and

upper layers of the Big Saline enable
one to distinguish the formation readily

with little experience from the Sloan
formation below.

Subdivisions of the Big Saline forma-
tion.—The Big Saline formation may be
subdivided on a basis of lithology and
paleontology into a series of 4 to 7 mem-
bers, most of which are discontinuous and
may be best relerred to as lentils. These
are as follows:

WEST AREA

Soldiers Hole lentil
Lemons Bluff member
Brook lentil

Gibbons conglomerate

EAST AREA

Brister Bluff lentil
Lemons Bluff member
Aylor Bluff member

Gibhons conglomerate

The siratigraphic positions of these lentils
are shown in the sections, Plate 9, and are
described in the following paragraphs.

Gibbons conglomerate.—A basal con-
glomerate marks the contact of the Big
Saline and Sloan formations in some
places. In other places a thin, glauconitic
sand intervenes containing phosphatic
nodules, and in many others the Big Saline
limestones or shales lie directly on Barnett
or even Ellenburger strata with or without
a thin conglomerate at the base of the Big
Saline. In a few places the basal Big
Saline strata consist of limestone nodules
intermingled with water-worn casts of
Bellerophon shells. In still other localities
a thin layer of beautifully banded, nearly
spherical algal “biscuits” marks the contact
of the Big Saline and older sirata. The
type section of the Gibhons conglomerate
is a thin pebble conglomerate 6 inches to
1 foot thick which occurs between the Big
Saline and Barnelt in an exposure one-
fourth of a mile north of the new San
Saba-Brady road on ihe Gibbons ranch
214 miles south of Hall, 0.4 of a mile east
of the point where the road crosses the
west-facing Marble Falls escarpment. The
conglomerate is 8 inches to 1 foot thick
and is distinctly a pebbly conglomerate
made up of pebbles three fourths of an
inch to 1 inch in diameler, set in a matrix
of coarse sand or very small pebbles. The
large pebbles as a whole are remarkably
uniform in size; the largest is 1 inch in
diameter and the smallest three-fourths of
an inch, unless the coarse matrix material
is considered. The matrix grains average
1 mm. to 3 mm. in size. The pebbles of
the conglomerate consist of subangular
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limestone and chert mOstly deI‘iVed, it 18 6. Around the prominent. outlier on the White
thought, from the Ellenburger dolomite. ranch, 0.5 of a mile south of the old

, . . Cavern road and 2.5 miles west of the
The conglomerate ledge is consolidated line between San Saba and McCulloch

and, where broken, fractures across the countics (Coord. M—14, P1. 1).

pebbles without distintegralion, although 7. Locality 205-T-113 on small branch 0.5
a few pebbles weather out by solution of a mile south of Leonard ranch house,
i P . M San Saba County (Cooird. S-15, P1. 1).
and can be picked up on the surface. The .

type section along the right-of-way is shown The conglomerate on the White ranch
in the accompanying table. outlier cbnsisis of chert cobbles one-fourth

Section north of new San Saba-Brady highway, 2% miles south of Hall, San Saba County
(Loc. 205-T=102; Coord. O-13, P1. 1).
THICKNESS
Feet Inches
Big Saline formation—
4. lLimestone, dark gray, crystalline, chert bearing; badly slumped, but fossiliferous
and containing Neospirifer cameratus (Morton) and other typical Marble
Falls fossils. Marginifera havdenensis Girty was collected 15 feet from the

base .. e e s N 18
3. Gibbons conglommate " dark gray, containing limestone and chert pebbles of
uniform size set in a matrix of coarse, pebbly sand _ L : R 1 2
Barnett formation —
2. Shale, mostly covered and forming a smooth, grassy slope 15

1. Limestone, dark gray. almost black, fossiliferous, containing Lemrh}nchus car-
boniferum Girty and other stsxssxppnn fossils and fairly well exposed in the
creek bottom . . . e e e o 1

Total thickness 35

3]

Since no fossils have been found imme- inch to 4 inches in diameter, angular and
diately underneath the conglomerate, one subangular, firmly cemented in a chert
cannot be positive that the conglomerate matrix. The cobbles are a mixture of
is actually at the base of the Big Saline, black, white, and gray chert, with the black,
but it is thought to be. older Matble Falls beds completely eroded

Other exposurcs where a thin conglom- away at this locality, and the white chert

crale occurs at the contact of the Big derived from the Ellenburger dolomite.

Saline and older beds are as follows: The conglomerate of the Shropshire
1. Doublehorn Creek valley between Fowler Lake locality (153-T-85) consists of
and Cox ranches and at road crossing ’ A
over Doublehorn Creek, east of Fowler elongate, calcareous nodules perhaps of

ranch house, Burnet County (Coord. algal origin, limestone cobbles, and water-

11-39, PL. 1). . . ) .
Road cut on )San Saba-Llano road 5 miles " OI% fossils, including  the {OI]O.ng
south of San Saba (Loc, 205-T-40; Coord. forms: Spirifer, Bellerophon, Allorisma,
W-17, PL 1). Bryoz d a few fusulinids—a f
3. Small gully northwest of large earthen tank, ry07oa? and a Tew tusulnids—a tauna
vorth of highway about 05 of a mile duite different from the one associated

cast of Lemons janch house, San Saba with the conglomerate pebbles in San

County (Coord. R-16, P1, 1). 3, 1 3 ¢
4. North side of Brady Creek on Session Saba County. The rock is cemented by a

ranch, 3 miles cast of Brady, McCulloch  silty, calcareous matrix which weathers in

County (Coord. J-17, PL 1). places o a rusty yellowish-brown color

5 Eagg):{};gtllvgy %frfg(’pﬁf&ilﬁsgﬁ’ 3(’;31111:; and is about 2 feet thick. The section at

(Loc. 153-T-85; Coord. J-17, PL 1). this place is as follows:

1o

Section of Big Saline strata near spillway at Shropshire Lake, 3 miles southeast of Brady, McCulloch
County (Loc. 153-T-85; Coord. J-17, PL 1).
THICKNESS
Feet Inches
Brook member (?)—
12. Limestone, gray, containing many fusulinids _ _ _ e e R 2
11. Shale (?}, covered by soil and grass I . . . oo 3
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THIGKNESS
Feet Inches

10. Limestone, dark gray, hard, smooth surfaces, fossiliferous, containing Euomphalus,

small gastropods, Zap.’nentzs, and bellerophom e e 1 6
9. Shale (?), covered by T e — 2
8. Limestone, dark gray, massive, “smooth sulfaced " unfossiliferous for the most part... 3
7. Shale (7), covered by grass I 5
6. Limestone, dense, hard, brittle, contains a few fossils and has a smooth surface.
The fossils are bellelophons and ammonites (?) _. e e J
5. Shale (?), covered o o e 4 6
4. Limestone, dark gray, suberystalline, dense, fosmhfei ons, contalmn,r: bell crophons,
nautiloids, etc., much jointed, weathering into 10unded nodules .. ... . .. 5 6
Gibbons conglomerate lentil—
3. Conglomerate, nodules and cobbles of black Marble Falls limcstone and many
algal or fuceidal (?) nodules set in a matrix of subcrystalline, nearly black
limestone, {ossiliferous, containing fucoids (?), Spirifer, Squamularia, echinoid
spines and plates, corals resembling Campophyllum, and other Marble Falls
fossils. The limestone is fairly soft and breaks into chips and small chunks,
It forms the sluiceway of the lake . . . . L . 3
Rarnett formation—
2. Shale, covered with soil B 2
1. Limestone, gray, oolitic. (ont:umng Iezmhynrhus and other I\’IISSIHGIDIJIdH fossils 1
Total thickness measured ... _ . e 33 6

The chert conglomerate on Doublehorn
Creck east of the Fowler ranch is made up
largely of chert and weathers to form a
gravel slope resembling a terrace. Most
of the Barnett is absent in this area, and
the chert gravel represents the basal layer
of the overlapping Big Saline formation.
The older rocks are uplified in a fault
block in this region. The section is shown
in the accompanying table.

resemble the limestone at the top of the
Barneti. Many water-worn. poorly pre-
served fossils, such as corals, Orthote’es,
Marginifera, crinoids, and others, similar
to forms in the Sloan, occur in the sandy
matrix between limestone cobbles. Some
of the sand is cemented into a hard rock
and contains veins of white calcite. The
conglomerate grades upward into a coarse,
Iimy sandstone layer which is about 1 foot

Section of lower Marble Falls strata southwest of Fowler 1anch house in valley of Doublehorn Cireek,
Burnet County (Coord. I1-39, PL 1).

Big Saline formation—

THICKNESS
Feet Inches

4. Limestone, gray, thin bedded, containing sponge spicules ... e e e 20

3. Shale, black, mostly covered, no fossils obtaine

d o 6

2. Gibhons conglomerate, derived largely from chert and in the form of chert

cobbles, 1 to 3 inches or more in size, may represent a disintegrated chert layer .

Ellenburger dolmnite—
1. Limestone, white, dolomitic, crystalline

Total thickness measured _

The most interesting exposure of the
basal glauconite sand and conglomerate is
in a sma]l branch one-hall mile south of
the Leonard ranch headquarters and about
900 feet west of the Leonard ranch-Berry
Springs road. It consists of a dark-gray,
coarse, fossililerous, glauconitic sand con-
taining a large number of subrounded
cobbles and pebbles from a small fraction
of an inch up to 10 inches in diameter.
The pebbles are black, subcrystalline
limestone, have a petroliferous odor, and

- 3
e 76 3

thick. The exposure of the conglomerate
lentil is about 30 feet long east and west,
1 foot thick at each end, and thickens to
4 feet in the middle. It grades laterally
into medium to coarse-grained sand.

The sand layer contains a few scattered,
coarse pebbles, is glauconilic, resembles
the sand forming the matrix for the con-
glomerate pebbles, and can be traced for
some distance along the valley side be-
tween the Barnelt and Big Saline forma-
tions. At one point just west of the con-
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glomerate exposure two sandstone dikes
apparently originating from the glauco-
nitic contact protrude 20 to 30 feet up into
the Marble Falls sirata. The dikes are
on each side of the valley, nearly opposite
each other, and may have been at one time
connecled, forming a single dike, although
there is no evidence to support this view.
The dike on the north side of the creek
is the larger. It is 34 feet high, 17 feet
wide, and 130 feet long. It weathers into
large spherical blocks or boulders 5 to
8 feet in diameter which roll down the
valley side or remain suspended upon the
top of the vertical ledge, making the dike
appear to have bheen built up in the form
of a wall of huge boulders. The dike on
the south bank is situated 60 feet east of
the other. It is 16 feet wide, 20 feet high,
and at least 100 feet long. It is almost
directly above and south of the conglom-
erate lentil described above. The material

between the Gibbons conglomerate leniil
and the Lemons Bluff member, where it
is present, and otherwise between the Gib-
bons conglomerate or older rocks and the
Soldiers Hole limestone beds. The mem-
ber extends from the mouth of Big Saline
Creek in Kimble County to Little Brady
Creek south of Rochelle in McCulloch
County where it pinches out against the
Ellenburger uplift southwest of Hall (Pl
1). The stratigraphic position of the
lentil is shown in Plate 9. In mosl places
the lentil consists of black, dense, sub-
crystalline, cherty, fossiliferous limestone
in beds 3 to 18 inches thick, and in some
places the limestone layers are inter-
bedded with dense black shale. It is char-
acterized everywhere by the presence of
Fusulinella primaeva (Skinner) which oc-
curs in most places in great numbers. A
typical section at the type locality near
Brook ranch is given below.

Section of the Birook lentil along abandoned highway 3% miles south and 1 mile cast of Brady and
% of a mile northwest of Brook ranch headquarters {Loc. 153-T-1; Coord. H-19, Pl 1).

partings .. ... .

Shale, black, soft, covered with soil .

e A&

Total thickness -

Shale, black or dark gray, weathered to caliche . .

THICKNESS
Feet
5. Limestone, black, hard, subcrystalline, occuriing in 3 or 4 layers 1 foot to 18
inches thick, and containing large numbers of minute fusulinids. Very numerous
turreted gastropods and many Bellerophon-like gastropods. The gastropods in
many places are silicified. The limestone layers are separated by shale
. 3t b
............................ 8
Limestone, black, hard, finely crystalline, fossiliferons . ... 1
Conglomerate, made up largely of casts of Bellerophon-like fossils, small chert
nodules and calcareous nodules in some places; contains minute fusulinids ... . 1to 2
22 to 25

of the dikes is exactly like that of the
sand at the contact of the Marble Falls
and Barnett but does not contain many
coarse pebbles, and it is thought that the
dikes were derived {rom the sandy por-
tion of the Gibbons conglomerale mem-
ber, having been squeezed upward into
the then soft marls of the Marble Falls
just as quicksand tends to flow when
pressed.

Brook lentil—The Brook lentil makes
up the basal layers of the Big Saline for-
mation in Kimble, Mason, and McCulloch
counties and contains Fusulinella primaeva
(Skinner) and in many places a charac-
teristic zone of small turreted gastropods
now being described and illustrated by
Dr. J. Brookes Knight. The beds occur

Aylor Bluff member.—The Aylor Bluff
member of the Big Saline formation oc-
curs in the area east of Cavern Ridge and
lies stratigraphically between fhe over-
lying Lemons Bluff member and the un-
derlying Sloan formation in the sections
where the Sloan formation is presenl. In
other places it intervenes between the
Lemons Bluff and Barnett or older strata
(P1. 9). Ii is thought to be ahout equiva-
lent in age to the Brook lentil beds of
McCulloch County but may be older, since
it differs from the Brook lentil beds in
texture and fossil content. The Aylor
Bluff beds are more massive, more
coarsely crystalline, thicker, and contain
more oolite, but do not contain the minute
fusulinids so characteristic of the beds
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of the Brook lentil. Aylor Bluff beds
extend somewhat intermittently from the
mouth of Brady Creek in San Saba County
to the big bend in Colorade River east
of the town of Bend. The member is
apparently thickest in the synclinal areas
and thins out on Kllenburger structural
ridges. It is probably present in the type
Marble Falls section at Marble Falls on
Colorado River, but its limits cannot be
easily recognized.

The Aylor Bluff member is typically a
light-gray, coarsely crystalline, somewhat
oolitic, massive, crinoidal, lenticular lime-
stone (Pl. 13A). Tt is less siliceous than
the Lemons Bluff beds ahove, thicker
bedded, more coarsely crystalline, and
contains less chert. The chert is lighter
colored, in many places gray or speckled
instead of black, and contains fewer fos-
sils and fewer Foraminifera. The fossils
in the limestone in most places are not
represenled by many species, but they are
large in size. They include large crinoid
stems, spirifers, productids, and large
globular colonies of the coral Chactetes.
In a few places, the limestone shows cross-
bedding, as if the calcium carbonate par-
ticles and fossil fragments had been built
up as a heap or reef, and that some of
the upper material had been washed off
the top and deposited in layers down an
inclined slope. These more massive, more
coarsely crystalline beds are apparently

separated from the Sloan beds below by
an unconformity. The lower surface of
the Big Saline formation is uneven. It
overlaps the Sloan beds and rests on Bar-
nett and in some places on Ellenburser
dolomite. In places, a thin, nodular con-
glomerate separates the Aylor Bluff and
older beds. In other places, the member
rests directly upon the black Sloan beds
without any marked change. The Aylor
Bluff member is quite variable in thick-
ness, thinning out altogether over anti-
clines and arches, and thickening in syn-
clinal areas. The conclusion is that warp-
ing of the strata took place after deposi-
tion of the Sloan formation, resulting in
erosion on the highlands, and that more
detrital calcium carbonate was washed
in or accumulated by accretion in the
lower, deeper areas. It may be, however,
that formerly the distribution of the Aylor
Bluff beds was more uniform and that
it has been removed by crosion on the
anticlinal areas before deposition of the
younger Lemons Bluff beds above. In the
section along Turkey Roost Creek these
massive Aylor Bluff beds thin, within half
a mile, from 60 feet or more to 6 feet
and are replaced by a thick, coarse lime-
stone conglomerate made up of large lime-
stone cobbles of Sloan aspect and con-
taining numerous Chaetetes colonies like
those found elsewhere in the Aylor Bluff
beds. A section of the member west of
Lemons Camp is as follows:

Section of the Aylor Bluff lentil at bluff on San Saba River west of Lemons Camp, San Seba County
(Coord. Q-17, PPL 1).

THICKNESS
Feet
3. Limestone, gray, weathering to light gray, fairly thin bedded. The beds are 2 to
6 inches thick and weather to small gray chips. The bedding planes are not 10

very distinct

2. Limestone, dark gray, weathering to light gray, chert bearing. The bedding
planes are not distinct, but the surfaces of the layers are mottled by algal

markings and contain numerous Chaetetes in the upper layers.

The beds

stand out as a vertical cliff. Two indistinct, intra-formational limestone con-

glomerate layers, spaced about 20 inches apart, may be observed on the face

of the cliff. They are 3 to 4 inches thick and made up of rounded limestone

pebbles %4 inch to 2 inches in diameter.._.____.__._____. 9
1. Limestone, dark gray, weathering to light gray, finely oolitic in texture, rather

massively bedded. The beds are 1 to 5 feet thick and contain a little gray

chert and a few fossils, Micheliniz and small crinoid stems. The layer appears

to overlap the chert-bearing beds below and to dip less steeply than the lower

strata showing cross-bedding in the cliff side.

exposed because of a small fault

The base of the ledge is not
- 20

Total thickness measured

............ 39
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South of the Bend-San Saba road cross-
ing on Rough Creek these coarscly crystal-
line, reef-like beds are 85 feet thick, and
the boltom is nol expossd. On Colorado
River in the thick seciion at Marble Falls,
the beds appear to be at least 120 feet
thick. In the section at Marble Falls,
however. the boundaries of the Big Saline
and other divisions arve difficult to recog-
nize. The best present interpretation is
shown in the columnar section (Pl. 9).

The fossils from the Aylor Bluff mem-
ber are in most places poorly preserved,
and but few collections are available. The
fossils which have been studied are com-
mon long-range brachiopods and large
bellerophons. These appear 1o be more
nearly related to the Big Saline fauna
than to the Sloan assemblage. It is pos-
sible that when more detailed and more
extensive collecting is done. the fauna
will prove these beds to be Sloan in age
and not Big Saline. But so far we have
not found any very typical Sloan fossils
in the few and small collections made
{rom the Aylor Bluff sirata. and the exact
age of the Aylor Bluff beds remains an
interesting problem.

Lemons Bluff member.—In the western
area the Lemons Bluff member occurs be-
tween the Brook Ilentil containing the
Fusulinella primacva (Skinner) zone of
minute fusulinids and the Soldiers Hole
lentil containing large fusulinids of the
type of Fusulina llanoensis Thomas. In
the eastern area the beds intervene between
the Aylor Bluff beds and DBrister Bluff
lentil. The member cxtends from Brook
ranch in McCulloch County eastward to
Indian Bluff in Lampasas County.

The Lemons Bluff beds consist of a
black, subcrystalline, uniformly bedded,
siliceous, cherl-bearing limesione, weath-
ering 1o yellowish- and grayish-brown
tints, and are made up in many places of
a great quantity of minute sponge spicules.
The layers are 2 to 12 inches thick (PL
10A) and are characterized by flat, smooth
surfaces, which yield in many places good
building blocks and flagstones and weather
to produce a lightweight siliceous rock.
The individual layers in many places are

scparated by thin partings of shaly lime-
stone, so that a cliff {ace weathers 1o give
the impression of a masonry wall, each
layer standing out in reliel. The most
characteristic feature of the Lemons Bluff
member is its high percentage of silica
due largely to its sponge spicule content.
Analyses of the rock indicate from 15 to
63 percent silica with a 20 or 40 percent
silica content common, making the rock
essentially a siliceous limestone. Over 200
analyses of the sirata from different levels
in typical sections have been made by
[. W. Walling. The resulls of the analyses
are shown graphically in Plate 9.

The Lemons Bluff contains in most
places a characteristic fauna. The best
index {ossils are Phaneroceras compressum
(Hyatt), Pharkidonotus, n. sp. (a large
noded gastropod belonging to the Bel-
lerophonidae), and Siraparolus savagei
Knight (a low-coiled, smooth-surfaced
gastropod). Other common fossils are:

Paralegoceras texanum (Shumard)

Spirifer rockymontanus Marcou

Neospirifer cameratus (Morton)

Neilsonia, n. sp.

Amphiscapha subquadrata (Meek and
Worthen)

Nuculana cf. N. bellistriata (Stevens)

The surfaces of the limestones in many
places are covered with impressions of
the common alga, Taonurus caudigalli
(Vanuxem).

This limestone member changes to shale
beds in Colorado River valley and out-
crops at McAnelly Bend and along Colo-
rado River bluffs west of Bend as shale
containing thin bands of dense black lime-
stone. Tere the member has long been
regarded by geologists as typical Smith-
wick shale, It varies in thickness from a
{ew [eet to 125 feet. IL overlies the Brook
beds unconformably in the western part
of the uplift and is thought to be uncon-
[ormably in contact with the Aylor Bluff
beds in the eastern part of the region. A
typical section measured along the bluffs
of Turkey Roost Creek on the Sloan ranch
is as follows:
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Section of Lemons Bluff member measured on bluffs of Turkey Roost Creek, Sloan ranch, San Saba
County (Coord. R-17, PL 1; fig. 13).

THICKNESS
Feet
Lemons Bluff heds—

6. Limestone, black, evenly bedded (beds are 6 to 12 inches thick), subcrystalline,
weathering to yellowish brown, siliceous, smooth surfaced, breaks into rec-
tangular blocks which make good building stone. Very siliceous, the rock
disintegrates upon weathering, where acid waters are present, to yield a
siliceous earth resembling tiipoli. Some layers contain much chert. The chert
is in the form of black nodules which weather to a reddish brown color with
black centers. Many chert nodules contain Foraminifera, which appear as
moulds producing tiny open cavities in the hard rock - S 25

5. Limestone, black, evenly bedded (beds are 2 to 3 feet thlck), cnnmdal, some
of the layers are made up of a mass of crinoidal fragments, small, very
numerous, and evenly distributed. Other layers are somewhat harder, thicker,
and are {ossiliferous, containing large bellerophons (Pharkidonotus, n. sp.),
large ammonoids (Phaneroceras compressum), Euomphalus, and spirifers . . 8

4, Limestone, black, cvenly bedded, resembling the layers above but containing
numerous large nautiloids 2

3. Limestone, black, subcrystalline, evenly bedded; the heds are 6 to 18 inches
thick and separated by shale or soft limestone partings 2 or more inches thick
so that on the cliff side each harder layer stands out conspicuously and can
casily be traced laterally. Most of the layers are unfossiliferons ... 30

2. Limestone, black, evenly bedded; the beds are thinner, averaging 4 inches, and
in places apparently grading into soft, gypsiferous shale which is generally
covered with talus 20

Gibbons conglomerate—
1. Conglomerate, light gray, weathering white, made up of a mass of well-rounded
limestone pebbles cemented in a limestone maitrix. The pebbles range in size
from 4 inch to 2% inches, averaging about 1 inch 3

Total thickness measured ... o 88

Section of Lemons Bluff limestone at Indian Bluff on Donalson Creek west of Lampasas, Lampasas
County (Loc. 142-T-12; Coord. 11-20, Pl. 1).

THICKNESS
Feet Inches

7. Limestone, pinkish brown, chert bearing, siliceous, thin bedded, weathers to light-

weight slabs 13 6
6. Limestone, gray, fossiliferous, contains crinoids, productids, and nodules 1 to 3
inches in size made up of oolitic grains 1

5. Limestone, gray, subcrystalline, thin bedded. The beds are %4 inch to 12 inches
thick and have smooth surfaces. Some layers are separated by soft shale part-
ings and break into thin slabs and chips; petroliferous and for the most part
unfossiliferous. The rock weathers to yellow and pinkish-brown, lightweight,
sponge spicule-bearing, siliceous slabs ... 43
4. Limestone, dark gray and black, suhcrystalline, thin to medium bedded; the
layers range from 1 to 22 inches thick and have wavy, uneven surfaces, mostly
unfossiliferous, The upper 9% fect contain blotches of black, organic masses
which may have originally been sponge or algal masses. The black nodules
give a mottled appearance to the surfaces of the layers so that they are locally
referred to as mottled beds 12 6
3. Limestone, black, subcrystalline, rough surfaced, chert bearing, forming a hard
ledge which crosses the creek and forms a sort of natural low-water bridge.

The ledge dips southeast at an angle of 30°..... 2 6
2. Limestone, black, subcrystalline, weathering to very rough nodular surfaces;
containing large nodules of dense black chert 2 to 11 inches in diameter ... __ 6

1. Limestone, dark gray, almost black, suberystalline, thin bedded; the beds range
from 2 to 6 inches in thickness and have smooth, wavy surfaces containing a
few fossils and some chert 6

Total thickness measured ... . 1O
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The stratigraphic relationship of the
Lemons Bluff member with the beds be-
low is unconformable. It thins by loss of
its lower layers against bioherms of the
Aylor Bluff member, is separated from
the Aylor Bluff member in places by
pebbles, nodules, or by banded spherulites
known as “algal biscuits,” that are de-
scribed elsewhere in this volume. It over-
laps on to the Sloan formation in places
and may or may not be separated from
the Sloan by a conglomerate of cobbles
largely derived from the Aylor Bluff beds.
In the western region it lies unconform-
ably upon the Brook lentil and in most
places is separated from it by a conglom-
erate of limestone pebbles, fossils, and
limestone: nodules.

The fauna of the Lemons Bluff beds is
large. Spirifers predominate, but in places
large gastropods belonging to the genus
Pharkidonotus are very common. Pro-
ductids are less common than in the lower
beds, yet hurriedly made collections some-
times yield more than a dozen specimens.
No fusulinids have been found as far as
known but pseudostaflellids and other Fora-
minifera are very common and have been
found at widely separated localities. The
best index fossil is Phaneroceras com-
pressum (Hyatt). Fortunately this fos-
sil is fairly common and has been col-
lected in the black limestones of this
upper member from Lampasas County line
on the east to 15 miles west of Mason on
the west. This fossil with its common
accompanying assemblage, namely, Spi-
rifer opimus Hall, Spirifer matheri Dun-
bar and Condra, Spirifer rockymontanus
Marcou, Pharkidonotus, n. sp., and Strap-
arolus savagei Knight, serves o distinguish
this member at once from the Sloan for-
mation. Several of the typical species
found in the Lemons member are shown
on Plate 14. Fossils of the Lemons Bluff
are listed below. Pelecypods are not in-
cluded. The corals have heen identified
by Moore and Jeffords (1915), the gas-
tropods by J. Brookes Knight, and the
Foraminifera by H. J. Plummer.

Most common species in the Lemons Bluff
member

Foraminifera—
Cribrostomum marblense H. J. Plummer
Peeudostaffella sp.
Millerella marblensis Thompson

Anthozoa—
Empodesma imulum Maore and Jeffords
Lophophyllidium extumidum Moore and Jef-
fords
Lophophyllidium idonium Moore and Jeffords
Paracaninia? sana Moore and Jeffords
Michelinia referta Moore and Jeffords
Striatopora religiosa Moore and Jeffords
Cladochonus texasensis Moore and Jeffords
Chaetetes favosus Moore and Jeffords
Brachiopoda—
Rhipodemella pecosii (Marcou)
Chonetes dominus R. H. King
Chonetina sp.
Paeckelmannia derelicta R. H, King
Horridonia bullata (Mather)
Horridonia globosa (Mather)
Gastropoda—
Pharkidonotus, n. sp.
Straparclus savagei Knight
Ammonoidea—
Phaneroceras compressum (Hyatt)
Paralegoceras texanum (Shumard)
Branneroceras brannert (Smith)
Arthoceratoidea—
Rayonnoceras, n. sp.
Nautiloidea—
Ephippioceras divisum (White and St. John)
Coloceras sp.
Metacoceras sp.
Endolobus conchiferus (Hyatt)
Titanoceras sp.
Titanoceras illinoisense (McChesney)
Solenochilus branneri A. K. Miller, Dunbar,
and Condra

The exact age and correlation of the
Lemons Bluff member with strata in other
regions is not yet fully established. It
contains many Morrow species, many of
which are longrange types and cannot
be used for correlation. On the other
hand, it contains few, if any, fossils which
are restricted to the Atoka of Oklahoma
or equivalent beds. Finally it contains
several interesting forms not yet found
either in the Morrow of Oklahoma and
Arkansas or in the Atoka; namely, Para-
legoceras texanum (Shumard), Phanero-
ceras compressum (Hyatt), Pharkidonotus,
n. sp., Straparolus savagei Knight, Rayon-
noceras sp., and others. The fact that it
overlies the Sloan formation, thought to
be upper Morrow, and overlaps the Brook
lentil with its well-developed fusulinids,
not known in the Morrow, appears 1o be
evidence that it is post-Morrow. It is
thought to be, however, somewhat older
than the Cherokee shale. The accompany-
ing table shows the fossils of the Lemons
Bluff beds, those that are common to the
lower members of the Marble Falls, and
those that occur in the Morrow of Okla-
homa and Arkansas.
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Stratigraphic range of the Lemons Bluff fauna

Lemons Bluff Fauna

Anthozoa

Empodesma imulum Moeore and Jeffords....
Lophophyllidium extumidum Moore and

Jeffords
Lophophyllidium idonium Moore and Jef-

fords
Paracaninia? sana Moore and Jeffords ...
Michelinia referta Moore and Jeffords.
Striatopora religiosa Moore and Jeffords._
Cladochonus texasensis Moore and Jeffords
Chaetetes favosus Moore and Jeffords .. ...

Brachiopoda

Rhipodomella pecosii (Marcou) .. . ...
Chonetes dominus R. H. King .. ...
Chonetina sp. ..
Paeckelmannia derelicta R. H, ng .
Horridonia bullata (Mather)
Horridonia globosa (Mather) ._
Cancrinella boonensis (Swallow)
Marginifera welleri (Mather) ... __
Marginifera haydenensis Girty ... _
Linoproductus platyumbonus Dunbar and
Condra J

dra oo
Avonia sublineata (Mather)
Pustula pusilla (Girty) ...
Buxtonia sp.
Echinoconchus semipunctatus (Shepard)
Dictyoclostus hermosanus (Girty) .. _
Dictyoclostus morrowensis (V[ather) ........
Leiorhynchus rockymontanum (Marcou) ...
Wellerella osagensis (Swallow)
Rhynchopora magnicosta Mather
Dielasma subspatulatum Weller .
Spirifer matheri Dunbar and Condra _
Spirifer oecidentalis Girty .. .
Spirifer opimus Hall
Spirifer rockymontanus Marcon
Neospirifer cameratus (Morton)
Neospiriler goreii (Mather) .
Composita ozarkana Mather .
Composita ovata Mather
Composita deflecta Mather .
Squamularia? perplexa (McChesney) ...

Pelecypoda
Solenomya, 1. Sp. .o
Solenomya subradiata Herrlck
Pleurophorus subcostatus Meek and
‘Worthen

Astarella varica McChesney ...
Leda bellistriata Stevens ... -
Posidonomya fracta Meek . ... ...
Posidonia sp.
Schizodus sp. .
Acanthopecten coloradoensis (Newberry) _
Aviculopecten, n. sp.
Aviculopecten coxanus Meek and Worthen
Allorisma terminale Hall _._ .
Allorisma costatum Meek and Worthen ..

Sloan,
Texas

Soldiers
Hole,
Texas

Morrow,
Oklahoma

Arkansas
Brent-

Hale wood Kessler
- X —
— ?
— X —
- X -
X X X
X X X

X X X
E K 7
X X X
— X —
X X X
- X X
o X X

X X X
X X X
. X -
X X X

X - —
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Stratigraphic range of the Lemons Bluff fauna (concluded)

Lemons Bluff Fauna Sloan,
Texas
Gastropoda™

Worthenia tabulata (Conrad) .. N x
Straparolus savagei Knight ... —

Straparolus, n. sp. _
Donaldina, sp. indet ... .o
Pharkidonotus, n. sp. oo x

Pharkidonotus percarinatus (Conrad) .
Cymatospira, n. sp.

Cephalopoda—Nautiloidea

Ephippioceras divisum (White and St.

John)
Coloceras sp., ...
Metacoceras sp. - oo
Endolobus conchiferus (Hyatt) __ _____
Titanoceras sp. ... _
Titanoceras illinoisense (McChesney) . ___ -

Solenochilus branneri A. K. Miller, Dun- —
bar, and Condra .

Cephalopoda—Ammonoidea

Phaneroceras compressum (Hyart) ... —

Paralegoceras texanum (Shumard) .
Branneroceras branneri (Smith)

Cephalopoda—Orthoceratoidea
Rayonnoceras, n. sp. oo

*All gastropods identified by J. Birookes Knight,

Only 10 species of the 70 identified
from the Lemons Bluff member occur in
the Sloan beds, 19 in the Soldiers Hole
member, 14 in the Morrow of Oklahoma,
9 in the Hale, and 15 in the Brentwood
of Arkansas, and 11 have been reported
from the Kessler. Probably a somewhat
larger number occurs in the Atoka of
Oklahoma and Arkansas, but the fauna
of the Atoka is not sufficiently well known
at present to make worthwhile com-
parisons.

Soldiers Hole lentil—The Soldiers Hole
lentil is a massive reef-like series of lime-
stone beds which form the upper lavers
of the Big Saline formation in Kimble,
Mason, and McCulloch counties and are
characterized by large fusulinids having
the general aspect of Fusulina llanoensis
Thomas and by globular colonies of
Chactetes. The lentil exiends from Big
Saline Creek in Kimble County to the
Ellenburger ridges south of Hall near the
San Saba-McCulloch County line. The
limestone is everywhere coarsely crystal-
line, crinoidal, and in many places oolilic.

Arkansas
Soldiers
Hole, Morrow, Brent-
Texas Oklahoma Hale wood Kessler
X
_ ?
X —
?
x ? -

The lentil is massively bedded and in
places shows few bedding planes and
everywhere is generally much lighter col-
ored than the thin-bedded Lemons Bluff
beds below. It conlains much less chert,
and the chert nodules where present are
generally lighter in color than typical
chert from the other members of the Big
Saline. It is thought that this lentil or
series of lentils represents a series of
accumulations of deirital material in the
upper part of the Marble Falls group of
beds and that this facies should be thought
of as a series of rather rapidly deposited
reef-like accumulations of coarse and fine
calcareous materials consisting of oolite,
crinoid detritus, coral masses, etc. The
lentils, because of their coarse texture and
oolitic conlent, are in most places porous
and permeable and constitute water-bear-
ing and oil-bearing horizons in areas
where the rock is beneath the surlace.
Sections showing stratigraphic relations
and thicknesses of the Soldiers Hole lentil
are shown in the columnar sections (PL
9) and in the accompanying table.
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Section measured at Onion Creek between Richards ranch 1oad crossing and the iron bridge on the
road between Sweden School and Satuit at Soldiers Hole 6 miles east and 2% miles north of Brady
(Coord. K~-15, PL. 1).

THICKNESS
Feet Inches

Soldiers Hole lentil—

6. Limestone, licht gray, almost white, massively hedded, crystalline, containing
large {usulinids, corals, crinoid stems, and a few productids and many fairly
large colonies of Chaetetes. The lower ledge is somewhat harder than the
upper ledges; about 4 feet thick and strongly mottled with dark gray, almost
black blotches S - 28

Lemons Bluff heds—

5. Limestone, dark gray, almost black, weathering hrownish huff and reddish buff;
occurs in layers 6 to 40 inches thick separated by conspicuous bedding planes
that permit it to hreak easily into building blocks and flagstones. The lime-
stone is quite siliceous, contains large quantities of sponge spicules and
numerous, fairly well-preserved fossils among which Pharkidonotus and large
productids are most common_ ... . S 30

Brook lentil—
4. Limestone, Iight gray, hard, poorly bedded; the beds 1 to 2 feet thick, finely

oolitic . . . . 5 6
3. Limestone, hard massive, poorlv hedded, (-1ysta]11no, fO‘-‘G]IIfPI‘OlIS, contains nu-

merous small fusulinids identified as Fusulinella primaeva (Skinner) ._ _ . . 4
2. Limestone, hard, black, poorly crystalline, containing numerous small, high- splred

gastropods . 1

1. Shale, containing 2 or 3 layers of thin, ferruginous, nodular limestone and many
Jimestone nodules of irregular shape 1 to 6 inches in diameter; in places quite

fossiliferous but generally poorly exposed and covered by grass. ... _. LS|
Total thickness measured .. S .98 6
The fauna of the Soldiers Hole member Chonetes dominus R. H. King

is shown in the following list. and several Horridonia globosa (Mather)
Marginifera gallatinensis (Girty)

chararteristic species are shown on Plate Marginifera havdenensis Girty

14. The corals are identified by Moore Marginifera welleri (Mather)

and Jeffords (1945), the gastropods by Linopreductus sp.

J. Brookes Knight, the Foraminifera by leifroductus platyumbonus Dunbar and Con-
H. J. Plummer. y

Dictyoclostus morvowensis (Mather)
Fossils from the Soldiers Hole member Spirifer matheri Dunbar and Condra

Svirifer opimus Hall
Foraminifera— Spirifer rockymontanus Marcon

Fusulina llanoensis Thomas

Cribrostomum marhlense H, J. Plummer

Endothyranella armstrongi subsp. sohrina H. J.
Plummer

Endothyra distensa H. J. Plummer

Polvtaxis scutella (Cushman and Waters)

Bradyina sp.

Anthozoa—

Lophaphyllidium extumidam Moore and Jef-
fords

Amplexocarinia corrugata (Mather)

Pseudozaphrentoides lepidus Moore and Jeffords

Psfendozaphrentoides spatiosus Moore and Jef-
ords

Rodophyllum texanum Moore and Jeffords

Neokoninckophyllum simplex Moore and Jef-
{ords

Neokoninckophyllum gracile Moore and Jeffords

Michelinia latebrosa Moore and Jefiords

Chaetetes eximius Moore and Jeffords

Chactetes subtilis Moore and Jeffords

Chaetetes {avosus Moore and Jeffords

Brachiopoda—
Orthotetes robusta (Hall)
Orthotetes kaskaskiensis (McChesney)

Neospirifer cameratus (Morton)
Neospirifer goreii (Mather)
Punctosnirifer transversa (McChesney)
Composita ozarkana Mather
Composita elongata Dunbhar and Condra
Composita trilohata Dunhar and Condra
Composita gibbosa Mather
Composita wasatchensis Mather
Cleiothviidina orbicularis (McChesney)
Schizophoria resupinoides (Cox)
Roemerella sp.
Pelecypoda—
Allorisma costatum Meek and Worthen
Allorisma terminale Hall
Solenomya subradiata Herrick
Castropoda—
Euphemites, sp. indet.
Orthonychia, n. sp.
Mourlonia, n. sp.
Pharkidonotus, n. sp.
Ammonoideca—
Pronarites llanoensis Plummer and Scott

Brister Bluff lentil—Coarsely crystal-
line, crinoidal, and oolitic limestones over-
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lie the Lemons Bluff member in synclinal
areas in Lampasas and San Saba counties
(PL. 9). The strata are particularly well
exposed in the upper part of the bluffs
at Rough Creek near the crossing of the
Bend-San Saba highway. These upper
beds have the same large fossils, the same
Chaetetes colonies, the same general ap-
pearance, and occur at the same strati-
graphic positions as the Soldiers Hole
limestone in McCulloch County; but
strange to say, so {ar no large fusulinids
have been found in them. One cannot,

the blotches have the shape of fucoids and
look like flattened, bent, or curved broken
pieces of large twigs. Still others are
simply elongate blotches (Pl. 10B). These
peculiar structures are thought by some
to owe their dark color to disintegrated
sponge masses and by others to marine
algae. Similar mottled limestone occurs
in the Soldiers Hole lentil and possibly
at other horizons in the Big Saline forma-
tion. A description of the type section of
the Brister Bluff lentil at Rough Creek is
included below.

Section of Marble Falls formation at Rough Creek crossing on Bend-San Saba road, from mouth
of Pool Branch to top of escarpment north of highway, San Saba County (Loc. 205-T-16; Coord.

AA-16, PL 1),

Brister Bluff lentil—

THICKNESS
Feet Inches

8. Limestone, white, massively bedded, weathers to large blocks and boulders which

cap the top of the bluff; contains large crinoid stems, echinoid spines, large,

nodular colonies of Chaetetes

20

Lemons Bluff member—

7. Limestone, black, suberystalline, weathering yellow, thin bedded;
in some places by thin partings of shale.
inches thick and have wavy nodular surfaces.

heds separated
The limestone beds are 8 to 10
The limestone, especially in the

lower beds, is fossiliferous, contains large linoproductids, crinoids, spirifers,

chonetids, and bryozoans.

gastropods and a few specimens of Pharkidonotus, n. sp. .

Aylor Bluff member—
6.

Limestone, dark gray, cherty, mottled, algal, suberystalline, brittle.
Some of the chert nodules are distinctly

black and gray, nonfossiliferous.

The upper layer contains numerous small turreted

................................... 43
The chert is

banded. The ledge forms a steep side of the cliff, and its top makes a promi-
nent bench along the east side of the bluff which is on the north side of the

mouth of Pool Branch

-1

5. Limestone, dark gray, weathering light gray, very cherty, extends to top of cliff,
and upper surface forms a south-facing point on a prominent cliff north of

Pool Branch

Limestone, dark gray, thin bedded

Branch

Limestone, gray, massive, forms middle portlon of bluff north of mouth of Pool

psen

Limestone, thin bedded. The heds are about 1 inch thick and weather to form a

prominent recess near the base of the bluff north of mouth of Pool Branch __ 1
1. Limestone, massive, weathers into small, rough chips and has a rough surface

somewhat brecciated; forms prominent bluff crossing Pool Branch and having

the appearance of a fault scarp. Contains at least one band of dense black,

nodular chert.
and chonetids ___

1t is fossiliferous and contains large crinoid stems, productids,

.......... - 24

Total thickness measured .. e

therefore, be certain that they are exactly

the same age as the Soldiers Hole lentil.

One of the most striking features of
the Brister Bluff beds is the presence of
layers of limestone 3 to 10 feet or more
thick having a distinctive mottled appear-
ance. The markings consist of irregular-
shaped black blotches 1 inch to 6 inches
in size scattered through and over the
surfaces of the limestone ledges. Some of

s 6
The fossils of the Brister Bluff lentil

have not been collected or studied in
detail. In general, the brachiopods and
corals appear o be quite similar to those
collected and identified from the Soldiers
Hole lentil. No fusulinids, however, have
been found and Bryozoa are more com-
mon. The Bryozoa were all collected from
the north blufl of Rough Creek ahove the
Lemons Bluff member one-fourth of a
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mile downstream from the San Saba-Bend
road crossing at locality 105-T-118. A
list of bryozoans identified from the lentil
by M. K. Elias is given below:

Bryozoa from Brister Bluff lentil
(identified by M. K. Elias)

Fenestella stabilis Elias, n. gp. (MS.)

Fenestella cf. cingulata Ulrich

Fenestella sp.

Phyllopora, n. sp., afl. cribrosa Mather

Septopora aff. crebripora Mather

Rhombopora cf. lepidodendroides

Sulcoretepora (Cystodictya) aff. occellata
Ulrich

Sulcoretepora (Cystodictya) aff. lophodes
Condra

Sulcoretepora, n. sp.

Prismopora parvipora Elias, n. sp. (MS.)

Amplexopora aff. cingulata Ulrich

Polypora (Polyporella), n. sp.2

ALocation in stratigraphic seotion is in some doubt.

Distinguishing characters of members of
Big Saline formation.—The chert in the
Aylor Bluff beds is less fossiliferous,
lighter colored, and in many places more
speckled than that in the Lemons Bluff
beds above. This speckled character, in
which little, irregular gray or black
blotches occur on a nearly white mass, is
a criterion for distinguishing the Aylor
Bluff member of the Big Saline. Another
criterion for distinguishing the Aylor Bluff
member is its oolitic content. Lentils and
beds rich in oolites occur in many sections
in this bed. The oolites are tiny, averaging
0.05 to 0.1 mm. in diameler, thin-walled,
and have concentric structure when ob-
served in cross section. In general, also,
the Aylor Bluff member is more coarsely
crystalline and has a much higher content
of crinoid fragments, fewer sponge spic-
ules, and less chert than the Lemons Bluff
beds. The Lemons Bluff member is dis-
tinguished by its high silica content. The
Sloan formation resembles the Lemons
Bluff member of the Big Saline in its
thin sections but generally has fewer
sponge spicules, more productid spines,
more large fossils, and fewer Foraminif-
era. The Brook member is distinguished
by its minute fusulinids; the Soldiers Hole
member is distinguished by its large fusu-
linids. As far as known, fusulinids do not
occur in the Sloan or Lemons Bluff beds,
but a Pseudostaffella-like form occurs in
the Lemons Bluff. In many places, much

black chert and some glauconite occur at
the base of the Aylor Blufl member. The
Soldiers Hole lentil is distinguished by
its fossils, Fusulina llanoensis Thomas and
Fusulina, n. sp.

Paleontology of the Big Saline forma-

tion.—Large colonies of Chaetetes, large
long-range brachiopods, Neospirifer came-
ratus (Morton), Dictyoclostus morrowen-
sis (Mather), Linoproductus platyum-
bonus Dunbar and Condra, and Schizo-
phoria resupinoides (Cox) are most com-
mon and can be found mixed with frag-
ments of large crinoid stems at almost any
locality. Pelecypods and gasiropods are
rare. Fusulinids, especially Fusulinae llano-
ensis Thomas, are common in nearly all
exposures of the Soldiers Hole lentil west
of the San Saba-McCulloch County line,
but absent as far as known east of Me-
Culloch County. All the brachiopods
found in the Big Saline and most of the
other fossils except the fusulinids and
Bryozoa occur in greatest abundance in
the Lemons Bluff member. It is thought
that an unconformity exists in the section
east of McCulloch County and that either
the Fusulinella primacva-bearing strata
were not deposited or else deposited, ele-
valed relatively, and removed by erosion
before the overlying black Lemons Blufl
beds were laid down. On King Branch and
along Turkey Roost Creek on Sloan ranch
in western San Saba County, the Lemons
Bluff beds lie directly upon the Sloan heds
or are separated by a lenticular layer of
coarse cobble conglomerate containing
Chaetetes and other fossils similar to those
in the Aylor Bluff member. A preliminary
list of the Big Saline fauna as a whole is
given in the accompanying list, and a few
of the typical species are shown on
Plate 12,

The corals have been identified by
Moore and Jeffords (1945) ; the fusulinids
by N. L. Thomas (1931), Skinner (1931),
Thompson (1942-A), and Dunbar (per-
sonal communication) ; the gastropods by
J. Brookes Knight; and the Foraminifera
by Helen J. Plummer. Occurrences of
fossils in the Marble Falls group, by lo-
calities, are presented in chart 3 (in
the pocket).
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Comparison of the faunas of the Big Saline and Sloan formations of Marble Falls group and the
occurrence of the same species in correlative formations north and northeast of Texas.

Avkansas
Sloan, Morrow,
Big Saline Fauna Texas  Oklahoma Hale Brentwood Kessler
Foraminifera
Fusulina llanoensis Thomas ~ —
Cribrostomum marblense H. J. Plummer x* - X _—
Millerella marblensis Thompson ...  _. o e X -

Anthozoa

Lophophyllidium extumidum Moore and Jeffords.  __. —
Amplexocarinia corrugata (Mather) . . .
Pseudozaphrentoides lepidus Moore and ]effords —
Pseudozaphrentoides spatiosus Moore and Jeffords  _. — — - —
Rodophyllum texanum Moore and Jeffords . ..  __. — —
Neokoninckophyllum simplex Moore and Jeffords — _. — . — —
Neokoninckophvllum gracile Moore and Jeffords
Michelinia latebrosa Moore and Jeffords ... x
Chaetetes eximius Moore and Jeffords
Chaetetes favosus Moore and Jeffords
Chaetetes subtilis Moore and Jeffords

Brachiopoda
Orthotetes robusta (Hall) X x x x
Orthotetes kaskaskiensis (McChesney) ... I — —_
Chonetes dominus R. H. King . - — - —

Horridonia globosa (Mather) _ . 0x x x x
Marginifera gallatinensis (Girty) . . ? X X —
Marginifera haydenensis Girty ... __ -
Marginifera welleri Mather X X X x

Linoproductus sp. . -
Linoproductus platyumbonus Dunbar and Condra . .

Dictyoclostus morrowensis (Mather) __ X X X X x
Spirifer matheri Dunbar and Condra — .- — —-
Spirifer onimus Hall . .  ___ __ X X X X X
Spirifer rockymontanus Marcoun - X x x x
Neospirifer cameratus (Morton) — - i .
Neospivifer goreii (Mather) .. .. § x . x X
Punctosnirifer transversa (McChesney) ... . x x x X
Composita ozarkana Mather . o x X
Composita elongata Dunbar and Condra X e - —
Composita trilobata Dunbar and Condra - - — —
Composita gibbosa Mather . X x x x
Composita wasatchensis Mather . _ -
Cleiothyridina orhicularis (McChesney) _ . . x — — —
Schizophoria resupinoides (Cox) . . . __ x X X X
Roemerella sp.
Pelecypoda
Allorisma costatum Meek and Worthen . - .
Allorisma terminale Hall _ — o — —
Solenomya subradiata Herrick ... __ - — e —
Gastropoda

Euphemites, sp. indet. x x X
Straparclus, n. sp , ? B
Orthonychia, n. sp. X X X

Mourlonia, n. sp. s
Pharkidonotus, n. sp. —

Cephalopoda
Pronorites llanoensis Plummer and Scott ...

*Morrow of Kansas.
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It will be noted from this list of Big
Saline fossils that 2 corals out of 11,
12 brachiopods out of 24, and 1
foraminifer also occur in the Morrow.
It is also evident, however, that all these
forms are long-range species which com-
monly occur in all three members of the
Morrow, at least five of them occur in the
Sloan below, and some occur in the Atoka
group above. The fact that the Big Saline
formation contains fossils unknown in the
Morrow and many forms known in the
Atoka and also in the Cherokee shales
which overlie the Morrow group in Okla-
homa indicates that at least part of the
sirata of the Big Saline are younger than
Morrow. They have been placed in the
Lampasas® division of the Pennsylvanian
by Cheney (1940) and by Moore and Jef-
fords (1945). On the other hand, the
ammonites in the Lemons Bluff member
of the Big Saline appear to be somewhat
older than the Atoka and more closely re-
lated to the ammonoid fauna in the Kessler
limestone in southern Oklahoma thought
by Decker” and Morgan (1924) to be in
the Wapanucka. The best index fossils in
the Big Saline beds are thought to be
Pronorites llanoensis Plummer and Scott,
Fusulinella  primaeve  (Skinner), and
Millerella  marblensis Thompson. Of
these Pronorites Hanoensis occurs in the
Atoka, Fusulinella primaeva or a similar
form occurs in the Derryan of New Mex-
ico in sirata thought to be younger than
the Morrow, and Millerella marblensis is
found in the Morrow of Arkansas and
Oklahoma, but the exact range of this
fusulinid in adjacent regions is unknown:
it probably ranges throughout the Atoka,
Derryan, and Morrow.

OUse of the term “Lampasas” to designate a division of
the Pottsville in Texas is unfortunate, First, the type
locality 1s desienated by Chenev as the outerups along the
western botder of Lampasas County, The western border of
the county is Colorade River, The Colorado River exposures
are the type locality for the Bend so long used by Texas
geologists to signifly a division of Pennsylvanian strata. Im-
mediately west of the river and forming a part of the border
region occur thick beds of alluvium and shales and sand-
stones of Strawn rge. Four-fifths of Lampasas County is
covered with Lower Cretaceous. The picluresque city of
Lampisas s situated in t'e midst of the heautiful ent plain
of the lower Comanc! can strata made famous by the excellent
descriptions of R T. Hill When any Toxas geolomst hears
the woird “Lampasas” be immediately thinks of Cretaceous
prairics with their wide-open spaces. If a major division of
the Pottav lle 1s necessary the word Derryan, Atokan, or
Bendian is much to be peferied These words signify
Pennsylvanian  Lampasas significs Cretaccous,

7Personal communication to the author,

The following list gives the more im-
portant f{ossil localities in the Big Saline
formation. They are arranged according
to the different members of the formation.

Fossil Localities

Breok Lentil

153-T—-1 (1-19, Pl 1) —McCulloch County,
3.75 miles south of Brady courthouse and west
of a bhridee across branch on the old Brady-
Mason highway now abandened. It is rcached by
taking the new Brady-Mason highway and driv-
ing south a distance of 4.75 miles from Brady
courthouse to the road leading east to Brook
ranch. Drive down the Brook ranch road 0.3
of a mile to the old Brady-Mason highway, then
walk or drive north on the old road 0.7 of a mile
to an old abandoned iron bridge. The fossils are
in the limestone outcrop on the west side of the
bridge. This is a rather famous old locality
where fossils were collected by Schuchert and
which have been illustrated by Dunhar and
Condra (1932).

153-T-85 (J-17, PL 1).—McCullech
County, 3 miles east and 1.5 miles south of Brady
courthouse. It is reached by taking the old,
southernmost Brady-Rochelle road, going due east
from the north side of the courthouse square,
following a main road going east to Brady Creek,
crosging Brady Creek, and coniinuing east a dis-
tance of 2.6 miles from the courthouse; then
turning due south and traveling 2 miles to the
south end of Shropshire Lake. The fossils occur
in the limestone west of the spillway.

153-T-134 (1-19, Pl. 1).=—McCulloch
County, 4% miles south and 1%4 miles east of
Brady courthouse near top of ridge on west side
of old Brady-Mason road 0.3 of a mile south of
the old concrete bridge across the creek ahout
0.6 of a mile northwest of Brook ranch head-
quarters. It is reached by taking the new Brady-
Mason highway and driving south a distance of
4.75 miles from Brady courthouse on a road
leading east to Brook ranch. Drive down the
Brook ranch road 0.3 of a mile to the old Brady-
Mason highway. Then walk or drive north on
the old highway a distance of 0.4 of a mile to
the top of the ridge. The fossils are in a lime-
stone outcrop along the edge of the road. Small
gastropods occur in great numbers and can be
etched out of the rock with hydrochloric acid.
This is the type locality from which the gastro-
pods described by J. Brookes Knight were
collected.

Lemons Bluff Member

141-T—4 (I1-20, P1. 1).—Lampasas County,
4 miles west and 1.5 miles south of Lampasas.
It is reached by taking the Lampasas-Nix road,
traveling a distance of 3 miles west of Lampasas
and turning due south on the road to Espeyville
and Naiuna. Follow the road a distance of 2
miles; then take the left fork to the south of an
old stone house at the fork of the roads and
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travel 0.9 of a mile to a house and windmill.
Turn off sharply south to a dim pasture road
leading to the Hollinbeck ranch and drive down
the secondary ranch road a distance of about
0.8 of a mile to Espey Creek; then either walk
down the creek or drive down the secondary
road along the side of the creek to the Marble
Falls outcrop. The fossils occur in the lower
layer of the Marble Falls limestones exposed
along the banks and in the bed of the creck.
Several large nautiloids have been collected here.

159-T-11 (H-35, Pl 1).—Mason County,
1.5 miles west and 1.3 miles south of White’s
Crossing on Llano River. It is reached by tak-
ing the White’s ranch road west from White’s
Crossing a distance of 1.9 miles on a rather dim
ranch road leading due south; fellow this ranch
road south a distance of about 1.6 miles to Bee
Branch, the second branch to be crossed on this
rough road. The fossils are plentiful in the
limestone outcropping in the branch.

205-T-1 (BB-18, PL. 1).—San Saba County,
0.9 of a mile southwest of Bend on the right
bank of Colorado River. It is reached by taking
the San Saba-Bend road from Bend and travel-
ing a distance of 0.8 of a mile; then turn
abruptly to the right and travel down to the
flat Marble Falls ledges which slope down to
the river. The fossils are in the black shale at
the water’s edge. Some trilobites occur in the
limestone at the contact with the upper black
shale layers.

205--T-46 (V-15, PL 1).—San Saba County,
3.5 miles west and 1.25 miles south of the San
Saba courthouse. Tt is reached by taking the
San Saba-Brady road and turning off at the road
fork, a distance of 2.5 miles; then taking the
south fork and traveling on the San Saba-Wallace
Creek road a distance of 1.25 miles to Flat
Branch and walking south a distance of 0.2 of
a mile from the bridge to a cut in an old aban-
doned road, The fossils occur in black, shaly
limestone and shale which is believed to be at
the Marhle Falls-Smithwick contact.

205-T-59 (W-15, PL. 1).—San Saba County,
quarry in southeast edge of town of San Saba
southwest of San Saba Springs. It is reached
by taking the San Saba-Chappel road from the
courthouse square and driving southeast to the
last street running east to the ecast edge of the
city limits north of San Saba Springs and driv-
ing east to the quarry which is a prominent pit
in the Marble Falls limestone. The fossils are
in a thin black shale parting in the bottom of
the quarry, hetween the Lemons Bluff and Aylor
Blufl members. It is uncertain to which mem-
ber the shale belongs.

205-T-67 (S—-15, Pl 1).—San Saba County,
2.5 miles south and 3 miles west of Algerita on
the north bank of San Saba River. It is reached
by taking the San Saba-Brady road to Algerita,
traveling 2.25 miles, and turning due south to
Leonard’s ranch. Then follow the road south
again 0.25 of a mile to a road fork and turn
southeast, proceeding 0.6 of a mile to the Ellis

Crossing on San Saba River. The fossils are in
the limestone and shale breaks along the bluff
just west of the road crossing. The locality can
also be reached by taking the San Saba-Brady
road to Ilarkeyville, turning south on the San
Saba-Sloan Cemmunity road, and traveling a dis-
tance of 8 miles to Ellis ranch road. Finally,
turn due north on the Ellis ranch road to the
river and ford over to the north side. The cross-
ing is difficult and somewhat dangerous when
the river is high.

205-T-75 (U-16, Pl 1).—San Saba County,
6.5 miles west and 2 miles south of San Saba, or
1.75 miles west and one-quarter of a mile north
of Wallace Creck School. It is reached by tak-
ing the San Saba-Brady road, traveling a distance
of 2.5 miles from the courthouse, and turning
southwest on the San Saba-Wallace Creek road.
Follow the road 2.5 miles southwest, turn west
for a distance of 1 mile, and then go southwest
on the old San Saba-Mason road about 1.8 miles
from Wallace Creek bridge. The fossils are on
the north side of the creek in a low bluff of
black shale and thin black limestones about 300
feet north of the road. The lithology and fauna
are very similar to the locality on Colorado River,
1 mile west of Bend.

205-T-116 (BB-19, Pl 1).—San Saba
County, 2.1 miles south and 2 miles west of the
town of Bend at the top of the bluffs on the east
bank of Cherokee Creek. Tt is reached by tak-
ing the Bend-Chappel road to the second cross-
ing of Cherokee Creek, then stopping on the
north side of the creek and walking down the
east bank a distance of about one-third of a mile,
The best collection is in the upper thin layers
of the limestone south of an east-west fence.

205-T-117 (AA-19, Pl. 1).—San Saba
County, 0.3 of a mile north and 0.25 of a mile
west of the schoolhouse at Chappel. It is
vreached by taking the Chappel-San Saba road
to the road fork about 0.25 of a mile west of
Chappel schoolhouse and walking up the hill to
the first limestone outcrop which dips steeply
east. The fossils are in the first limestone Jayer
on the north side of the road. The ledges here
contain large numbers of the fusulinid Pseudo-
staffella sp.

Soldiers Hole Lentil

134-T-2 (D-35, Pl 1).—Kimble County,
3.25 miles east and 3.5 miles south of London,
at the mouth of Big Saline Creek on the north
hank of Llano River. It is reached by taking the
London-Junction road and traveling 0.7 of a mile
southwest from the center of London, on a road
running due south past the cemetery. Go 0.5 of
a mile to a road corner, then turn cast 1 mile
to the second road corner and ranch gate. Pro-
cced east throngh the gate and follow Pfuger
ranch road east across Saline Creek and south-
east to Pfluger ranch house. The locality is on
the north bank of Llano River, on the east side
of Big Saline Creek, 0.3 of a mile due south of
the old ranch house. The best fossils have heen
collected from a prominent shale break in the
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face of the limestone bluff. This is the type
locality of the Big Saline member.

134--T-6 (C-34, PL 1).—Kimble County,
2.5 miles south and 2 miles east of London near
the base of the bluff on the south side of Big
Saline Creek, 0.3 of a mile north and 0.2 of a
mile west of the north goat sheds and windmill
on Morgan ranch. It is reached by taking the
London-Junction road and traveling southwest
0.7 of a mile, then taking the road due south
by the cemetery a distance of 0.5 of a mile to
a road coiner, turning east and going 1 mile
to a second road corner, and then turning due
south on the road to Morgan ranch. The Mor-
gan ranch headquarters are 1 mile south of the
road corner. Go by the ranch house and south-
east on a secondary ranch road; take all road
forks leading to the left and travel a distance
of 1.75 miles to the goat shed and windmill,
then go due north down a small branch 0.3 of
a mi]<§ to Big Saline Creek. Walk up the creek
0.2 of a mile along the steep bluff, The best
fossils were obtained in a shale break near the
base of the bluff. The locality can also be
reached by following the directions given for
134-T-2, proceeding to Pfluger ranch house,
and then walking up Big Saline Creek a dis-
tance of 2 miles. The trip up Big Saline canyon
is long but very interesting as there are fine
fossiliferous exposures aleng the canyon.

134-T-22 (D-32, PL 1).—Kimble County,
3.6 miles south and 0.3 of a mile west of Erna.
It is reached by taking the Mason-London road
to Erna, a small hamlet on the Mason-Menard
County line. Travel due south on the Erna-
Eckert ranch road 4 miles to the L. B. Eckert
windmill, then walk due west across the pastures
0.6 of a mile, following a small west fork of
Cedar Creek at the wire fence between the
Eckert and Slater pastures. The fossils are in
the white limestone in the creek bed beneath
and near the fence line. The fossils are numerous
and rather well preserved.

153-T-40 (M-14, Pl 1).—McCulloch
County, 2,75 miles east and 1.5 miles south of
Rochelle in Little Brady Creek, 0.25 of a mile
east of Smith ranch house. It is reached by
taking the road going southeast from Rochelle
to Rochelle cemetery a distance of about 2 miles.
Then go due south 0.7 of a mile to a road cor-
ner, turn due east, and follow the road exactly
1 mile. Then continue east on a rather poor
ranch road to the Smith ranch headquarters a
distance of 0.4 of a mile from the last road
corner, and walk east 0.2 of a mile to Little
Brady Creek. The locality is in the limestone
ledge in the bottom and along the sides of the
creek, This is the easternmost locality from
which the Fusulina llanoensis Thomas has been
collected.

153-T-77 (1-18, Pl 1) .—McCulloch County,
about 2 miles south and 2 miles east of Brady
courthouse on the south side of Brady Creek.
It is reached by taking the Brady-Voca road and
traveling southeast from Brady courthouse a dis-
tance of 3.5 miles to where the road changes

from the southeast direction to a nearly east
direction; then walk north 0.6 of a mile along
an east-facing Marble Falls escarpment and east
0.2 of a mile to a rather pronounced, small,
isolated hill about 700 feet south of Brady Creek.
The {fossils ocour in shales around the foot of
the slope on the cone-shaped hill.

159-T-1 (1-33, Pl 1).—Mason County, 4.5
miles south and 4.75 miles west of Mason court-
house. It is reached by taking the Mason-White's
Crossing road to Honey Creek, a distance of
about 8 miles from Mason courthouse, then walk-
ing up the creck 0.2 of a mile to the Ellenburger-
Barnett contact. The fossils oceur in the lime-
stones in the bottom and along the banks of
the creek especially on the east side. The
lower ledges containing the fusulinids are thought
to be in the Big Saline member. The upper
yellow ledges near the road are in the Lemons
Bluff member.

Brister Bluff Lentil

141-T-15 (JJ-20, Pl. 1).—Lampasas
County, three-fourths of a mile west and 1%
miles south of Lampasas, On the banks and in
the north bed of a small creek beneath an
electric power high line and near an old rail-
road right-of-way in gray limestone above the
Lemons Bluff beds.

205-T-118 (AA-17, PL 1).—San Saba
Cotinty, south of San Saba about one-fourth of
2 mile due east of San Saba-Bend road crossing
on Rough Creek and 4% miles in a siraight
line due northwest of Bend. The fossils are in
the limestone on the north side of Rough Creek
opposite Holland Spring cascade. The fossils
occur in the light-gray layers of the Brister
Bluff member above the yellow limestone beds
of the Lemons Bluff member. Bryozoa are con-
spicuous.

SMITHWICK IFORMATION

Historical account.~—The Smithwick for-
mation was named by Sidney Paige (1911)
for the old town of Smithwick in Burnet
County. The formation was defined by
him to include the black shales and len-
ticular sandstone strata exposed in the
Burnet quadrangle between the Marble
Falls formation and overlying Cretaceous
deposits east of Marble Falls. He desig-
nated lhe type locality as the exposures
along Colorado River southwest of old
Smithwick (Pl 15A) situated on the north
bank of Colorado River at Smithwick
Bend, 2.1 miles southwest of the present
town of that name. The locality was the
site of an old mill and two-story stone
building, built by Noah Smithwick in
1857. During 50 years, this historic old
building was used as a general store and
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for Masonic Lodge meetings, although the
mill had long since disappeared. In 1940,
due to the rise of the waters in Lake
Travis, the building was abandoned.

Shale is exposed along Wall Bluff on
the south side of the river west of Smith-
wick Bend. It rests unconformably upon
an eroded surfacc of the Marble Ialls
limestone at the mouth of Doublehorn
Creck and dips eastward at an angle of
3 to 5 degrees for a distance ol nearly
half a mile, as shown in the cross section,
Plate 16, and photographs, Plate 15. This
excellent exposure of nearly 600 feet of
conlinuous section is within the area sub-
merged by the waters of Lake Travis back
of Mansfield ({ormerly Marshall Ford)
dam, so that this splendid locality has been
partially drowned.

Since the work of Paige, the name
Smithwick has been used in the publica-
tions of Udden, Baker, and Bése (1916,
p- 43), Girty (1909, p. 71), Moore (1919,
p. 217), Plummer and Moore (1922, p.
55), Sellards (1935, p. 101), and Cheney
(1940, p. 80) to distinguish the black
shale beds above the Marble Falls forma-
tion and below the sandstones and sandy
shales of the Sirawn group (Middle
Pennsylvanian). Cheney (1940, pp. 66,
80) recently proposed changing the rank
from formation to group and including it
in his Lampasas series.

The Smithwick formation, as now de-
fined, at the type locality includes the
strala above the Brister Bluff lentil and
Lemons Bluff beds with their abundance
of sponge spicules and typical Bendian
{auna and below typical Strawn beds car-
rying a Des Moines fauna. Through west
and central San Saba County, it includes
all the shale below the Strawn group and
above the black Marble Falls limestone.
In eastern San Saba County near Bend,
the basal Smithwick is 60 feet above the
top of the limestone, and the base is
marked by the first appearance of the
coral Hadrophyllum aplatum Cummins,
now named Cumminsia aplata (Cummins)

by Moore and Jeffords.

Extent and thickness—The oulcrop of
the Smithwick formation is shown on the
map (Pl. 1). It is best exposed on the
southeast side of the region along the
Colorado River bluffs and on the north

side of the region in Cherokee, San Saba,
and Wallace Creek valleys, and near Long
Valley. It appears lo be absent in outcrop
in McCulloch County wesl of Long Valley
and west of Rochelle. Around Brady it is
overlapped by Strawn and Canyon beds. It
is present in Honey Creek valley southwest
of Mason and possibly in Kimble County
southeast of London. In the subsurface,
it is thought to be present in most wells
drilled north of the region, except per-
haps in some of the holes drilled on top
of the highest structures. No Smithwick
has been found, for example, on the struc-
ture southwest of Lampasas. Its thickness
varies from a few feet to 600 feet (Pl. 16).
It has been stated by Jones (1929) and
others that the Smithwick thickens mark-
edly in subsurface sections east and north-
east of the region. At least some of the
apparent thickening probably is due to
change in facies of the Marble Falls from
limestone Lo shale east of the region. Fur-
thermore some of the thick shale sections
in wells may include Strawn shales re-
sembling Smithwick. The shale is thickest
in the structural synclines and thinnest on
the anticlines and buried ridges. It ap-
pears that deformation and fauliing of the
Carboniferous strata in this region com-
menced hefore the end of Marble Falls
time and that the Smithwick accumulated
in greater amounls in the troughs and
grabens during and following the deforma-
tion. The shales overlap on to the buried
ridges and around the rim of the troughs
exemplified by Cherokee Valley and Long
Valley. In several places. the transgres-
sion of black shale strata is marked by
an angular unconformity and basal con-
glomerate.

Lithology.—The Smithwick shale is a
black, fissile, siliceous shale that in most
places is unfossiliferous but at a few
places contains an ammonoid and gastro-
pod fauna quite unlike the Sloan fauna,
somewhat similar to the Big Saline fauna,
and quite similar to that of the Atoka
formation of Oklahoma. At the type lo-
cality on Colorado River the shale near
its base contains Ambocoelia, Lingula,
Orbiculoidea, and other minute fossils,
Above, the formation consists of a thick
section of black, soft, slightly ferruginous
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and gypsiferous, unfossiliferous shale con-
taining thin lentils of firmly cemented,
hard siltstone, displaying on its bedding
surfaces, impressions of plant leaves,
stems, animal tracks, and trails. Southwest
of Bend along the Colorado River bluffs
in San Saba County, the lower few feet
of beds of the Smithwick are fossiliferous,
soft, very thinly laminated, black shale.
These are overlain by mnonfossiliferous
shale containing at the top thin, hard beds
of siltstone 2 to 12 inches thick, marked
by tracks and trails. In Wallace Creek
valley southwest of San Saba (Pl 15B),
the shale is dense, black, soft, and con-
tains numerous ferruginous concretions
bui less silistone. Three miles east of

Rochelle, along the bluff east of the
Rochelle conglomerate escarpment, the
soft black shale contains many limonite
concretions and is quite {ossiliferous. The
fauna is characterized by the well-known
ammonoid  Gastrioceras  smithwickense
Plummer and Scott. Along Honey Creek
southwest of Mason, south of the highway,
the shale is black, fissile, ferruginous, and
the lower 50 feet are fossiliferous. The
upper layers are covered largely by gravel
from a stream deposit, and no siltstones
have been observed.

The accompanying sections give other de-
tails concerning typical exposures of this
formation.

Section of Smithwick formation along Colorado River at its type locality west of Smithwick,
measured from Marble Falls limestone outcrop on Wall 1anch eastward to river bank opposite

old Smithwick (Coord, JJ-38, Pl 1).

THICKNESS
Feet

7. Sandstone, brownish gray, hard, calcareous, uniformly grained, evenly bedded,

occurs in beds 10 to 12 inches thick; weathers out into large slabs which are
piled up on the surface by the flood waters of Colorado River in a conspicuous
rock pile and which would furnish an excellent building stone. The surfaces
of the dlabs are ripple marked. The ripples are mostly of the type of stream
current ripples, but some slabs show beautiful wave ripples. The beds dip
east about 14 degrees and occur in overlapping layers. The total thickness is
difficult to measure because of the rock-pile covering. It is at least 30 feet
and may be as much as 42 feet thick. The bed appears to thicken eastward
toward the fault and to thin out into a thin ledge of 3 feet, or less, to the
WESL e

6. Shale, grayish black, soft, silty, weathers to greenish-gray color, and contains

some thin siltstone layels 1 inch or less thick. The exposure for the most part
is covered by Colorado River terrace gravel and slump blocks of the overlying
sandstone, and soil . _

Sandstone, brownish gray, in places yellowish gray, streaked and stamed w1th
brown and black ferruginous material, uniformly grained, fairly even textured,
calcareous, hard, much jointed. Some areas weather to rough, rounded surfaces;
other areas break inte blocks and slabs. The surface of the slahs shows current
markings and very commonly casts of clay balls. Some surfaces are covered
with rounded pits 2 to 3 inches in diameter and colored with ferruginous
stains, One slab shows indistinet ripple marks of the river-current type. Other
surfaces show the characteristic plant stems(?) and worm(?) markings so
common in Smithwick sand layers. The sandstone has slumped down the soft
shale slope in great blocks. The most characteristic feature of the sandstone
is the intricate joint lines, many of which have been filled with calcareous
veinlets, The thickness of the sandstone varies [rom 18 or 20 fect at the east
to 0 at the west. The slump blocks near the middle of the lentil vary from
3 to 6 feet in thickness. Average estimated thickness .

4. Conglomerate, the lower slab of the sandstone lentil is composed of brown,

ferruginous conglomerate. The layer is made up of pebbles and cobhbles of
siltstone and sandstone and ferruginous concretions derived from the Smith-
wick along with a few banded cheit pebbles of unknown origin and a few
pebbles from the Ellenburger. The pebbles are rounded and subangular. The
smaller pebbles, which are most numerous, average 14 to % of an inch. Larger
ones are 1% to 2 inches. The average thickness is

3. Shale, black, weathering greenish gray, soft, silty, beautlfully lammated con-

taining a few thin limonite seams a fraction of an inch in thickness and a
few limonite concretions. In places the shale shows cross-bedding

30

30-+

140
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THICKNESS
Feet

2. Sandstone lentil, small siltstone lentil 4 feet thick and 50 feet long, thinning at
each end. Hard, calcareous, fine-grained sand, almost a silt, containing many
imptessions of plant stems, broken by many cracks and joints; dips east about 6° 13
1. Shale, coal-black, fissile, hard, splintery, unfossiliferous except at very base where
one or two small gastropods have been collected, much jointed, but containing
no concretions. It rests apparently conformably wpon Marble Falls limestone.
The upper surface of the limestone is uneven, showing solution cavities and has

a brown oxidized color appearing to have been weathered before the shale was

deposited

Total thickness measured

Subdivisions—The Smithwick shale has
not been subdivided into members. The
lower 50 to 75 feet of the Smithwick con-
tains marine fossils and was certainly laid
down in marine waters. The upper por-
tion appears to have been deposited in
shallow littoral waters where fine silts
were spread over the black mud and where
ripple marks and tracks of marine ani-
mals and plants could be preserved and
fossilized. Three facies in the Smithwick
sediments can be recognized as follows:

Siltstone facies
Fissile black shale facies
Conglomerate facies

The conglomerate is found between the
black shale and Marble Falls limestone
where upper black shale overlaps on to
anticlinal structures and buried ridges.
The black shale facies is the normal
facies and occurs in most places where
the Smithwick formation outcrops. The
siltstone facies occurs mnear the top of
the formation, rarely near the middle, and
represents, it is thought, a shallowing of
the Smithwick sea toward the end of the
Smithwick epoch.

Microscopic characteristics.—The Smith-
wick shale is generally a rather hard,
brittle, subcrystalline, siliceous shale con-
sisting of the following minute mineral
grains: montmorillonite, kaolinite, chlo-
rite, mica, quartz, limonite, pyrite, and
organic material. Most of the particles are
less than 0.002 mm. in diameter and can
be identified only by petrographic meth-
ods. The shale grades upward into some-
what more silty, more ferruginous, and
more calcareous shale containing the
lentils of siltstone.

Distinguishing  features—The Smith-
wick shale is distinguished from the black
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shale of the Marble Falls formation be-
low and the blue-gray shales of the Strawn
group above by the following criteria:

1. The Smithwick contains no hard limestone
beds and may contain lentils and more or
less continuous layers of hard siltstone. The
siltstone is harder and less friable than the
sandstones of the Strawn. The surfaces of
the hard siltstones are covered by numerous
tracks of marine animals, and impressions
of plants. The Strawn sandstones are
coarser, have less smooth surfaces, and
much fewer and less well-preserved organic
markings.

2. The shale layers from the Strawn are
softer, disintegrate more quickly in water,
and are more calcareous.

3. The Smithwick in places contains rather
large, brick-red ferrnginous concretions,
some of which are pseudomorphous prob-
ably after marcasite or pyrite. The Strawn
shale in places contains small, hard limonite
concretions commonly called ironstones, but
rarely contains the red concretions.

4. The Smithwick is generally blacker, more
fissile, and contains a larger proportion of
organic matter, more silica, and less of
calcium carbonate than the Strawn shales.

5. The fossils of the Smithwick, where present,
are distinctive, and such forms as Cumminsia
aplata (Cammins), Gastrioceras smithwick-
ense Plummer and Scott, and Paeckelman-
nia derelicta R. H. King enable one to
distinguish the Smithwick easily from the
Marble Falls or Strawn.

Paleontology.—The fauna of the Smith-
wick is less well known than that of almost
any other Carboniferous formation in the
Midcontinent. With the exception of the
ammonoids (Plummer and Scott, 1937),
chonetids (R. H. King, 1938), crinoids
(Moore and Plummer, 1940), and corals
(Moore and Jeffords, 1945), no detailed
paleontologic studies have been under-
taken, and many of the species are new
to science. The fauna in general is that
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which belongs in a black carbonaceous
shale facies. Large gastropods (bellero-
phons, euomphalids, and others) and
pelecypods  (Nuculana, Yoldia, and
others) predominate; brachiopods are in
the minority; ammonoids, many preserved
as pyrile or hematile casts, are found at
a few localities. The greater part of the
shale section is barren of mollusks or other
animal remains. A few of the species are
shown on Plate 7.

Two different fossil assemblages occur
within the Smithwick formation. Both are
found within 75 feet of the top of the
Marble Falls limestone. The two assem-
blages, however, have never been found
in the same section, and since the Smith-
wick sediments transgress and overlap on
to structural ridges of older rock, the
lower beds ol Smithwick shale in different
sections do not represent the same age.
Accordingly these two different assem-
blages undoubtedly are from different
zones and represent different periods of
deposition. They are as [ollows:

1. Cumminsie aplata zone.—Found in the
lower part of the Smithwick shale across
northern San Saba County, occurring at
0 to =25 fecet ahove the Marble Falls,

2. Gastrioceras smithwickense zone, which has
been found at only a few localities and is
thought to belong, when present, at about
50 to 75 fcet above the base of the for-
mation. Jt occurs at Bend on Colorado
River and at a locality 3 miles east of
Rochelle in McCulloch County at a hori-
zon thought to be about 50 feet ahove the
top of the Marble Talls {formation. Un-
{ortunately exposures in the Smithwick
are gencrally poor, and fossils from this
7one are rare.

The accompanying chart presents ithe
Smithwick specics by localities, and the
most typical of these are shown in Plate
17. The list is incomplete but will serve
to give a fair idea of the character of
the fauna. Final and more comprehen
sive studies will add many new species
and may change markedly the interpreta-
tion and correlations based on these pre-
liminary studies. The corals have been
identified by Moore and Jeffords (1945),
and the gasiropods by J. Brookes Knight.

Fossil Localities

The more important fossil localities
from which the Smithwick fauna has been
collecled are listed helow:

27-T-7 (JJ-38, Pl. 1).—Buinet County, 6

miles southeast of Marble Falls on the south
bank of Colorado River, 1.75 miles east of
Doublehorn School. It is reached by taking the
highway south from Marble Falls, turning east
1.5 niles south of the Marble Falls hridge. then
turning east again 0.9 of a mile south of the
road fork and 0.1 of a mile south of Flat Rock
Creek, Drive to Doublehorn School, and con-
tinue sonthwest from Doublehorn School a dis-
tance of 2.5 miles to Rockvale Church; travel 1
mile southeast of Rockvale Church to a gate and
pasture road leading north a distance of 3 miles
to Colorado River. The locality is on the south
bank of the river at the contact of Smithwick
and Marble Falls Himestone. The locality prob-
ably will be covered by the water of Mansfield
dam (Marshall Ford) reservoir (Lake Travis)
when the 1eservoir is full.

153~-T-6 (M-14, PL 1) —McCulloch County,
3.5 miles due east of Rochelle, 0.9 of a mile
south of Rochelle-San Saba highway. I is
reached by driving east on the Rochelle-San
Saba highway 3.5 miles to a gate and a road
leading south from the point where the highway
curves northward; drive 0.5 of a mile down the
pasture road, then walk south along the north-
south fence line a distance of 0.4 of a mile. The
locality is about 500 fect cast of the fence in
shale exposures at the south end of a rather
steep blufl capped with gravel,

159-T-92 (I-33, PL 1).—Mason County, 7
miles sonthwest of Mason on the south bank of
Honey Creek, 2,000 feet south of locality 159—
T-23. Tt is reached by walking down the creek
2,000 feet south of the White’s Crossing road to
the point where the creek turns abruptly south-
west, The locality is in shale on the south bank
of the creek.

159-T-23 (I-33, PL 1).—Mason County,
7 miles sonthwest of Mason on the south side of
White’s Crossing road at Honey Creek. It is
reached by taking the Mason-White’s Crossing
road and driving a distance of 7 miles to Honey
Creek. The locality is in black shale at the
watcr’s edge at the south edge of the road, just
south of the concrete slab.

159-T-24 (I-33, Pl 1).—Mason County,
8 miles southwest of Mason and 0.5 of a mile
northeast of White’s Crossing, It is reached by
taking the Mason-White’s Crossing road and
driving 8.5 miles to a point where Honey Creek
cuis closely to the south side of the highway,
then walking down Honey Creck about 0.1 of
a mile to the prominent exposure of bluck Smith-
wick shale at the curve in the creek. The fossils
are in the shale on the west side of the strcam
near the base of the exposure.
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Chart 4. Distribution of Smithwick species at several localities in central Texas.
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205-T—-1 (BB-18, Pl 1).—San Saba County,
0.8 mile southwest of the town of Bend on the
bluffs on Colorado River, about 60 feet above
the water level. It is reached hy taking the
San Saba-Bend road to Bend, coming back 0.8
mile on the same road, and traveling along the
water’s edge at the base of the steep north-facing
shale bluff. The fossils occur in the black shale
along the bluff about 60 feet above the water.
The shale at the base of the bluff and limestone
outcrop along the water's edge is Marble Falls
in age. Some of the best fossils occur in con-
cretions; some are found loose in the bottoms of
small gullies.

205-T~13 (BB-18, PL 1).—San Saha
County, 1.25 miles southwest of Bend in gullies
on the east side of the Bend-Chappel road. Tt
is reached by taking the Bend-San Saba road
from Bend, traveling a distance of 1.2 miles,
then turning south at the fork and traveling on
the Chappel road, a distance of about 0.1 of a
mile. The fossils occur in gullies on the east
side of the highway. This is the type locality
for several of the Smithwick species.

205-T-14 (AA-18, Pl 1).—San Saba
County, 1.75 miles west, 0.5 of a mile north of
Bend, and about one-third of a mile east of
Bend-San Saba road. It is reached by taking
the Bend-San Saba road from Bend for 3.5 miles
and turning east through a gate on the road
leading to the river. The locality is in gullies
on the south side of the road about 0.5 of a
mile from the gate.

205-T-50 (S-15, PL. 1).—San Saba County,
10.25 miles west, 1.75 miles south of San Sabha,
and 0.75 of a mile due east of Sloan School. It
is reached by taking the San Saba-Brady road
to Harkeyville, then turning southwest on the
Sloan Community road and traveling southwest
a distance of 8.5 miles to a point 0.5 of a mile
north of Sloan School. Then turn through a
pasture gate, drive southeast 0.75 of a mile, and
turn abruptly east over a rather dim winding
road leading to a tank, a distance of 0.5 of a
mile. The locality is in shale on the southwest
edge of the tank on the Ellis ranch.

205-T-71 (Q-15, Pl 1).—San Saba County,
6.5 miles south and 3 miles west of Richland
Springs. It is reached hy taking the Richland
Springs-Maxwell Crossing road 8 miles to a
point where the road turns abruptly east, going
through a gate and driving due west along the
fence 0.75 of a mile to a sink and water tank,
on Gibbons ranch. The fossils are in shale along
the edge of the tank.

205-T—-76 (8-15, Pl 1).—San Saba County,
4.5 miles southwest of Algerita on the west side
of the San Saba-Sloan Community road, 0.5
miles north of the Sloan School. It is reached
by taking the San Saba-Sloan Community road
to Slean School then going back 0.5 of a mile.
The fossils are in gullies on the west side of the
road, between the road and the old cemetery
known as Ellis cemetery.

205-T-79 (S-14, Pl 1).—San Saba County,
4.5 miles southeast of Richland Springs and 3
miles west and 0.5 of a mile south of Algerita,
1.5 miles north of Leonard’s ranch. It is reached
by taking the Algerita-Leonard ranch road to
Leonard ranch, taking the old north road from
Leonard ranch to Dry Creek and traveling a
distance of 1.3 miles north of the ranch house,
then walking or driving one-third of a mile due
east through the ranch to a branch of Dry Creek.
The fossils are in gullies excavated near the
head of the branch. This is one of the best
localities for collecting the coral Cumminsia
aplate (Cummins).

STRAWN GROUP

Historical account.—The term Strawn
was first used by Dumble (1891) to de-
note the coal-bearing beds in Brazos River
valley in the vicinity of Strawn and Gor-
don, Palo Pinto County. Equivalent beds
in Colorado River valley were designated
Milburn. Dumble’s classification of the
Pennsylvanian strata was as follows:

COLORADO RIVER VALLEY BRAZOS RIVER VALLEY

Cisco series
Ranger series
Strawn series
Gordon sandstone

Waldrip series
Brownwood series
Milburn series
Richland sandstones

Cummins (1891, p. 374) more clearly de-
fined the Strawn series to include the
strata between the base of the coal seam
east of the town of Strawn and the lime-
stone series west of Strawn, replaced the
term Gordon by Millsap, and stated in-
correctly that the Millsap division was
missing in the Colorado River valley sec-
tion. Drake (1893, p. 371) did not recog-
nize Dumble’s Milburn and Richland
divisions but referred all the Pennsyl-
vanian strata east of the Rochelle con-
glomerate and below the Travis Peak
{Cretaceous) formation to the Strawn di-
vision. He then proceeded to divide this
division into 20 members or beds and
mapped each of these subdivisions. Plum-
mer and Moore (1922, p. 61) and Sellards
(1933, p. 105) followed Drake’s classifi-
cation. No detailed maps of the Strawn
group of beds in Colorado River valley
have been published since the work of
Drake 50 years ago. Cheney (1940, pp.
66 and 97) has restricted the Strawn to
include the strata in the Brazos Valley
between the Salesville shale and the
Smithwick shale, changed the rank of the
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division from group to series, and reclassi-
fied the subdivisions in the Brazos Valley
to give them the rank of formations. The
equivalents of this new division and for-
mation were not defined by him for the
Colorado River wvalley region because

markedly to the north and northeast due
to a steep north dip of the underlying
Smithwick strata toward the Mineral Wells
geosyncline. Some thicknesses of the
Strawn are furnished in the accompanying

table.

Thickness of Strawn strata in wells drilled along the outcrop in northern San Saba County

Farm Location Type of Record Thickness
Feet
Winkler ... . 1% miles from north and 4 miles from west county Well log 630
line
Moore .o 9,240 feet from Nelin and 2,200 feet from west Well log 215

line of Hernandez survey and 7 miles northeast

of San Saba

Mooreo. ... miles northeast of San Saba on Hernandez Well log 435
survey

Cummings 3 miles west of Regency and 3 miles northeast of Well log 395
Locker

Shaw.—or 2 miles north of Locker Well log 450

Heatherly. .. . 17% miles novthwest of San Saba and 2% miles Well log 275

southeast of Bowser
Blackard ... 2 miles south of Bowser

changes in lithology and absence of fos-
sils make correlation of the individual

beds difficult.

Extent and thickness—Since the present
reporl is concerned mainly with the Car-
boniferous strata below the Strawn in the
Llano region, a study of the Strawn group
as a whole and its many subdivisions will
pot be considered and no attempt made
to establish new units. It is proposed to
doseribe only those sirata outcropping
south of Colorado River and to use as
far as possible the nomenclature estab-
lished by Drake.

Beds of Strawn age border the north
side of the Llano region, immediately
north of the Smithwick outcrop (map, PJ.
1) and extend along the valley of Colo-
rado River from the Cretaceous cuesta on
the east to a point about 5 miles east of
the town of Brady on the west. Every-
where they are separated by a marked
unconformity from the Smithwick below,
overlap toward the south on to the more
steeply inclined older strata of Smith-
wick age, in some places cover completely
the black shales and rest upon an eroded
surface of the Marble Falls limestone.
Because of this unconformity, the thick-
ness of the Strawn strata varies greatly
from place to place. They are thinnest
along the southern border and thicken

Well log 290

The strike and dip of the Strawn beds
do not correspond to those of Smithwick
and Marble Falls. On the north side of
the uplift across San Saba County, the
regional dip of the Smithwick and Marble
Falls formation is toward the north and
northeast at an average angle ol about 4°,
The Strawn strata, on the other hand, in
Colorado River valley strike north and
south and dip west at an angle of about
3°. This strike conlinues southward south
of the river to a point about 1 mile or less
{rom the southern boundary of the Strawn
outcrop, and there the divection of strike
turns abruptly west following the contour
of the regional structure of the Marble

Falls limestone (PL. 1).

Lithology.—The Strawn strata south of
Colorado River comprise alternating lay-
ers of bluish-gray and dark-gray, sandy
shale and coarse-grained, soft, friable,
calcareous sandstones. In some places,
the sandstones are massive and show little
bedding; in other places, they are highly
cross-bedded, indicating littoral and del-
taic origin. In other places, they are quite
thin bedded and contain impressions of
planis, tracks and trails of shallow-water
organisms, and rarely a few marine fos-
sils. Some layers are highly ferruginous;
at least one stratum is beautifully banded
with orange, red, and pastel shades. Most
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layers are quite {riable, porous, permeable,
and conlain water. At depth, however,
the water in many places is mineralized
and is nol potable. The shales are soft,
in many places poorly laminated, some-
what jointed, sandy and siliy, and contain
very few large fossils, although Foraminif-
era are rather consistemly present in vary-
ing sbundance. The Strawn sediments
appear to have been deposited rapidly in
shallow seas, in lagoons, and even on mud
flats above the sirand line. Mud cracks
and river ripples are very common in the
thin interbedded sandstone and shale lay-
ers. In a very few places the shales are
lossiliferous, but the specimens are poorly
preserved. Many of the shale layers con-
tain yellowish-brown concretions of lime-
nite ranging in size from a fraction of an
inch to 5 inches. In several places thin
layers of limestone conglomerate occur.
One of these is located 0.15 of a mile easi
of Colony School, San Saba County (Co-
ord. AA-16), and may be referred to as
the Colony Bchool conglomerate. N is a
basal conglomerate and occurs at the con-
tact of the Strawn and Marhle Falls lime-
stone. The layer is about I foot thick and
is made up of well-rounded pebbles rang-
ing from the sizc of large sand grains to
an inch in diametler and sel in a matrix
of reddish-brown sand, resembling the
sandstone of the Strawn layers above. Most
of the larger pebbles are derived from the
Marble Falls limestone. Another locality
is on the west side of the Lometa-Bend road
53 miles by road south of the Lometa-
San Saba highway. This layer is an inira-
formational conglomerate, 6 to 8 inches
thick in a bed of Strawn shale. The layer
is made up of pebbles of Marble Falls
limestone, evidently derived from a rocky
foreland and washed oui some distance
into the muddy bottoms. The pebbles are
one-fourth to 1% inches in size, are sub-
rounded, and are mixed with a few brachio-
pods, crinoid stems, and Bryozoa. Such
conglomerale layers are very local in ex-
tenl. The following sections will furnish
other details of the stratigraphy of this
interesting series of beds.

Section of Strawn sandstone along Colorade
River below Shadiick Mill east of railroad bridge
over Colorado River, Mills Couniy (Drake, 1893,
p. 377) (Coord. AA—13, PL 1).

THICKNESS
Feet
29. Shaly sandstone .coo..... . 5
28. Massive sandstone _. .. ... .. 2
27. Shaly sandstone ... 3
26, Magssive sandstong ... - ... 2

25. Clay .. Y%
24. Massive sandstone
23. Shaly clay and dark-blue sand-
stone ... . ..

Sandstone
. Flaggy sandstone
. Sandstone ...
. Smooth, flaggy sandstone -
Massive sandstone _ ..
. Massive sandstone ... ... .. .
Massive sandstone - —
Shaly sandstone . .. ..

. Massive sandstone
Massive sandstone

2
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12. Shaly sandstone .

11. Massive sandstonc .. ..

10. Massive sandstone . ... .. 1
9. Massive sandstone .. I
8. Flaggy sandstone __. -
7. Massive sandstone ... ... ...
6. Massive sandstone

5. Massive sandstone ... ... .
4. Shaly and massive sandstone

3. Clay e e
2. Massive sandstone ... ........
1. Flaggy sandstone—-layers varymg

from 3 to 6 inches _ _. 15

120%

Total thickness ... _

Section of basal Strawn along Big Uncle Creek
1% miles west of Richland Springs, San Saba
County (Coord. Q-11, PL 1).

THICKNESS
Feet
Strawn—

6. Sandstone, brownish gray, thick

bedded, friable, hard .. 12
5. @andstone, maylsh brown, thin
bhedded, calcareous, weathers
to form thin flagstones, fine
grained, fossililerous, evenly

laminated; contains in its lower
4 feet thin fossiliferous layers
containing crinoids, spirifers,
and much glauconite. The lower
layer contains a few black peb-
bles. Most characteristic fea-
ture is its uniformly thin bed-
ding 15
4. Sandstone, ycllowlsh gl'ly, soft
{riable, thin bedded, glauconitie,
{ossiliferous, breaks into thin
plates . e 10
3. Shale, greenish gray, exposed in
clay pit and contains a 1-foot
layer of pebble conglomerate.... 5
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THICKNESS
Feet
2. Shale, gray, soft, containing many
iron coneretions but no fossils . 5

Marble Falls—

1. Limestone, black, thin bedded,
fossiliferous ol ?
Total thickness 47

Subdivisions.—Drake (1893, p. 374)
divided the Strawn strata into 20 beds on
the basis of lithology as follows:

20. Ricker bed

19. Antelope Creek bed
18, Indian Creek bed
17. Comanche Creek bed
16. Wilbarger Creek bed
15. Buffalo Creek hed
14. Rough Creek bed

13. Hanna Valley bed
12. Cottonwood Creek bed
11. Spring Creek bed
10, Brown Creek bed
Big Valley bed

Bull Creek bed
Horse Creek bed
Fox Ford bed

Bed No. 8

Shadrick Mill bed
Elliott Creek bed
Burnt Branch bed
Lynch Creek bed

HNWE N NEO

The first bed is predominatingly shale;
the second, sand; the third, shale; and so
on up to the 20th bed at the top, which
is made up of sandstones and conglom-
erates. It is now known that most of the
sandstone layers are quite lenticular, play
out laterally, and are replaced by another
lentil higher or lower in the section, so
that detailed mapping by modern methods
of all Drake’s units is quite difficult, if
not impossible. It is probably better, for
the present ai least, to describe these rather
complex strata as a single unit and map
them as a single formation with lenticular
members until some better mode of sub-
division and correlation is devised.

Textural and mineralogical characteris-
tics—The texture of the Strawn strata is
much coarser than that of the Smithwick.
The sand grains in the sandstone layers
are coarser, less angular, and less firmly
cemented, and the shales contain more
silt and fine sand. The following screen
analyses show the textural characteristics
of several representative samples:

Size analyses of grains of Strawn sand in percent

by weight
(Analysis by Joe Moore, 1942)

Size of grains Locality 1 Locality 2

Millimeters Percent  Percent
Larger than 0.495 ... . 0.1 0.3
0.495-0.351 ... . 04 2.4
0.351-0.246 . 28 19.0
0.246-0.175 26.8 50.1
0.175-0.124 . 38.4 20.1
0.124-0.088 .. . 16 3.6
0.088-0.061 . ~. 54 0.9
Smaller than 0.061 .95 3.9
Iron carbonate ... Ll 11

Locality 1. Bend-Lometa road one-half mile
south of Cretaceous-Pennsylvanian contact and 6
miles south of Lometa-San Saba highway.

Locality 2. San Saba-Bend road, south side of
road, near Milliken ranch house, 0.8 of a mile
west and 0.2 of a mile south of Colony School.

Distinguishing features—It is rather
easy to distinguish Strawn shale from
the Smithwick. The Smithwick shale
is generally darker colored, harder, more
jointed, more siliceous, less calcareous,
and disintegrates less easily in water than
the Strawn shale. The concretions in the
Strawn shale are small, yellowish-brown,
limonitic *“claystones.” The concretions
in the Smithwick are rarer and commonly
are larger (5 to 6 inches in diameter),
dark red in color, and known as paint
rock by the Indians. The Smithwick con-
cretions evidently have been derived from
marcasite or pyrite by oxidation and are
now in the form of limonite and disinte-
graled hematite. The thin siltstone lentils
in the Smithwick are much harder, less
friable, much finer grained than those in
the Strawn and in most places have a
grayish color and contain veins of impure
calcite along fractures. Most of the Smith-
wick sandstone slabs have intricate mark-
ings resembling tracks or trails of marine
animals and water plants (Pl 18A). The
Strawn slabs are rough surfaced or marked
with coarser, less well-preserved fucoidal
markings, ripple-like marks, and mud-ball-
like blotches. In general the Smithwick
sediments are marine, near-shore deposits.
The Strawn appears to be a combination
of shallow-water marine and coastal plain
fluviatile and strand-line deposits alter-
nating in a rhythmic manner. Where fos-
sils can be obtained, the two divisions can
be easily distinguished. The Strawn beds
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are characterized by Chonetes robusta
R. H. King, Mesolobus mesolobus (Nor-
wood and Pratten), Marginifera murica-
tina Dunbar and Condra, Pscudoparalego-
ceras; the Smithwick by Cumminsia aplata
(Cummins), Paeckelmanraa derelicta R.
H. King, Pharkidonotus. n. sp., and
Straparolus savagei Knight, A more de-
tailed account of the paleontology ol these
formations is given elsewhere in this
publication.

Special features.—The beautiful color
bands in the Strawn sandstone are striking
features of cortain layers. These color bands
are especially well exposed in quarries on
the Buttrill ranch located one-fourth of
a mile north of the San Saba-Lometa
highway, 2 nules east of Red Bluff (Co-
ord. BB-14), also in the Carlisle quarry
located 1.9 miles west and 1 mile north of
Nix (Coord. EE-18), and in the Faught
quarry located 2.5 miles west of Nix
(Coord. EE-18), Lampasas County. The
sandstone is dark yellow or yellowish
orange in color, fine grained, evenly tex-
tured, and marked with indistinct bed-
ding planes. The surface of the rock is
bunded with beautiful purplish-red streaks
alternating with orange-yellow bands
which represent the original color of the
rock. The red bands are spherical and
ellipsoidal in shape, 1 to 2 inches wide,
spaced 4 to 6 inches apart, and surround
a ceniral red core or nucleus which is
1 inch to 6 inches in diameter. Some of
the bands are so perfectly shaped and
evenly spaced that the face of the rock
which furnishes a cross section through
the center of the sphere or ellipsoid re-
sembles a well-designed and nicely painted
target having a central red bull’s eye
surrounded by alternating red and yellow
bands. The outer red circles in some cross
sections reach 5 feet in diameter but com-
monly range from 14 inches to 3 feet.
The outer red bands are narrower or
thinner than the bands close to the central
nucleus. The rock is cut also by black
ferrvginous veins resembling dark hema-
tite. These peculiar banded structures ex-
tend through a ledge about 8 feet thick
which outcrops along a south-facing low
escarpment and are situated in most places
5 or 10 feet below the top of the escarp-
ment. The ledge is underlain by sandy

shale and overlain by coarse, non-banded,
ferrugincus sandstone and conglomerate
as shown by the following section meas-
ured at the Bultril] rock quarry:

Section of sandstone of Strawn age in Buttrill
rock quar-y west of Lometa, Lampasas County
{Coord. BB-14, PL 1),

THICKNESS
Feet

3. Sandstone and  conglomerate,
brown, made up of coarse sand
and pebbles up to three-fourths
of an inch in diameter set in a
matrix of Dbrown ferruginous
sand ... .- 10

2. Sandstone, orange yellow, cven
textured, with medium-sized
grains, poorly bedded, but
breaking rather easily into thin
slabs 2 to 4 inches thick con-
taining  beautiful  spheroidal
banded structures . .. .. .. —-- 10

1. Shale, vyellowish gray, sandy,
mostly covered with sand from
upper ledges .. 15

Total thickness ... 35

The banded rock breaks, when quarried
along cleavage planes, into blocks about
10 to 15 inches thick, 18 1o 48 inches
long, and 12 to 32 inches wide. These
blocks have fairly even faces and show
the banded structure beaulifully when
freshly broken. They can be split also
with a hammer and chisel into slabs and
flagstones 3 to 4 inches thick. These slabs
are much in demand for paving terraces
and intevior decoration and ave marketed
under the name of “rainbow rock.” The
interesting ledge can be traced laterally
across country for several miles. The
origin of these unique bands is thought
to be a physical-chemical phenomenon
due lo supersaturation of iron salis in the
sea water. They are known as Liesegang’s
rings.

Paleontology.—The conditions of sedi-
mentation of the Sirawn were those of
rapid deposition of silt and sand in muddy
coastal marine waters alternaled with
fluviatile and eolian beach and coastal
plain deposits. The muddy water was
apparently not very favorable for depo-
sition and preservation of numerous ma-
rine fossils. A few of the layers of
thin-bedded calcareous sandstone and
calcareous shales contain poorly preserved
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fossils, mosl of which are quite fragmen-
tary as if broken up during sedimentation.
In the following list of species the gastro-
pods were identified by J. Brookes Knight,
the fusulinids by C. O. Dunbar. Charac-
teristic fossils in the Sirawn group are
shown in Plate 19.

Fauna of the Millsap Lake formation of the
Strawn group, tn an outciop 3 miles northeast
of Satuit, McCulloch County (Loc. 153-T-T7;
Coord. M-14, PL 1).

Foraminifera—
Fusulina rickerensis Thompson
Anthozoa —
Lophophyllum radicosum Girty
Lophophyllum profundum Milne-Edwards &
Haime
Crinoidea~——
Platycrinus sp.
Ethelocrinus
Brachiopoda—
Crania modesta White & St. John
Deiliyia bennetti ITall & Clarke
Derbyla crassa Meek & Hayden
Rhipodomella carbonaria (Swallow)
Rhipodomella carbonaria var. subeircularis
R. H. King
Chonetina robusta R. H, King
Marginifera splendens (Norwood & Pratten)
Marginifera muricatina Dunbar & Condra
Dictyoclostus sp.
Rhynchopora magnicosia Mather
Juresinia nebrascensis (Owen)
Mesolobus mesolobus (Norwood & Pratten)
Mesolobus mesolobus var. rochellensis R. H.
King
Spirifer rockymontanus Marcou
Neospirifer dunbari R. . King
Punctospiriler kentuckyensis (Shumard)
Cleiothyridina orbicularis McChesney
Gastropoda—
Baylea subconstricta (Meck & Worthen)
Orthonema marvinwelleri?

Correlation.—The above fossil list, al-
though mecager and probably quite incom-
plete, indicates clearly that these Strawn
strata belong in the Des Moines division
of the Pennsylvanian and probably are,
for the most part, equivalent to the Garner
and upper part of the Millsap Lake forma-
tions of the Brazos Valley region of north-
central Texas.

Fossil Localities

The best collections of fossils have
come from the Elliott Creek member and
the Comanche Creek shale. The best local-
ily is as fellows:

15317 (M-14, PL 1).—McCulloch County,
3.3 miles due east of Rochelle. Tt is reached by
taking the Rochelle-San Saba road and traveling

cast for 3.7 miles to where the road turns north-
east, then turning due south thiough a gate and
following a secondary road south 0.5 of a mile
to the point where the secondary road turns
southeast, going down a rather steep hill. At
this point, leave the car and walk east about 0.1
of a mile to a wire fence and follow the fence
south 0.3 of a mile to a small branch stream on
the west side of the fence; then walk down the
small branch a few hundred fect to the shale
exposure on the cast side of the branch.

CANYON GROUP

Historical account.—The term Canyon
was applied by Cuommins (1891, p. 374)
to designate the beds of massive lime-
stone that occur in the vicinily of Canyon
in Palo Pinio County, and along Jim Ned
Creck in Brown County. They were de-
scribed briefly by means of sections and
a map (Cummins, 1891, Pls. 6, 7, and 8),
and later the unit was defined more defi-
nitely by Drake (1893, p. 387). Drake
drew the base at the bottom of a Chaetetes-
bearing limestone known as the “coral”
limestone bed, and the top at the upper
surface of a Campophyllum-bearing bed
which occurs about 80 feet above the
Home Creek limestone. Plummer and
Moore interpreted Cummins’ boundaries
closely (1922, p. 87) and limited the Can-
yon division to include the strata between
the top of the Home Creek limestone at
Caddo and the base of the Palo Pinto
limestone in Palo Pinto Counly or beds
of equivalent age. The top of the Home
Creek limestonc in the Colorado River
valley was identified as the top of the
upper of three persistent limestones that
occur 75 to 100 feet above the top of the
Ranger limestone and about 350 feet above
the top of the Adams Branch limestone
(fig. 14); the bottom was identified as
the base of the Rochelle conglomerale.
Sellards (1933, p. 110) followed the
same usage. Hudnall and Pirtle (1931)
and Nickell (1938, p. 91) used aboutl
the same boundary for the top® but raised
the hase of the Canyon group to a thin
non-persislent, unnamed limeslone about
100 {eet above the Capps limestone. Bul-
lard and Cuyler (1935, p. 199) used the
upper Home Creek limestone as the top

SDue to dificulties in tracing the outerop of the upper
Home Creek limestone acioss the alluvium-covered area of
the Colorado River valley theie is some uncertainty whether
Hudnall, Nickell, and Bullard and Cuyler used exactly the
same linestones, but their sections aie essentially the same
(fig. 14); also see discussion by Nickell (1938).
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boundary and the base of the Rochelle
conglomerate for the lower boundary
plane; Cheney (1940, p. 87), revised
again thie Canyon division and made the
Canyon group include the sirata beiween
the top of the Home Creek limestone and
the base of the Lake Pinto sandsione lentil
in the middle of the Mineral Wells forma-
tion in the Brazos River valley. This
change was advocated by Cheney in order
to make the division boundary between
the Strawn and Canyon agreec as mearly
as possible with that between the Mis-
souri and Des Moines divisions long in
use m the Middle West and Midcontinent
regions. Cheney (1940, p. 90) regards the
Brazos Wiver sandstone as equivalent to
the Roclielle conglomerate, and, therefore,
in the Colorado River valley places the
lower boundary of ihe Canyon at a lime-
stone above the Rochelle described as
accurring ahout 100 feet above the Capps
limestone.
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The problem of establishing the upper
boundary of the Canyon is simplified
by a definite and characterislic cephalo-
pod assemblage consisting of Uddenites
schucherti Bose, Glaphyrites kansasensis
(Miller and Gurley), Wiedeyoceras pingue
A. K. Miller and Cline, Agathiceras cisco-
ense Smith, Marothonites ganti (Smith),
Schistoceras  missouriense  (Miller and
Faber), Liroceras liratum (Girty), Do-
matoceras  sculptile (Girty), Neodimor-
phoceras texanum (Smith), and Gonio-
loboceras welleri Smith, and others. This
remavkable assemblage occurs below the
Gunsight limestone and above the Dunger
limesione of Plummer and of Nickell, the
lower Gunsight limestone of Bullard and
Coyler, and has been {ound at numerous
localities from McCulloch County on the
south to Jack County on the north, defi-
nitely marking the lower shales of the
Graham formation as pointed out by
Plummer and Hornberger (1935, pp. 63—
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Fig. 14. Stratigraphy of the Canyon group, showing differences in interpretations of stratigraphic
boundaries by different geologists. Sections 1 and 2 were measured by F. B. Plummer.
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64), by Plummer and Scott (1937, p. 17),
and by Williams (1938, pp. 191-192).
The second limestone below this cephalo-
pod zone marks the top of the Canyon
division as originally established by Cum-
mins. It is the uppermost of three thick,
light-gray limestones which in most places
can be easily distinguished from the thin-
ner yellow limestones of the Cisco division
above,

The problem of correlating the lower
boundary of the Canyon division is more
complicated due to an erosional hiatus in
the Colorado River valley, and to a lack
of definite fossil zones. The fauna of the
Keechi Creek shale below the Palo Pinto
limestone of the Brazos Valley is abun-
dant, beautifully preserved, and quite well
known (Plummer and Hornberger, 1935,
pp. 40-41). Yet no assemblage like it
or like that of the Salesville shale below
has been found in the Llano region. It
may be that change in facies of the sedi-
ments is responsible for the absence of
these fossils, or that the Llano area was
dry land during the Salesville and Keechi
Creek epochs. In the Llano region south
of Colorado River, the Comanche Creek
shales of Drake contain a prolific Millsap
Lake or Des Moines fauna characterized
by Mesolobus mesolobus and Fusulina
rickerensis. The Rochelle conglomerate
rests unconformably upon this bed east of
Rochelle, and the shales immediately
above the Rochelle conglomerate contain
a fauna noteworthy for its Canyon or
Missouri division forms, most of which
occur in the Graford and Palo Pinto for-
mations and in the Kansas City group of
strata. A list and diseusvion of the corre-
lation of these fossils is presented else-
where in this volume. The Rochelle con-
glomerate, when traced wnortheastward,
thins out, is changed to a marine sand be-

fore Colorado River is reached, and dis-
appears beneath Cretaceous gravel deposiis
(PL. 20). The sandy horizon can be traced
northward, however. It is thought to occur
just above the Ricker bhed east of Brown-
wood and is tentatively correlaled with
the first sandstone layer immediately be-
low the Palo Pinto limestone in Palo Pinto
County. The base of the Canyon in the
Llane region, therefore, is set at the bot-
tom of the Rochelle conglomerate and its

equivalent sandstone zone. South of Colo-
rado River, this horizon marks the division

between the Missouri and Des Moines
series.
Extent and thickness—The Canyon

group of beds is bounded on the east by
the Rochelle conglomerate or sandstone
of equivalent age and on the west by the
upper layer of the Home Creek limestone.
Except where covered by Cretaceous sands,
the group of beds has been mapped from
Colorado River southward to Rochelle and
then southwestward to Brady, as shown on
the maps, Plate 1 and Plate 20. The
lower series of limestones and shales,
known as the Adams Branch limestone,
overlap the Rochelle conglomerate west
of Onion Creek and rest on the Marble
Falls limestone, forming the basal beds
of the Canyon from Onion Creek south-
ward to Brook ranch where all the Canyon
beds disappear beneath the Cretaceous
marls. The thickness of the Canyon group
of heds varies from 425 to 725 feet. It
is thickest in the sections between Colo-
rado River and Mercury and thinnest in
the sections south of Brady, as shown in

figure 14.

Lithology—The Canyon group of beds
in the Llano region, with the exception
of the lowermost division, which contains
sandstone and conglomerale, consists pre-
dominantly of thick marine, fossiliferous,
calcareous shales and four intervals of
limestones alternating in a sort of rhyth-
mic succession. The lower part of the
Canyon group is composed predominautly
of sandy shale with lentils of sandstone
and conglomerate. The upper part con-
tains a series of sandy shales, non-sandy,
calcareous, fossiliferous shales, rather
thick fossiliferous limestone, and a few
thin layers of sandstone. South of Colo-
rado River, the lower limestone, known as
the Adams Branch member, forms a very
prominent escarpment which extends
nearly due south from Mercury to Ro-
chelle.  Near Rochelle the escarpment
becomes less prominent, the limestones
thin somewhat, some of the layers disap-
pear, and the series swings southwestward
in the direction of Brady, forming several
low escarpments in place of the single
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prominent one, until the beds finally dis- regarding the stratigraphy and lithology
appear beneath the Cretaceous cover south-  are furnished by the following described
west of Brady (map, P1. 20). Other details  scctions:

Section of lower part of Canyon group, measured along an east-west line through Rugged Moun-
tain from Adams Branch escarpment east to a point 1 mile east of Rochelle-Cowboy road, McCul-
loch County (Line C-D, Pl 20).

THICKNESS
Feet Inches

17. Limestone, gray, brittle, suberystalline, irregularly bedded; the bedding planes
are somewhat wavy and the ledge is poorly fossiliferous but contains 7Triti-

cites — 13 .
16. Shale, gray, calcareous, fossiliferous 15 ..
15. Limestone, bluish gray, weathering yellowish gray, hard, subcrystalline.... ... 6
14, Shale, gray, caleareous .. 3 ..
13. Sandstone, brownish gray, evenly bedded, fine grained, marine ... o . 2

12. Shale, gray, sandy; partly covered by slope wash and grass, but containing at

least one lentil of sandstone and grading downward into red, marocon, and

purple, nonfossiliferous shale at the base 90 .
11. Conglomerate (caps both Rugged Mountain and Rough Mountain), dark reddish

brown, moderately coarse, pebble conglomerate made up of pebbles % to 1

inch in size, subangular to angular in shape and consisting of green, gray,

black, and black and white banded pebbles of chert set in a matrix of rather

coarse guartz sand. The conglomerate varies in thickness from place to place,

plays out northward into a layer of coarse, cross-bedded sand, contains cross-

bedding and ripple markings, and appears to be nonmarine in origin possibly

merging northward and westward with marine sediments .. . . 8
10, Shale, red, gray, and purple, containing 3 or 4 lentils of rather soft, friable
sandstone B 82
9. Sandstone, gray, fine grained, cross-bedded ... 5
8. Shale, red and purplish gray, containing a rather prolific fossiliferous zone near
the top characterized by Iarge numbers of the gastropod Amphiscapha catil-
loides (Conrad) .. ... e 30 .
7. Sandstone, gray, fine gwamed ,,,,,,,,,,,,,,,,,,,,,,,,, 3 .
6. Conglomerate, gray, made up of small subangular pebbles . . . . __ 4
5. Shale, red _____ 4
4. Sandstone, fine grzuned calcareous 1
3. Shell bed, thin layer made up largely of well-preserved productids and other
fossils in places cemented to form a hard calcareous layer containing many
pelecypods . e & e ettt oo 3
2. Shale, gray, containing at least 8 lentils of sandstone ... ... 53 .
1. Rochelle conglomerate, dark reddish brown, cross-bedded, made up of subangular
chert pebbles averaging %, of an inch in ‘size — 12
Total thickness . 322 1

Section of middle part of Canyon group measured along road south of Placid to escarpment 1.4
miles east of Placid at Loc, 153-T-21, McCulloch County (map, PL 20)

THICKNESS
Feet Inches

Cedarton member—

13. Sandstone, dark reddish brown, massive, poorly bedded and somewhat cross-
bedded near the base, grading upward into thin beds near the top, moderately
hard, somewhat friable sandstone made up of quartz grains fairly uniform in
size, subrounded to subangular in shape; surface of the sandstone forms a

dip slope leading down to the town of Placid et e 17 .
12, Shale o 4 .
11. Limestone, reddish and yellowish brown, sandy, has a rough corrugated surface,

contains fragments of fossils 1 .
10. Shale, forming grass-covered slope oo b/ -

9. Limestone, dark gray, weathering light yellowish gray, subcrystalline, emooth

surfaced, containing many fragments of thin-shelled brachiopods, pelecypods,

and very small crinoid fragments ... . _ . 1 3
8. Shale, not exposed, forms a field one-fourth mile wide....___. . 6 6
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THICKNESS
Feet Inches

Adams Branch limestone-—

7. Limestone, dark gray, hatd, heavy, unevenly bedded, the bedding planes form

wavy patterns, subcrystalline, contains algal markings, a few fossils, large

fusulinids, and calcite veins, weathers to form very rough surfaced boulders

and nodules ... e 6 6
6. Shale, dark gray, weathering light vellow and greenish gray, fossiliferous, contains

a good fauna, including Neospirifer, Chonetina, Tiepospira, Punctospirifer, and

other typical Canyon forms._. . ... , 25
5. Limestone, bluish giay, weathering yellow and yellowish brown, hard, breaks

into thin platy fragments having rough surfaces, subcrystalline, hard, made up

of large quantities of very small crinoid [ragments indicating that the crinoids

must hove heen small forms, The surface of the rock is guite rough and con-

tains many small granules ... . o L e [ S

Browawood shale member—

4, Shale, bluish gray, weathering light ycllow, soft calcareous, contains much gyp-

sum and weathevs to 1 roduce a while powdery gypsiferous caliche-like mass..._. 22 6
3, Limestone, gray, weathering yellowish gray, occurs in beds 4 to 12 inches thick.

The bedding planes are uneven, somewhat wavy. The limestone is quite hard,

suberystalline, and cut by many joint lines. It breaks with a conchoidal frac-

ture and along joint lines lo pioduce irregular-shaped chips and small chunks,

The rock is fossiliferous, contains Triticites (probably T. irregularis), Com-

posite, and other brachiopods. Fusulinids are most common in a zone about

3 feet below the top 9
2. Shale, occupying a slope mostly covered by grass and talus, but exposed in a

few places along the road ditches. Light yellowish gray, gypsiferous at the

top, soft, sandy and contains a few thin layers or lentils of gray and brown

sandstone. One of these sandstone ledges occurs 224 feet below the top of

the shale. It is 11 inches thick, fine grained, cross-bedded, resembling somewhat

wind-blown sand. The total thickness of the shale bed is...... . 22 5
1. Sandstone, brown, coarse grained, contains small angular chert pebbles up to

one-half inch in diameter. The pcbbles are umevenly and rather sparsely

scattered throughout the sandstone which occurs in layers about 4 inches thick

separated hy clay and silt partings. The clay also contains a few pebbles

which may have been originally in the sandstone. This sandstone may be the

northward extension of the Rough Mountain conglomerate bed which occurs

above the main Rochelle conglomerate ... . . . . . .. _ 1 4

Total thickness measured . o e 146 6

Section of middle and upper part of Canyon group measured along east-west 10ad passing along
south side of city of Brady from Brady Creek on the cast to the Home Creck limestone on the west
(Ceord. H-18 10 H-16, PL 1).

THICKNESS
Feet Inches
Cisco group—

26. Limestone, bluish gray, hard, unfossiliferous.. .. ... . . o o 1

25. Shale, mostly covered with grass.. 27 .

24, “Cempophyllum” bed. Limestone, hard, bluish gray, weathering light gray,

fossiliferous; contains many horn-shaped corals, probably belonging to the

genus Canini@ oo - o . 1 6
23. Shale, covered N N . 5
22. Limestone, dark gray, hard .. . . . ___ - 1
21. Shale covered - JE 4

Canyon group—

20. Upper Home Creek limestone. Dark gray, or buff, coarsely crysialline, slightly

{ossiliferous, contains many yellow, vein-like markings of a dark yellowish-

brown color. These markings may represent algal markings, No fusulinids

observed . . e e e 1 6
19, Shale o 21
18. Middle Home Creek limestone. Gray, hard, fossiliferous, weatheis to a light

yellowish-hrown color; contains small fossils and small crinoid stems. Breaks

into small blocks and hiregular chunks. Fossils are very poorly preserved .. . 1 2
17. Shale, covered .. 17 6
16. Lower Howe Creek limestone. Gray, hard, fossiliferous; contains Squamulwia

and Composita, No fusulinids observed . oo . 7
15. Shale, covered o . 22 6

14. Limestone [ e - 1
13. Shale, covered ... . 18
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12.
planes uneven; quite fossiliferous.

93

THICKNESS
Feet Inches

Ranger limestone. Dark gray, thin bedded; beds 2 to 5 inches thick, bedding
Yossils consist of small corals, Composita,

Dielasma, and others, but no fusulinids noted. Upper layers break up to form

small angular chunks . o 19 6
11. Shale, blue gray, weathering to a caliche-like, powdery sub- soll mostly covered
with grass. One layer near the base is distinetly red e o 45
10. Sandstone, dark brownish, tinged with vellowish-brown streaks, thin bedded.
In layers 2 1o 6 inches t]uck each layer thinly laminated; fine grained, almost
a siltstone. The top layers are somewhat more friable 3
9, Shale, covered . 42 6
8. Upper Clear Creek hmcqtone Dark glay, hard, thin bedded. The beds are 2 to
4 inches thick, separated by uneven }Jeddlng planes. Two thicker and some-
what harder ledges at the top ranging from 12 to 18 inches thick. The ledge
is exposed at Bear Creek southwest of Brady . et e 6 9
7. Shale, mostly covered . . . 62 6
6. Lower Clear Creek limestone. Hard, more massively bedded than layers above.__. 13
5. Shale, mostly covered by grass and soil 46
4. Adams Branch limestone, upper ledge. Light gray, thin hedded, fossiliferous;
contains many Triticites ... 5 1
3. Shale, covered _ 14
2. Adams Branch hmestone, lower ledge. Gray, hard, poorly exposed .. ... .. 1
1. Brownwood shale. Sandy, covered by soil and alluviem . 70
Total thickness measured ... 457 6

Subdivisions—Drake (1893, p. 387)
has divided these Canyon strala into 12
divisions; 11 of these can be recognized
in the Llano region and have been de-
scribed by Bullard and Cuyler (1935, pp.
199-221) and by Nickell (1938, p. 94).
They are shown in the accompanying
graphic sections (fig. 14, sections 3 and
4) and are descrihed in the following
paragraphs.

Rochelle conglomerate—The lowest di-
vision is a basal conglomerate known as
the Rochelle conglomerate. Its ontcrop
extends from Onion Creck east ol Nelin
northeast io a point 3 miles east of Ro-
chelle on the San Saba-Rochelle highway
and then swings northward, thins abruptly,
and thins out at the Rochelle-Hall road

as illustrated on the map (Pl. 20). It is
made up of angular and subangular
pebbles one-eighth inch to 2V5 inches in
diameler, the average size being aboul
three-fourths of an inch. The coarse
pebbles are set in a matrix of very fine
ebbles and unevenly graded, coarse sand
(Pl. 18B). At least 90 percent of the
pebbles are chert. They are while, cream-
colored, black, green, and banded black
and white, and green and whiie. The gray,
white, and cream-colored pebbles pre.
dominate. The member in most places has
little or no bedding, but in a few places
there is distinct cross-bedding like that
found in fluviatile deposits. Tables show-
ing typical screen analyses and counts
showing percentage distribution of rock
types are given below:

Size analyses of pebbles of Rochelle conglomerate
(Percent by weight)

Size Locality 12 Locality 22 Locality 3% Locality 4
Millimeters Percent Percent Percent Percent
Larger than 64 mm. ... . . _ . _ 0 0 0.0 0.0
~ 53 v} 17.0 0.0
16-32 e e 22 26 28.0 0.0
8-16 .. 7 35 26.0 0.0
4-8 6 7 10,0 0.0
24 4 6 8.0 39
12 e 3 8 5.0 28
0.5 =1 o 1 9 2.5 16
025 -05 . 1 3 1.5 6
0,125 -0.25 1 3 1.5 7
0.0635-0.125 _ . .. 1 2 0.0 0.2
0.0311-0.0635 . 0.5 1
Smal]er than 0.0311 1

“Ax]a])qrs made by H. X, Bay (1932),
bAnalyses made by Bruce Grant.
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Locality 1.
escarpment.
Locality 2.
Locality 3.
County.
Locality 4.

About 4.2 miles east of Rochelle on the Rochelle-San Saba road, near tep of a prominent

About 5 miles southwest of Rochelle on the old Rochelle-Brady road.
East side of Onion Creek, 1.9 miles east and 0.5 of a mile north of Nelin, McCulloch

Type locality of Rochelle conglomerate 4 miles east and 1.3 miles north of Rochelle

on Rochelle-San Saba road, near top of prominent escarpment near locality 1.

Shape analysis of Rochelle conglomerate,

by H. X. Bay (1932)

Percent
Angular 540
Subangular _ . 34.0
Curvilinear 11.2
Subround ... .. . 0.6
Round .. 0.0

Distribution of rock types in Rochelle con-
glomerate pebbles over 32 mm. in size from
Satuit, McCulloch County.

Percent
Chert, banded, gray brown and white . 2.7
Chert, banded, brown, black, and white. 4.0

Chert, banded, red and white ... 1.35
Chert, banded, gray and white_.. - 10
Chert, banded, green and white.. ... .. 8.0
Chert, banded, green and brown. .- 135
Chert, gray green ... ... .. 4.0
Chert, light green __ 2.7
Chert, dark green ... . 18.0
Chert, dark gray, smooth fracture.. ... 5.4
Chert, dark gray, rough fracture ... ... 8.0
Chert, light gray, smooth fracture .. ... 7.0
Chert, light gray, rough fracture .. __ . 2.7
Chert, white . ... 94
Chert, black __ 5.4
Chert, brown ... I 5.4
Chert, translucent ... ... ... o . 94
Quartz e 2T

Chert greatly predominates among the
larger pebbles and quartz among the
smaller pebbles and grains. Quartzite
pebbles are present in some places but
are generally rare. Fragments of limonite
and clay or shale occur in some exposures.
The green cherts are noteworthy and per-
haps characteristic of the Rochelle, since
they were not found by Bay (1932) in the
similar conglomerates of the Brazos River
valley.

The thickness of the Rochelle conglom-
erate throughout most of its extent is
fairly uniform, varying from 8% to 18
feet as shown in the following table:

Thicknesses of the Rochelle conglomerate at
localities shown on Plate 20
THICKNESS
Feet
West side of Onion Creek at iron bridge
2.8 miles east and 0.6 mile north of

Nelin (Loc. 153-T=55) oo o 13.25
South of Rochelle cemetery, northeast of
Satuit .. 12.00

THICKNESS
Feet
East of Rochelle cemetery ... ... 13.00

Type locality, San Saba-Rochelle high-

way 4 miles east of Rochelle . 12.00
Rochelle-Hall road, 5 miles northeast of
Rochelle 8.50

North of the Rochelle-Hall road, the
conglomerate plays out, and a sandstone
comes into the section at about the same
horizon., The sandstone differs markedly
from the sandy layers in the conglomerate.
It is dark gray, contains fragments of cri-
noids and brachiopods, and is much cross-
bedded by thin, well-laminated bedding
planes. It is thought that this sandstone
represents a beach, or near-shore, facies of
the conglomerate, and that the cross-
bedding is that of beach bedding. If this
interpretation is correct the conglomerate
has thinned laterally from a maximum of
15 feet to 3 feet at the Hall road and has
graded from nonmarine into marine sedi-
ments.

The Rochelle conglomerate east of Ro-
chelle rests unconformably upon dark-gray
and dark-maroon, soft, sandy shale of
Sirawn age and to the southwest of Ro-
chelle overlaps on Marble Falls limestone.
The Strawn shale below the conglomerate
contains a few phosphatic nodules at the
top and at least one bed of very fine-
grained, light-gray, finely cross-bedded
sandstone 1 to 2 feet thick. No fossils
have been found in the shale. The Ro-
chelle gravel appears to have been washed
out by shifting streams over a nearly flat
coastal plain, and to have merged laterally
into sandy marine deposits. The con-
glomerate dips northward and westward
and is buried beneath younger Pennsyl-
vanian deposits. At Rochelle, 3 miles west
of the outcrop, it is penetrated in shallow
water wells, furnishes a fairly good water,
and is said by drillers to be made up
mostly of sand with very little gravel.

Brownwood shale member—The second
member in the Canyon, and the one which
overlies the Rochelle conglomerate, is the
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Brownwood shale. It is red, purple, and
gray in color, soft, sandy, somewhat fer-
ruginous, and in places highly fossilifer-
ous, as shown by the fossil lists included
in the paragraphs on paleontology. The
fossils are shallow-water marine forms;
such species as Juresanio symmetrica (Me-
Chesney), Chonetina flemingt var. plebeia
Dunbar and Condra, Edmondia aspin-
wallensis Meek, Worthenia tabulata (Con-
rad), Amphiscapha catilloides (Conrad),
and Aviculopecten arctisulcatus Newell
are very common. The shale is quite
sandy throughout, contains at least a dozen
sandstone lentils and layers and one bed
of conglomerate, which is designated
Rough Mountain conglomerate lentil to
distinguish it from the Rochelle. The
Rough Mountain conglomerate is a small
lentil, which extends from the point where
the Rochelle-Cowboy road leaves the Ro-
chelle-San Saba road north a distance of
about 3 miles to a water tank on Baker’s
ranch (Pl. 20). The conglomeraic re-
sembles very closely the Rochelle and un-
doubtedly was derived from the same
source. It is made up of the same sub-
angular chert pebbles but is somewhat
coarser and has a greater maximum thick-
ness and less extent. Typical screen an-
alyses of the conglomerate are included
below:

Screen analyses of Rough Mountain

cenglomerate®
SIZE SIZE PERCENT
in mm. in inches by weight
Larger than 25.4 Larger than 1 3.27
19.1  to25.4 0.75 tol 8.35
12,7 to19.1 0.50 to0.75 17.93
6.35 to12.7 0.25 to0.50 29.95
20 to 6.35 0.079 t00.25 22.18
0.833 10 2.0 0.032 to0.079 9.33
0.59 to 0.833 0.023 t00.032 3.22
042 to 0.59 0.0165 to 0.023 1.10
0.297t0 0.42 0.0117 to 0.0165 1.60
0.250t0 0.297 0.0097 t0 0.0117 0.75
0.175t0 0.250 0.0069 to 0.0097 0.55
0.147t0 0.175 0.0058 to 0.0069 0.30
0.074 to 0.147 0.0029 to 0.0058 1.25
Smaller than 0.074  Smaller than 0.0029  0.007
Lost in washing 3.22
Total 99.787

#Analyzed by E. A. Workman and collected 1 mile north
of San Ssba-Rochelle road on west side of Rochelle-Cowhoy
road.

The thickness of the Rough Mountain
conglomerate varies more than the Ro-

chelle. On the east side of the Rochelle-
Cowboy road about 2 miles north of the
San Saba-Rochelle highway (Pl. 20, sec-
tion C-D), it is 6 feet thick; along the
road one-fourth of a mile north (P1. 20),
it measures 9% feet. On the east side of
Rough Mountain (Pl. 20), it is 20 feet
thick. Here the section is made up of
alternating beds of gravel and coarse sand
exhibiting cross-bedding like that found
in stream terraces. The foreset beds dip
toward the southwest at angles ranging
from 10° to 30° from the horizonial.
Traced westward from Rough Mountain
and northward along the base of the
Adams Branch escarpment (Pl. 20), the
conglomerate thins, and finally grades into
a coarse-grained, cross-bedded sandstone
1 mile west and one-half mile north of
the east side of Rough Mountain (map,
Pl. 20). This conglomerate lentil un-
doubtedly originated as an alluvial fan or
apron washed out on to a mnearly flat
coastal plain by a stream heading far to
the eastward in a region where novaculites
and other chert-bearing formations pre-
dominated.

The upper part of the Brownwood shale
above the Rough Mountain conglomerate
and below the Adams Branch limestone is
made up of shale with a few thin, fine-
grained sandstone layers. In many places
the lower portion of the shale, when
weathered, is colored red, purple, and
greenish gray and is nonfossiliferous. The
upper portion is gray and bluish-gray
sandy shale containing at least one layer
of sandstone and, near the top, a bed of
impure limestone 6 to 8 inches thick. A
few fossils have been found in these shales.
The total thickness of the Brownwood shale
measured 3V5 miles north of Rochelle is
325 feet.

Paleoniology.—The fauna of the Canyon
group in the Llano region is known from
a few rather meager collections made in
the vicinity of Rochelle, Placid, and Brady.
Brachiopods predominate, but pelecypods
and gastropods are well represented. Cor-
als are much rarer than in the Strawn
and Bend formations; a few crinoids oc-
cur and fusulinids may be collected from
the limestones. The following list is repre-
sentative but not exhaustive.
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Fauna of the Canyon group

Canyon Species

Foraminifera
Triticites irvegularis (Schellwien and Staff) ...
Triticites SP. . o e e e e

Anthozou
Lophophyllidium profundum var. radicosum (Cirty)......

Brachiopoda
Orbiculoidea missouriensis (Shumard) .
Derbyia crassa (Meek and Hayden) . S
Derhyia crassa var. subcircularis Dunbar and Condra .
Derbyia crassa var. texana Dunbar and Condra..
Chonetina flemingi (Norwood and Pratten) .
Chonetina flemingi var. plebeia Dunbar and Condra.__...
Chonetina rostrata Dunbar and Condra
Ambocoelia planoconvexa (Shumard) ..
Juresania symmetrica (McChesney) . . -
Echinoconchus sp.?
Echinoconchus semipunctatus (Shepard) ...
Marginifera lasallensis (Worthen) ...
Marginifera muricatina Dunbar and Condra ...
Marginifera wabashensis (Norwood and Pratten).. -
Dictyoclostus americanus Dunbar and Condra _..
Dictyoclostus crassicostatus Dunbar and Condra ..
Cryptacanthia whitei Dunbar and Condra_____.. . _
Neogpirifer sp.? _
Neospirifer latus Dunbar and Condra...
Neospirifer dunbari R, B. King .. ..
Neospirifer texanus (Meek) .. .. _ I
Punctospirifer kentuckyensis (Shumard) _ ..
Composita subtilita (Hall) B
Compaosita trilobata Dunbar and Condra __
Composita ovata Mather - .
Composita argentea (Shepard) . . .-

Pelecypoda
Pleurophorus sp.?
Nucula anadontoides Meek . .
Nuculopsis ventricosa (Hall)
Nuculana attenuata (Meek)
Nuculana arata (IJall). . _
Myalina wyomingensis (Lea). . _ . . ... _ ..
Conocardium parrishi Worthen
Myalina sp, ___.__
Septimyalina pelattcnuatq (Meek and Hayden)_
Astartella concentrica (Conrad) . ... .
Aviculopecten arctisulcatus Newell .. ..

Gastropoda

Sphaerodoma primogenium (Conrad)
Allorisma costatum Meek and Worthen
Worthenia tabulata (Conrad)
Trepospira discoidalis Newell
Pharkidonotus cf, P. percarinatus (Conrad)
Amphiscapha catilloides (Conrad)
Meekospiia peracnta (Meek and Worthen)_
Orthonychia parvum (Swallow)
Bucanopsis meekiana (Swallow)
Euphemites, sp. indet. ...
Phymatopleura modosa (Guty)
Glabr;)cmgulum cf. G. grayvillense (Norwood and Prat-

ten

Cephalopoda

Liroceras liratum (Girty) ...

25-T—4

153-T—21a

153-T-23

"

MM o
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153-T-58

153-T-99

153~T-100
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Stiatigraphic 1ange of some Canyon fossils

Canyon Species

Brachiopoda

Orhiculoidea missouriensis (Shumard).
Derbyia crassa (Meek and Hayden) .
Derbyia crassa var. subcircularis Dunbar and
Condra o
Derbyia crassa var. texana Dunbar and Condra
Chonetina flemingi (Norwood and Pratten) . _._
Chonetina flemingi var. plebia Dunbar and Con-
dra ... e B N
Chonetina? rostrata Dunbar and Condra
Amboroelia planoconvexa (Shrmard)
Juresania symmetrica (McChesney) ...
Echinoconchus semipunctatus (Shepard) .. -
Dictyoclostus crassicostatus Dunbar and Condra_._
Dictyoclostus americanus Dunbar and Condra
Marginifera wabashensis (Norwood and Pratten)
Marginilera lasallensis (Worthen) .
Cryptacanthia whitei Dunbar and Condra
Neospirifer dunbari R, H. King
Neospiriler latus Dunbar and Condra .
Neospirifer texanus (Meek) ..
Punctospirifer kentuckyensis (Shumard) . .______
Composita subtilita (Hall)
Composita argentea (Shepard)
Composita ovata Mather .. . __
Composila trilobata Dunbar and Condra .

Crinoidea

Apographiocrinus esculptus Moore and Plummer
Athlocrinus nitidus Moore and Plummer
Delocrinus henthobatus Moove and Plummer
Endelocrinus parvus Moore and Plummer_
Paradelocrinus subplanus Moore and Plummer.
Parulocrinus pustulosus Moore and Plummer -
Plaxocrinns lobatus Moore and Plummer
Plaxocrinus omphaloides Moore and Plummer
Sciadocrinus disculus Moore and Plummer

Fusulinids
Triticites irregularis (Schellwien and Staff) (1)=
Triticites innegularis (Schellwien and Staff) (4)2

a¥orm 1; form 1; sec White {1952).
A. Shale between Adams Branch limestone beds.

B. Biownwood shale, neat base,
C. Piobably Ranger, ncai top of Placid beds.
D. Top of Biownwood shale just below Adams Bianch.

It will be noted at once that most of
the species are rather long ranging forms
and are not useful for close correlation.
The assemblage as a whole, however, is
composed of forms that occur for the most
part in the Missouri division of the Penn-
sylvanian, and most of the forms occur in
the Graford formation in Palo Pinto
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County and in the Kansas City and Lans-
ing group of northern Midcontinent. The
geographic and stratigraphic occurrences
of the crinoids, brachiopods, gastropods,
and fusulinids are shown in the accom-
panying tables. The most typical ones are
illustrated in Plate 21. The identifications
of the gastropods have been checked by
J. Brookes Knight.
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Fusulinid zones in the Canyon and Strawn groups in cential Teras
GROUP FORMATION ZONE
Cisco Graham Thiiticites cullomensis
(Caddo Creck Thiticites acutus
Canyon Biad Tiiticites ohioensis

(Top of Caddo Creck lime-

stone to top of Lake Pinto Giaford

Triticites integulaiis (large form)

Triticites irtegularis (large form)

Triticites irtegularis (small form)

(Not present in Llano region)

sandstone) -

Palo Pinto

Whitt

Lone Camp
. Minetal Wells (restricted)
Stiawn —

No {usulinids found

(Bottom of T.ake Pinto sand- Sanio

Fusulina? iickerensis

stone) Lo top of Smithwick

shale) Millsap Lake

Fusulinella meeki
Fusulinella haworthi
Fusulinella euthusepta
Fusulinella piolifica

*References are as follows:

Duxear, C. O., and Compra, G. E., The Fusu-
linidae of the Pennsylvanian system in Ne-
braska: Neb. Geol. Survey Bull. 2 (2d ser.),
pp. 1-135, 1927,

ITensost, L. G., Fusulinellas fiom the Stonefort
limestone member of the Tidewater formation:
Jour. Paleont., vol. 2, p. 80, 1928,

Notes on the ranges of Fusulinidae in
the Cisco group of the Brazos River region,
north-central Texas: Univ. Texas Bull. 3801,
pp. 237-247, 1938.

Seivey, R. C., and Roseris, T. G., Lower Penn-
sylvanian terminology in cential Texas: Bull
Amer. Assoc. Petr. Geol., vol. 30, p. 185, 1946.

Tuomeson, M. L., Upper Desmoinesian fusu-
linids: Amer, Jow. Seci., vol. 243, p. 452, 1945.

Warre, M. P., Some Texas T'usulinidae: Univ.
Texas Bull. 3211, pp. 1-85, 1932.

Fossil Lacalities

Fossil localities in the Canyon group are
as follows:

153-T-21 (M-10, PL 1)—McCulloch
County. Shale layeis bhetween limestone beds on
north side ol road near top of Adams Branch
esrarpment, 1.4 miles cast ot paved highway at
Placid. Locality 153-T-21 is in the shale 15 to
20 feet below the massive Adams Branch lime-
stone. Locality 153-T-21a is in the shale above
the massive limestone and below the less massive
limestone which caps the top of the escarpment.
It is 1cached by diiviag on the highway to Placid,
tutning east at Placid, and taking the Cowhoy
1oad 1.4 miles to the top of the escaipment.

153-T-23 (M-12, L. 1).—McCulloch
County. Shale below Rough Mountain conglom-
erate 3.5 miles east and 2.5 miles noith of
Rochelle. The locality is 1eached by going to
Rochelle, driving noitheast on the Placid j0ad
a distance of 0.9 of a mile to a road 1unning due

east. Take the 1oad running due east and travel
134 miles, then twn north on the Cowboy road
and travel 2% miles to the first road turning
due east. Then continue north on the same road
0.1 of a mile to a conglomerate-capped hill on the
west side of the 10ad. The fossils are in the
shale 0 to 20 feet below the conglomerate.

153-T-28 (M-11, PL. 1)~ McCulloch
County. Four and one-half miles east and 3%
miles noith of Rochelle in a small saddie be-
tween two 1idges 406 feet north of Myers’ house
on the west side of a small tank. It is reached
hy going to Rochelle, traveling northeast on the
road to Placid. and turning off on the first main
highway running cast at a point about 0.9 of a
mile northeast of Rochelle, t1aveling 134 miles
duc cast, then tmning noith and traveling 2%
miles to a second 10ad going due easi. Drive 0.9 of
a mile on this road to a galte and secondary road
running south. Travel south on the sccondary
road toward Myers” house to the tank about one-
half mile south 1o the main road. The fossils are
in a shale helow the top of the ridge.

153-T-89 (L-13, Pl 1).—McCulloch
County. Two and nine-tenths miles east and 1.3
miles notth of Rochelle. It is reached by going
0.9 of a mile on the Placid road from Rochelle,
tutning due east and tiaveling 1% miles, then
tmning north on the Cowboy road and going 1.2
miles. ‘The lossils are near the bottom of a small
valley or gully about 1,000 feet duc east of the
road at this point. The best collecting was on
the south side of the valley in red shale beneath
the conglomerate beds.

153-T-100 (M-11, PL. 1).—Mc¢Culloech
County. Three and four-tenths miles east and
4.3 miles north of Rochelle on the west side of
the highway. It is reached by taking the Ro-
chelle-Placid road and driving northeast 0.9 of
a mile, turning due east and going 1% miles 10
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a north 10ad leading to Cowhoy. Take the Cow-
boy road and drive noith 4 miles to a road run-
ning east. The fossils arc in a grayish-yellowish
shale on the southeast and the southwest szides
of a low hill Tocated about 750 feel north and
500 feet west of the T-road running east.

153-T-113 (L-12, Pl, 1).—~McCulloch
County. One and four-tenths miles east and 1.8
miles north of Rochelle. This locality is reached
by driving to Rochelle and taking the Rochelle-
Placid 10ad and driving east and north a distance
of 2.2 miles to the Price ranch. Turn to the right
and diive about 0.1 of a mile towaid Price ranch
house. Then leave the rar and follow the fence
running due east a distance of about 0.4 of a
mile to the Adams Branch escarpment. The fos-
qils are on the noith <ide of the fencc at the
head of a gully just below the Adams Branch
limostone.
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POST-CARBONIFEROUS STRATA
CRETACEOUS SYSTEM
GENERAL RELATIONSHIPS

Strata of Lower Cretaceous age border
the Llano region on all sides except the
north and form a natural boundary which
limits mapping and siratigraphic studies
of the Paleozoic formations (map, PI. 1).
Everywhere the Cretaceous strata lie un-
conformably upon the older formations
and dip gently toward the southeast. The
contact of the Cretaceons with the Paleo-
zoic and pre-Cambrian rocks is that of a
progressive overlap.

In the Colorado River valley east of
Marble Falls in Burnet County, basal
Travis Pcak gravel is in contact with the
Paleozoics. But if one follows the Cre-
taceous contact from east to west toward
the interior of the region, and to topo-
graphically higher elevations, younger
and stratigraphically higher members of
the Lower Cretaceous come in contact with
the Ellenburger and older rocks, until, in
the Shin Oak hills northeast of Pontoioc
in San Saba County, Comanche Peak beds
are in contact with the Cambrian, indi-
cating clearly that the Llano region was
an island during the Travis Peak and
Walnut epochs, that as time elapsed the
island became smaller, and that finally,
during the late Comanche Peak or early
Edwards epochs, the area was entirely sub-
merged (Tafl, 1892; Cuyler, 1931; Barnes,
1941).

The Cretaceous unils recognized in cen-
tral Texas are listed as follows:

Fredericksburg group—

Edwards limestone

Comanche Peak limestone
Walnut clay
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Trinity group—
Paluxy sand (noitheastein part of area only)
Glen Rose limestone
Travis Peak formation—
Hensell sand
Cow Creek limeslone
Sycamore sand
These units are described briefly in the
following pages. Refereuces to literature
on the Cretaceous are given in the bibliog-
raphy following the descriptions.

TRAVIS PEAK FORMATION

Distribution and thickness.—The distri-
bution of the Travis Peak formation is in-
dicated on the accompanying map (Pl. 1)
by a letter symbol. Kt. It outcrops along
the east, south, and west borders of the
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Where the Travis Peak sequence is com-
plete, as in the deeper valleys and well
sections east of the region, it consists of a
basal conglomerale grading upward into
sand, a middle limestone replaced laterally
by red clay, and an upper pebbly sand
grading upward and laterally into a fine
sand. Due to overlap the formation thins
toward Lhe higher areas and transgresses
upward in the section. In some places
only the upper sand is present, and in
olhers the enlire {ormation has pinched
out, except a few fect or even only a few
inches of pebbly conglomerate. Measure-
ments of thickness of the Travis Peak for-
mation at several localities are shown in
the accompanying table.

Thicknesses of the Travis Peak formation

LOCALITY

U. S. Army water well at Camp Hood, Bell County

City water well at Burton, Burnet County

Burnet-Llano road 3 miles west of Burnct, Burnet County___
Type locality below Travis Peak post ofﬁvc on Cow Creek, Travis

THICKNESS AUTHORITY
Feet
____________________________ 250 F. B, Plummer
130 F. B. Plummer
,,,,,,,, 93 F. B. Plummer

County . e 263 Cuyler (1931, p. 1)
Hickory Creek, Burnet Countv 2632 Hill (1901, p. 135)
Hammelt’s Crossing, Pedernales River, Travis County . 217 Cuyler (1931, p. 37)
Deadman’s Hole, Tlays County 209a Cuyler (1931, p. 37)
Pedernales Fd“b, Fuchs’ 1anch, Blanco Counly ...... 151.5 Damon (1940, p. 17)
Cox’s Crossing, Pedernales River, Travis County _ 2604 Cuyler (1931, p. 25)
Rebecca Cireek, Comal County . _ 120a Cuyler (1931, p. 25)
Specks Crosging, Guadalupe River, Comal County 118 Cuyler (1931, p. 25)
Leon Springs, Bexar County . . 4802 A.Deussen?

Brady Mountain, Highway 87, McCulloch County B 18 H. G. Damon
Yates Crossing on Llano River, Kimble County . - 20 H. G. Damon
Old Llano road west of Hancock Park, Lampasas Connty__. ________ 50 1. G. Damon

McNett Cieek, Jones ranch near Wheeler i1anch line, Lampasas

County

28 1. G. Damon

Along Antelope and Elliott creeks, Lampasas County. . _ 55

AComplete section.

H. G. Damon

bSellards, E. H., The geology and mineral 1esources of Bexar County: Univ. Texas Bull. 1932, pp. 21--22, 1919.

Llano region and is deeply indented by
the major stream courses. It is particu-
larly well developed along the eastern side
of the uplift in Burnet, Comanche, and
Mills counties and is beautifully exposed
in Hamilton, Lynch, and Elliott creek val-
leys, tributaries of the Colorado. On the
south side of the region it is best seen
along the tributaries of the Pedernales,
and on the west side of the region it may
be seen along the Llano River valley,
particularly at Yates Crossing southwest
of London, and along the hase of Brady
Mountain in McCulloch County. North of
the Llano region, if cver deposited, it has
been removed by erosion.

Sycamore sand.—The Sycamore sand
outcrops in the valleys leading into Colo-
rado and Pedernales rivers on the east
side of the region. It consists typically of
a basal conglomerate grading upward into
a coarse sand. The lower conglomerate is
made up of subrounded cobbles 3 to ©
inches in diameter set in a matrix of finer
dolomite, chert, sandstone, quarlzite, gran-
ite, and quartz. In most places Ellen-
burger cobbles greatly predominate. The
largest cobble noted in several sections was
an Ellenburger chert fragment 7 inches in
diameter. The conglomerate has a pink
or reddish-gray color, and the overlying
sand is reddish brown. In places both the
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conglomerate and sand are quite firmly
cemented with a calcareous cement and
may weather to form large bhoulders and
blocks resembling concrete. Analyses of
the size, shape, and lithology of the con-
glomerate and sand have been made by
Damon (1940, pp. 8-56) and Bruce Grant.
Six of these analvses are included in the
accompanying table.
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The distribution of the conglomerate,
its type of cross-bedding, and the shape
and mode of assorting the pebbles, accord-
ing to Damon (1940}, suggest strongly
that the conglomerate was originally of
nonmarine origin and was deposited by
sireams as terraces or as a series of allu-
vial aprons spreading outward from the
central part of the region. The gravel

Size-frequency distitbution of cobbles and pebbles from the Sycamore conglomerate

(Percent by weight)
SIZE LOCALITY NUMRBERS
Millimeters 1 2 3 4 5 6
Laiger than 256 11.0 - e e
128-256 . 23.0 2.0 3.5 150 .
64-128 12.5 20.0 8.0 195
32— 64 5.0 23.5 - 21.0 18.5 .
16~ 32 4.5 5.0 30.0 9.0 16.9 20.53
8- 16 ___ 2.0 2.0 20.2 8.5 16.2 40.94
3-8 1.0 0.3 12.0 6.9 3.8 13.8%
2- 4 3.5 0.5 4.9 5.0 3.2 12.20:
- 2 11.0 2.2 4.6 5.8 2.2 6.42
05 - 1 12.5 10.0 11.4 6.7 1.8 2.62
0.25 -0.5 5.0 16.3 8.9 11.6 1.7 1.59
0.125 -0.25 1.2 2.5 3.2 6.5 11 0.88
0.0625-0.125 . 0.6 0.6 2.2 19 0.9 0.69
0.032 -0.0625 ... ___ - 0.5 1.3 0.7 0.2 0.18.
0.015 -0.032 e 49
Smaller than 0015 __ . 3.2 1.6 1.3 . R
Clay 4.0 30 L —
Localities-—

1. At Pedernales Talls (Fuchs’ ranch near Slide Rock. 4 miles south of Cypress Mills Post Office)
from near base ol conglomerate. (Analyzed by Gordon Damon.)

2. On Hickory Creek, 1 mile south of B. M. 835 on Marble Falls-Bertram road. Near base of
conglomerate. (Analyzed by Gordon Damon.)

3. Near mouth of Spanish Oak Creek on Austin Marble Falls road. Near top of conglomerate.
(Analyzed by Bruce Grant.)

4. Elliott Creek at crossing of old Lometa-Goldthwaite road. Probably about middle of conglom-
erate. (Analyzed by Gordon Damon.)

5. Top of cut, notth of road, 2.4 miles north and 0.5 of a mile west of Hall, Ncar base of con-
glomerate overlying Strawn. (Analyzed by Gordon Damon.)

6. Overlying Rochelle conglomerate, 1.5 miles west of No. 5 near basc of conglomerate.
alyzed by Gordon Damon.)

(An-

Size-frequency analyses of sand grains from
Sycamore sand in water wells east of region.
{Analyzed by Ernest Merkt.)

deposits undoubledly were later worked
over to some extent by the encroaching
Lower Cretaceous sea. The lithologic

(Percent by weight) character and the size analysis of the

SIZE LOCALITY 1 LOCALITY 2 nehhles are shown in the accompanying
Millimeters Percent Percent ]
L ham 042 table by Damon.
r than 042 . 7.12 . .
a&i‘; —0.121316 34,51 3232 The thickness of the Sycamore sand
0.246-0.147 47.69 41.07 varies greatly. It is thickest in Pedernales
(0).1({1)2784105 8.96 10.83 River valley and in water wells drilled
105-0.088 0.69 1.29 east of the region, and thinnest in central
0.088-0.074 . 0.65 1.61 oTIe TR .
Smaller than 0.074 . . 0.29 291 Burnet County where it pinches out against

Paleozoic rocks, and elsewhere where pre-
Cretaceous topography is high. Typical
measurements are shown in the accompany-
ing table.

Locality 1. U. S. Aimy Water Well No. 2,
Gatesville Camp, Coryell County.

Locality 2. TI. 8. Atmy Water Well No. 6,
Gatesville Camp, Coryell County.
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Lithologic analyses of pebbles from conglomerate in Sycamore sand
Dolomite Limestone! Chert
Type of particle and size
Locality in mm. E E M B C M Quartz Feldspar
1 Cobble, 64-128 100 et et e e
Pcbble, 8-16 75 250 .. e e e —_
Sand, 025-0.5 . 76.0 24.0
2 Cobble, 64-128 100 o e
Pehble, 8-16 80 . 11.0 8.0 1.0
Sand, 0.25-0.5 ... . . 152 .. 80.0 4.8
3 Pebble, 8-16 35 50 .. 50 . 100 ...
Sand, 0.25-0.5 e 3.8 71.0 19.2
4 Cobble, 64-128 100 o i it e e e -
Pebble, 8-16 36 540 100
Sand, 0.25-0.5 JU [ 70 92.0 1.0
5 Cobble, 64-128 28.5 28.5 215 ... 18.0 3.6 e
Pebble, 8-16 32.0 17.0 8.5 6.2 13.0 19.0 4.3
Sand, 0.25-0.5 el e e 100.0 -
6 Cobble, 64-128 4.0 1.5 28.0 270 155 ... 4.0
Pebble, 8-16 9.0 18.0 38.0 29.0 6.0
Sand, 0.25-0.5 = . i s e — 1000
"M, Marble Falls; B, Bainett; G, Chappel; E, Lllenburger.

bNo.
percent.

Localities—

% sample contains also limestone pebhles from the Wilbeins formation,

4.2 percent, end from the Chappel, 2

1. At Pedernales Falls (Fuchs’ ranch near Slide Rock, 4 miles south of Cypress Mills Post Office),

near base of conglomerate, Blanco County.

2. On Hickory Creek, 1 mile south of B. M. 835 on Marhle Falls-Bertram road, near base of

conglomerate, Burnet County.

3. Near mouth of Spanish Oak Creek on Austin-Marble Falls road near top of conglomerate.
4. FElliott Creek at crossing of old Lometa-Goldthwaite road, probably ahcut middle of con-

glomerate, Mills County.

5, Top of cut north of road, 2.4 miles north and 0.5 of a mile west of Hall near base of con-
glomerate overlying Strawn (analyzed by Crant), San Saba County.
6. Overlying Rochelle conglomerate, 1.5 miles west of No. 5 near base of conglomerate, San Saba

County.

Thicknesses of the Sycamore sand

LOCALITY

Water wells at Camp Hood, Bell County

Water well at Insane Asylum, Austin, Travis County
Cox’s Crossing, Pedernales River, Burnet County... -
Hammett’s Crossing, Pedernales River, Travis County e e .
Below Pedernales Falls, T'uchs’ ranch, Blanco County

Hickory Creek, Burnet County

Water well at Burton, Burnet County

West side of Hamﬂmn Creck valley, Burnet County

Smithwick-Marble ¥alls road at B. M. 899 __

THICKNESS AUTHORITY
Fect
75 T, B. Plummer
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 318 F. B. Plummer
93 R. H. Cuyler
62 R. H. Cuyler
_________________________________ 55 H. G. Damon
_____ 50 R. H. Cayler
50 T, B. Plummer
30 F. B. Plummer
22 F. B. Plummer
___________ 4 F. B. Plummer

Cypress Creek, north of Burleson house

Cow Creek limestone—The Cow Creek
limestone, lying hetween the upper and
lower sand members of the Travis Peak
formation, is well exposed at ils type
locality along Cow Creck, near Hamilion
Pool, Travis County, and also about 2
miles below Cox’s Crossing on Pedernales
River. It is a local shallow-water, marine
limestone, interbedded with shale and

thin shell beds in Blanco, Burnet, and
Travis counties in the southeastern part
of the region. In the central part of the
region it thins, changes to two or three
shel] beds separated by sand, and plays
out against Paleozoic rocks, Fasiward, it
is replaced by red clay, marl. and greemsh
gray silt. Its extent southward has not
been ascertained.
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This limestone member consists of hard,
grayish-white, rather thick, subcrystalline,
evenly bedded layers about 1 foot thick.
In some places, however, it carries thin
layers rather rich in oysiers and other
shallow-water forms” It resembles the
Glen Rose limestone, but is distinctly
harder, less granular, and more distinctly
bedded. The accompanying table shows its
thickness at several localities.
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Pelecypoda—
Cucullaea gracilis Cragin
Cucullaca terminalis Conrad
Ostrea camelina Cragin
Ostrea franklini Coquand
Ostrea alternans (Cragin)
Trigonia concentrica (Cragin)
Liopistha jurafacies (Cragin)
Arctica medialis (Conrad)
Arctica roemeri (Cragin)
Cyrena arkansasensis Hill
Astarte pikensis (Hill)
Phacoides potosinus (Costillo and Aguilera)
Protocardia mulistriata (Shumard)

Thicknesses of the Cow Creek limestone

LOCALITY

Hickory Creek, Burnet County

Cox’s Crossing, Pedernales Rlver Travw County____
Hammett’s Crossing, Pedernales RJVBI Travis County.__ ...

THICKNESS  AUTHORITY
Feet
B S 21 R. H. Cuyler

56 R. H. Cuyler
76 R. H. Cuyler

Deadman’s Hole, Travis County. 65 R. H. Cuyler

Cow Creek, type locality at Travis Peak, Travis County......__ . 27 J. A, Taft
Section of Cow Creek limestone on Hickory Gastropoda—

Creek (measured by Taff (1892) and revised by Nerinea texana Roemer

the author). Cephalopoda—

THICKNESS
Feet
3. Shell Dbreccia, cross-bedded, con-
taining many small rounded
grains and pebbles of quartg,
flint, and granite; also many
fossils including Trigonia, small
hivalves, and an ammonite_.. . 7
2. Shell conglomerate; worn {rag-
ments of aoyster shells and other
molluscs mixed with sand and
small pebbles. stratified and
cross-hedded . B} 5
1. Shale, bluish gray, interstratified
with calcareous sand containing
many shell fragments . __ . 15

Total thickness .. ... _ _ .. 27

At Deadman’s Hole in Travis County,
the member consists almost altogether of
hard, gray lo grayish-white limcstone in
beds about 1 foot thick. Some of the lay-
ers contain fossils,

The fauna of the Cow Creck limestone
has been studied by Cuyler (1931), who
lists 31 genera and 49 species. Most of
the species are new and have not yet been
published. The following forms have been
described by Cragin, Shumard, Hill, Roe-
mer, Wells, and others, and are in the
collections at The University of Texas.

Fossils jrom the Cow Cieek limestone

Anthozoa—
Orbicella travisensis Wells
Siderastrea cuyleri Wells

Dufrenoya roemeri (Cragin)

Hensell sand.—This upper member of
the Travis Peak formation outcrops above
the Cow Creek beds in Colorado and Pe-
dernales River valleys on the southeast
side of the region. Where the underlying
Cow Creek limestone has thinned out, the
Hensell sand becomes the basal sand of the
Cretaceous. It may be equivalent to the
lower portion of the Gillespie formation
in Gillespie County, a name given to the
Lower Cretaceous sand of that region by
Hill and Vaughan (1898, p. 221) and is
possibly present as a sand and conglom-
erate betwcen the Glen Rose and Paleo-
zoic rocks in certain localities on the west
side of the region.” Kast of the region, it
appears to be a very fine-grained, greenish-
gray sand above a thick, dark-red or
maroon clay and is called “upper Trinity
sand” by water-well drillers. The member
consists of conglomerate, composed in most
places of fine cobbles or pebbles at the
base and overlain by very fine, silty, cross-
bedded sand. The thickness varies con-
siderably, but in many places il reaches a
maximum of 60 to 100 feet, as shown in
the accompanying table.

9Barnes (1941) has eonfimed Hill and Vanghan'’s (1898,
p. 221) conclusion that at least the upper porizen of the
Gillespie sand 15 the shore facies of the Glen Rose lime-
stone.
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Thicknesses of the Hensell sand

LOCALITY

Travis Peak on Hickory Creek, Travis County.....

Hickory Creek, Burnet County

THICKNESS
Feet
263 R. H. Cuyler

AUTHORITY

40 R. H. Cuyler

Cox’s Crossing, Travis County

50 R. 1. Cuyler

Hammett’s Crossing, Travis County
Decadman’s Hole, Travis County

79 R. H. Cuyler
72 R. H. Cuyler

Rebecca Creek, Comal County

45 R. H. Cuyler

Specks Crossing, Comal County . .
Camp Hood water wells, Bell County

40 F. B. Plummer
70 F. B. Plummer
26 E. H. Sellards

Bertram City water well, Burnet County

Aitesian wells at Austin (natatorium well), Travis Counly, e 525

The Hensell sand comprises largely
angular and subrounded quartz grains
from 1/ to ¥4 mm. in size, although the
lower layers in many places arc much
coarser. In places, the sand contains much
fine silt and some calcareous cementing
matierial, so that the permeability is low-
ered considerably. The silt occurs hoth
mixed with the fine sand and in thin layers
between sand beds. The member in some
places also contains several thin layers of
oyster shells more or less broken and
waler worn and, in places. it is cemented
to form a highly calcareous lentil of sandy
limestone in the sand. The following tahle
shows the grain size ratios.

Size analysis of sand from Hensell sand of the
Travis Peak formation in percent by weight

(Analysis by Ernest Merkt)

Size of grains Sample A Sample B

Millimeters Percent Percent
Greater than 042 42.08 22.28
0.25 -0.42 33.85 37.50
0.149-0.25 X 29.26
00740149 5.63 8.49
0.063-0.074 0.54 0.90
0.053-0.063 __ 0.74 0.79
TLess than 0,053 0.34 0.64

Sample A. Water well No. 2, city of Bertram;
depth 330 feet.

Sample B. Water well No. 4, U, S, Army,
Gatesville Camp; depth 510-515 feet.

Two tlypes ol eross-bedding occur: One
resembles the bedding found in barrier
beaches and another has strong foreset
beds, indicating deltaic deposition. In
both lypes, however, the sand appears to
be of shallow-water and near-shore origin,
The oyster and gastropod shell beds
clearly indicate marine, near-shore condi-
tions. This upper sand marks a trans-
gressing sea epoch, which culminated in
deposition of the thick beds of Glen Rose
limestone.

J. A, Taft
GLEN ROSE LIMESTONE

Distribution and thickness—The Glen
Rose limestone overlies the Travis Peak
formation in the topographically lower
areas of the Llano region along the Colo-
rado, Pedernales, and Llano river valleys
and overlaps on to the Paleozoic rocks in
the topographically higher arcas on the
divides between these valleys, The Llano
region was an island during Travis Peak
time, and the Glen Rose sea transgressed
over the island, nearly enveloping it. Ac-
cordingly, the Glen Rose sediments in
their basal portion exhibit a beach and
shallow-water facies. The Glen Rose for-
mation thins toward the higher elevations
and pinches oul against the highest points
on the Paleozoic surface. The thickness,
therefore, varies markedly from place to
place, the character of the sediments
changes from limestones to marls, and
then to basal sandy and pebbly f{acies as
the elevated regions arc approached. Only
a few Glen Rosc sections have been meas-
ured, but those will serve as typical
examples:

Thicknesses of the Glen Rose limestone

LOCALITY THICKNESS
Feet

Water well at  Bertram, Burnet

County . . . . 2350
Buinet-Austin 10ad 2 mlles cast of

Burnet 617.5
Burnet-T.lano road, 2 miles west of

Burnet 74.0
Brady-Coleman road at Brady Moun-

tain (measured by H. G. Damon)} 75.5

1 wile west of Frna, Menard County 45.0 to 100

Lithology—The Glen Rose limestone in
its shoreward facics is dark-gray, sticky,
colloidal marl, weathering light gray,
forming poor caliche-like soils, and con-



The Carboniferous Rocks of the Llano Region of Central Texas

taining several layers of light-gray to
nearly white limestone. Some of the lime-
stone layers near the boitom are made up
Iargely of small Turritella-like shells, are
very porous, and in a few places are im-
pregnated with asphalt. Farther away
from the shore line in central Lampasas

County, the Glen Rose consists of alter-

nating layers of granular, suberystalline
limestone and soft marly clay. The lime-
stone layers resist erosion morc easily
than the marl, so that the hillsides are
sculptured in the form of a series of step-
like benches which produce a striking
physiographic feature in the landscape.
These benches are characieristic of the
Glen Rose. Farther east in Williamson,
Coryell, and Bell counties the Glen Rose
formation is made up almost entirely of
gray and blujsh-gray, rather hard, non-
crystalline, granular limestone containing
thin partings of black shale or marl. The
granular texture of the limestone is a
characteristic feature of the Glen Rose.
Under the microscope, much of the mate-
rial appears to be made up of black and
white small, morc or less rounded lime-
stone grains averaging about 1/10 of a
millimeter in diameter. In some layers,
the black and while grains are present in
about equal quantities. In others, white
grains predominate and the black ones
appear to be suspended in the gray ma-
trix. Somc of them appear io be, and
probably are, small oolites. Many of them,
however, are small limeslone grains which
were formed along the coast lines, prob-
ably by granular precipitation of calcium
carbonate duc to aeration of calcium bi-
carbonate sea water. The grains were
washed along the coast and seaward by
currents and deposited just like silt or
sand grains on the sea-bottom. The lime-
stone is nearly pure calcium carbonate.
When dissolved in acid, generally less
than 2 percent of insoluble residue is
obtained. Although the Glen Rose con-
tains a few porous and permeable zones,
for the most part the permeability is low.
Cores through a lypical section on Lam-
pasas River near Maxdale, Bell County,
furnished the following porosity and per-
meability measurements (Plummer and

Tapp, 1943).
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Permeability, porosity, and specific gravity of

Glen Rose limestone, Maxdale distiict, Bell
County.,
SPECITIC RADIAL
DEPTH GRAVITY POROSITY PERMEABILITY

Feet Percent  Millidarcys
18.5 - e 0.397
20,5 2.619 16.5 2,200
22.5 2.700 1822
25.0 2.677 17.33 .
26.0 2.642
28.5 2530 .. 0.828
30.5 e e 0.340
32.0 2.621 1362
33.25 2.677 17.87 .
33.5 2.691 16.18
35.0 2.621 16.03 ..
39.0 2.609 1640
40.5 2.692 18.83 ...
41.0 0.227
@220 . 8.150
43.0 I . 0.417
44.5 2.665 1wz
47.0 1.324

On the north side of the uplift in San
Saba and eastern McCulloch counties, the
Glen Rose limestone is missing. At Ro-
chelle in eastern McCulloch County, Wal-
nut marl lies dircctly on Marble Falls
limestone. In western McCulloch County
along the base of Brady Mountain, Da-
mon found 50 to 75 {eet of limestone and
marl below the Walnut marl which he
referred to the Glen Rose. In western
Mason County near the Kimble County
line along the base of Blue Mouniain and
along the cscarpment west of Erna in
eastern Menard County, the strata helow
the Walnut consist of marl, sandy marl,
and sand at the bottom, having a total
thickness of about 100 feet. This sand and
sandy mar] facies is probably all of Glen
Rose age, although the lower 55 feet of
the seciion resembles closely in lithology
and appearance the Henscll sand of the
Travis Peak formation. Still farther west
at London there is a limestone present
below the Walnut clay. At the base of
the section at Yates Crossing on Llano
River, the coarse conglomerate has been
tentatively referred to the Travis Peak
formation, although this too may be of
Glen Rose age. It is apparent, therefore,
that the Glen Rose thins and grades to a
marl and finally to silt and sand around
the higher elevations in the pre-Crelaceous

topography.
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Paleontology.~The Glen Rose lime- Pyrina, n. sp.
stone has mnot yet been subdivided into Enallaster texanus (ﬁioemer) (Heteraster, ac-
N . cording to Adkins
members or zones by means ol fossils. In Fnallaster obliquatus Clark
central Texas on the east and northeast Hemiaster whitei Clark
side of the Llano region, a prominent and Hemiasler comanchei Clark

Brachiopoda—
Rhynchonella, n. sp.
Kingena, n. sp.

persistent zone of small turreted gastro-
pods belonging to the genera Cassiope and

Certthium occurs mear the base of the Pelecypoda—
Glen Rose and can be traced laterally for Nucula, n.sp.
many miles. Marion Whitney (1937, p. 5) Cucullaea terminalis Conrad

Cucullaea gratiola Hill

found that an echinoid, Sulenia texana Cueullaca gracilis Cragin
Credner, occurred in a definite zone about Cucullaea, n. sp.

275 feet above the base of the {formation. Arca texana (Roemer)

F. L. Whitney'?® states that a small pelecy- *f;“a’ . 8P

pod, Nuculana, occurs in large numbers O:g;’f;_ssg'

in a definite zone that can be traced from Exogyra weatherfordensis Cragin
Cow Creek to Shoal Creek. In core tests Ixogyra, n. sp. )

at Mansfield Dam (formerly Marshall ﬂ“{"y(’n}a aliernans (Cragin)
Ford Dam) it was found 278 feet above Tr?goiﬂg?ls_’ :;J 5p-

the base, at Cow Creek 100 feet above the Hinnites, n. sp.

base, and at Shoal Creek, 47 feet above Neithea irregularis (Bése)

the base. On the south and southeast Eeczen stantoni il

sides of the region, several zones contain- Pfii;t?;l:, ﬁp p.

ing an abundance of the large foraminifer Spondylus, n. sp.

Orbitolina texana (Roemer) occur in the I}(im‘d wacoensis Roemer

lower part of the formalt,lon.' In water M%?ﬁl? Icl(.)nsg::e.ntrice-costellata Roemer
wells southeast of Gatesville in Coryell Modiola branneri Hill

County, these interesting forms, which Modiola, u. sp.

characterize the Glen Rose, were collected Mytilus, n. sp.

Homomya knowltoni (Hill)
Homomya, n. sp.
Pholadomya, n. sp.

from two horizons. one 10 feet above the
base and the other 150 feet above the base.

Some of the marly layers interbedded with Anatina, n. sp. _
the limestone layers contain numerous Liopistha (Psilomya) solida (Cragin)
ostracodes and small charas. On the whole, Liopistha (Psilomya) jurafacies (Cragin)

Liopistha (Psilomya), n. sp.

microfossils are less common in the Glen Liopistha (Psilomya) alta (Roemer)
Rose than in some of the other Cretaceous Cypricardia compacta (White)
[ormations. On the other hand, casls of cer- Cypricardia, n. sp. d
tain large fossils, especially large gastro- ﬁi;:::: tﬁxi?)a (Conrad)
pods and pelecypods, are quile common. Arctica medialis (Conrad)
The following forms have been identified Arctica gibbosa (Giebel)
by Marion Whitney (1937) . Arctica roemeri (Cragin)
Astarte, n. sp.
Fossils identified from the Glen Rose Crassatellites, n. sp.
limestone Cardita, n. sp.
Toucasia texana {Roemer)
Echinoidegm Toucasia, n. sp.
Pentacrinus, n. sp. Monopleura marcida White
Leiocidaris, n, sp. Monopleura subtiiquetra Roemer
Salenia texana Credner Immanitas, n.sp.
Salenia mexicana Schliiter FTacina (Phacoides), n. sp.
Salcpia, n. sp. Corbis, n. sp.
Goniopygus, n. sp. Cardium congestum Conrad
Orthopsis, n. sp. Cardium, n. sp.
Pseudodiadema texanum (Roemer) Cardium snuhbcongestum Bose
Psendodiadema, n, sp. Cranocardium, n. sp.
Diplopodia texanum (Roemer) Protocardia texana Conrad

Holectypus planatus Roemer

Protocardia multistriatum (Shumard)
Holectypus, n. sp.

Meretrix texana (Conrad)
WPc1gonal communication, 1945. Meretrix, n. sp.
£l p
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Cyprimeria texana {Roemer)

Tapes decepta (Hill)

Tapes, n. sp.

Corbula, n, sp.

Panopea henselli (Hill)

Panopea, n. sp.
Gastropoda—

Pleurotomaria, n. sp.

Turbo, n. sp.

Nerita, n. sp.

Purpuroidea, n. sp.

Tylostoma, n. sp.

Lunatia pedernalis (Hill)

Natica, n. sp.

Awmauropsis, n, sp.

Siliquaria, n. sp.

Pleurocera branneri (Hill}

Nerinea, n.sp.

Nerinea texana Rocmer

Nerinella cf, circumvoluta (Cragin)

Nerinclla, n. sp.

Cerithium, n. sp.

Strombus, n. sp.

Harpagodes, n, sp.

Fusus, n. sp.

Trochactaeon, n. sp.

Cylichna, n. sp.

The following corals have been identi-

fied hy Wells (1932) :
Glen Rose—

Tiarasmilia casteii Wells
Astrocoenia whitneyi Wells
Astrocoenia scyphoidea Wells
Parasmilia bullardi Wells
Aplosmilia tolmachoffana Wells
Stephanocoenia guadalupae Wells
Connectastrea infundibuliformis Wells
Cyathophora haysensis Wells
Eugyra cuyleri Wells

Orbicella travisensis Wells
Orhicella whitneyi Wells
Orbicella comalensis Wells
Theocosmilia, n. sp.
Blothrocyathus harrisi Wells
Tydnophora blancoensis Wells
Siderastrea cuyleri Wells
Isastrea whitneyi Wells
Complexastrea glenrosensis Wells
Centiastrea vaughani Wells
Cyathomorpha camoni Wells
Diploasirea harrisi Wells
Siderofungia irregularis Felix
Polyphyllastrea simondsi Wells
Meandraraea plummeri Wells
Meandraraea sp. cf. M. tulae (Felix)
Microsolena texana Wells
Dimorpharaea sp. cf. D. barcenai (Felix)
Heterocoenia hilli Wells
Astreopora leightoni Wells
Epiphaxum labyrinthicum Wells
Comalia {asciculata Wells
Polytremacis hancockensis Wells

PALUXY SAND

The Paluxy sand extends in a narrow
band only a few feet thick around the
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east and northeast border of the Llano
region, across ceniral Burnet and mnorth-
central Lampasas counties. and occurs at
the base of Cretaceous outliers north of
the region. In most places it is less than
10 feet thick. The following table shows
a number of measured thicknesses in the
east and northeast part of the region. No
true Paluxy sand has yet been recognized
south or west of the Paleozoic rocks.

Thicknesses of the Paluvy sand

LOCALITY THICKNESS

Feet
Steep hill 3 miles north of Bertram,

Burnet Counly . .o . 10t015
Trom 3 to 5% miles south of Bertram,

Burnet Counly . oo 20
Bachelor Peak, Williamson County ... 10to 15
Santa Anna Mountain, Santa Anna,

Coleman County . ... . 100

The Paluxy sand is made up of remark-
ably uniform, fine-graived quarlz sand
which averages only 0.1 of a millimeter
in diameter and grades upward into silty
marl. Tn places it is somewhat cemented
by a calcareous cement hut is not so highly
indurated as the Travis Peak below. Its
chiel importance in this region is as a
shallow-water supply for ranches and
farms. At Santa Anna it has been used
as a source of glass sand. It also serves
as an important stratigraphic zone in
geological work, marking the division be-
tween the Fredericksburg and Trinity di-
visions and designating the top of the
Glen Rose formation. The sandy zone can
be located in most wells on the east side
of the region. The size of the sand grains is
shown in the following screen analysis:

Size-distribution of sand grains from Paluxy
sand at a depth of 65 feet, Bertram city water
well No. 2, Burnet County.

(Analysis by Ernest Merkt)

Percent by

Size in millimeters weight

Greater than 084 . 2.54
0.250-0.84 . L86
0.102-0.250 ... e 18,62
0.074-0.102 64.32
0.063-0.074 5.80
0.074-0.053 ... 6.04
Less than 0053 . . 1.82

WALNUT CLAY

Distribution and thickness—The Wal-
nut clay, as originally defined, comprises
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a definitc shell conglomerate and marl
zone that can be traced around the Llano
region, except on the mnorth, and which
can be found to overlap on the Paleozoic
rocks al many of the higher topographic
points, particularly in the vicinity of Nix
in Lampasas County, Goodrich ranch and
Potatotop Mountain in Burnet County, at
Rochelle and along Brady Mountain in
McCulloch Countv. In these places there
are generally only a few inches of sand
and pebble conglomerate at the base fol-
lowed by tvpical fossiliferous marl. The
thickness of the marl varies considerably
in different places from 15 to 50 feel or
more. At the type localily it is 60 feet
thick, and in Lampasas County it is said
by Adkins to reach a thickness of ncarly
100 feet (1933, p. 330). The following
thicknesses were measured in the Llano
region:

Thicknesses of the Walnut clay

LOCALITY TIIICKNESS

Feet
One mile east of Burnet, Burnet County 30

North end of Long Mountain, cast side
of Gaodiich 1anch northwest of Bur-

net, Buinet Counly . . . 21
Peny Mesa, Goodrich ranch, Burnet

COUNEY e ol e e 21
One-fourth mile east of Rochelle, Me-

Culloeh County . B 60
Shovel Mountain, Blanco County .30

Lithology —In ihe Llano region, the
Walnut clay is a distinctly light yellow
or dark-cream, somewhat nodular, fossilif-
erous marl, distinctly yellower than the
formalions above and below. On steep
slopes it is largely covered by the talus
from the overlying nodular Comanche
Peak limestone. On gentle slopes and in
valleys, the clay forms an area of culii-
vated fields. Recently, because of its high
marl content, it has been utilized as a
topping in road conmsiruction and many
“caliche” pits are located along its out-
crop. These siles in many places have
become good localities for collecting
fossils.

Paleontology.—TFossils are common in
the Walnut, and in many localities large
numbers can be collected. Unfortunately,
many of the specimens are in the form of
casts of the shell interior. Large numbers
of echinoids (Heteraster and Salenia),
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oysters (Exogyra texena Roemer), and
thin, disc-like pelecypods (Cyprimeria
texuna Roemer) arc especially common
and help to identify the Walnut. The
well-known shell beds, made up of count-
less numbers of the common gryphaeas,
so characteristic of the Walnut in north
Texas, are less common in the Llano re-
eion. They have been found only in Lam-
pasas Counly, particularly a few miles
south of lomela. The following fossils
from the Walnut of the Llano region have
been identified by Adkins:

Fossils identified from the Walnut clay

Echinoidea—
Phymosoma texanum (Reemer)
Tetragramma aff, hilli (Clark)
TTolectypus planatus Roemer
Heteraster adkinsi Lambert
Heteraster bohmi (de Loriol)
Heteraster mexicanus (Cotteau)
Heteraster aff. obliquatus (Clark)
Heteraster texanus (Roemer)
Heteraster aff texanus (d’Orbigny)
Heteraster s
Epiaster Whltel (Clark)
Hemiasier comanchei Clark
Annelida—
Sexpula sp.
Pelecypoda—
Caudita posodae Bose
Corhis (Muticlla) roblesi Bose
Cypiimeria texana (Roemer)
Cyprimeiia sp.
Exogyra texana Roemer
Tlomomya bravocnsis Bise
Homomya jurafacies Cragin
Homomya afl. ligeriensis (d’Orbigny)
HMomomya solida Cragin
Gryphaea marcoui Hill and Vaughan
Inoceramus aff. concentiicus Paikinson
Leptosolen?
Modiola stonewallensis Cragin
Pecten (Neithea) iricgularis Bose
Pecten (Neithea) occidentalis Conrad
Pecten sp.
Piotocaidia filosa Conrad
Protocardia texana (Courad)
Pteria aff. aguilerae (Bose)
Pteria pedernalis (Roemer)
Pholadomya pedernalis Roemer
Pholadomya sancti-sabae Roemer
Remondia robinsi (White)
Pinna comaucheana Cragin
Pinna gnadalupae Bosc
Tapes sp.
Trapezium texanum (Roemer)
Trigonia emoryi Conrad
Anchura sp.
Anchura subfusiformis (Shumard)
Lunatia pedernalis Hill (not Roemer)
Gastropoda—
Turritella granulata var. cenomanensis
d’Orbigny
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Tuwiritella sp.

Tylostoma chihuahuense Bose

Tylostoma elevatum (Shumard)

Tylostoma mutabile Gabb
Ammonoidea—

Engonoceias, n. sp.

Engonoccras stolleyi Bohm

Metengonoceras hilli Bohm

Oxytropidoccras acutocarinatum  (Shumard)

Oxytropidoceras chihuahuense (Bise)

Oxytropidoceias trinitense (Gabb)

Oxytropidoceras, n. sp.

Fossil Localities

Numerous fossils have heen collected
from the following localities:

27-T-9 (FF-25).—Burnet County. Noith
end of long Mountain 2.1 miles southeast of
Perry B. M. This locality is reached by taking
the Burnct-Lampasas road and iraveling 9.7 miles
notth of Burnet o crossroads. At crossroads,
fuin west and travel 16 miles, then turn west
through a gate and go along o winding secondary
road to Houck ranch house, a distance of 414
miles; then pioceed a distence of 0.9 of a mile
to the noithwest end of Long Mountain, The
road at this point hends around the end of the
mountain and tuins due south. The fossil locality
is on the nmthwest end of Long Mounlain, ou
the south and east sides of the road just south
of the hend (map, PL 1),

27-T-19 (FF-24).—Burnet County.
Thiee and one-half miles south and 2.4 miles
west of Naiuna on south side of Peiry Mesa,
Goodiich sanch. The locality is reached by tak-
ing the road leading southwest fiom Naruna
to the Goodrich 1anch and traveling 3.4 miles
fiom Naruna to the old 1anch house near a
small pond, then continuing 0.4 of a mile faither
to a goat shed on the south side of a prominent
mesa. The fossil locality is on the south side
of the mesa near the goat shed, a few hundred
feet noith of the 10ad.

141-T-16 (FF-12).—Lampasas County.
Three miles east and 3 miles north of Lometa.
The locality is reached by starting at the school-
house in Lometa and going north 0.3 of a mile,
tuining notthcast and going 0.2 of a mile to a
T-road, then turning sharply north on the T-road
and traveling norith 0.5 of a mile and then
northeast 2.2 miles to another T-road leading
north. Take the north road and drive 0.3 of a
mile to a stecp hill. The fossil locality is on the
west side of the road and on the south side of

a steep hill. Many excellent echinoids have
been collecied here,
153~-T-131 (K-13).—-McCulloch County.

One-fomth of a mile north of Rochelle on new
highway to San Saba, west of railroad. The lo-
cality is a good exposurc at the top of a low
hill along a road cut and excavation on the north
side of the road.
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COMANCHE PEAK LIMESTONE

Disiribution and thickness.—The Co-
manche Peak limestone oulcrops in a
narrow band along the steep slopes of
the flat-topped, Edwards limestone-capped
mesas and ridges in Burnet and Lampasas
counties on the east, on the slopes of out-
liers and mesas of Ldwards limestone in
McCulloch and Mason counties on the
west, and below the Edwards outcrop in
Blanco and Gillespie counties on the south,
i thus {forms a very winding, highly in-
dented band along divides and at the heads
of small branches around the mnorth and
south sides of the region and along many
scattered mesas and ridges on the west
side. It is also present on a few scat-
tered Cretaceous remnants in Llano and
San Saha counties near the center of the
region. It has not yet been mapped in
detail throughout iis extent.

Adkins and Arick (1930, p. 33) regard
the boundary hetween the Comanche Peak
and the Fdwards 1o be the point where
the more or less nonstralified nodular lay-
ers change to well-hedded, thick strata
containing in this southern area a rudistid
farna. In most places fos<ils do not oceur
near the boundary, aud some geologists
draw the upper boundary of the Co-
manche Peak where chert and dense
suberystalline limestone layers having
conchoidal fractures first appear. In Bur-
net Counly, near the contact belween the
Comanche Peak and Edwards, there is a
thick, massive, finely crystalline to granu-
lar limestone about 12 feet thick, overlain
by an “oolitic”™* bed 2 to 3 feel thick.
This layer caps many escarpments, forms
a very conspicuous cliff-forming ledge,
and in many places shows up prominently
both in the topography and in aerial
photographs. Above the “oolite” ledge,
typical oak brush or “schinery,” so char-
acteristic of the Kdwards Plateau, appears,
and below the ledge the stecp slopes are
covered with Spanish oak or cedar. Be-
cause of this sharp change in lithology
and vegetation, most geologists draw the
linc between the Edwards and Comanche
Peak at the base of the massive, cliff-
forming limestone.

UThe “oclite” ledge 38 composed mainly of miliolids, cal-
careous I'oraminifera.
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The [ollowing table shows some meas-
ured sections of the Comanche Peak in
the Llano region:

Thicknesses of the Comanche Peak limestone

LOCALITY THICKNESS

Feet
Burnet-Austin highway 2% miles east
of Burnet, Burnet County (Coord.
1J-30, PL 1) o 30
Burnet-Llano highway 2 miles west of
Burnet, Burnet County (Coord. HH-

30, PL1) o . 29
Road 1% miles due west of Erna, Me-

nard County (Coord. D-30, PL. 1) . 95
Shovel Mountain, Blanco County....... 35

Lithology and boundaries—The Co-
manche Peak limestone in the Llano re-
gion is essentially a nodular limestone.
The nodules are 2 to 5 inches in diameter,
white or cream-colored, noncrystalline,
and set in a malrix of chalky marl;
a seclion exposed along a roadside or
stream bank looks like a huge pile of large
solidified biscuits. Generally, the strata
are poorly bedded and sparsely fossilifer-
ous, although some of the layers near the
base are exceptions. The base of the for-
malion is generally placed at the contact
with the underlying predominant clay
strala containing numerous fossils. The
distinction, however, is a lithologic one.
The Walnut clay in most places grades
into the Comanche Peak limestone and
there is no sharp lithologic or paleonto-
logic boundary. Tor this rcason, some
geologists'? believe that the Walnut and
Comanche Peak beds should not be made
separate formations. The upper boundary
is also somewhat of a problem.

The Comanche Peak limestone appears
to be a facies transition from the cal-
careous clays and marls of the Walnut
to the thick, dense, massively-bedded lime-
stones of the Edwards. The Comanche
Peak conlains alternating layers of lime-
stone and mar! quite similar 1o those in
the Walnul. Above these alternating lay-
ers the marls give way to limestones. In
most places, however, the limeslone layers
appear to be made up of a mass of nod-
ules or to be a dense limestone which has
a peculiar fracture so that it breaks up
and separates to form a mass of large
nodules. Many of the nodules contain

12F, L. Whitney, personal communication,
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fragments and complete casts of fossils
as if the calcareous ooze forming the
rock had been precipitated around shell
fragments to form concretions and the
concretions had never quite joined to
form a solid limestone layer. The whole
formalion consisis of about 94 percent
nodular limestone, 5 percent marl, and
perhaps 1 percent casts of fossil fragments
of oyster shells, etc., like those in the
Walnut below. Because of this conglom-
eratic-like lithology the Comanche Peak
disintegrates and erodes more easily than
the resistant cliff-forming and mesa-
capping layers of Edwards above, and,
therelore, outcrops mainly around the
sides and bases of the Edwards ouiliers
and along the upper slopes ol the Walnut
clay valleys.

The origin of the nodular structure of
the Comanche Peak limestone is one of
the interesting problems of the region.
The thick limestone beds of the Glen Rose
quite definitely are made up ol granules
which formed along the shores by pre-
cipitation {rom bicarbonate waters and
were deposited like sedimenls in deeper
waters. Some of the layers ave distinctly
oolitic. Many of them contain Forami-
nifera and foraminiferal limestone and
occur in the lower beds of the Edwards.
The Comanche Peak nodules, on the other
hand, are more dense, move compressed,
and more like concretions or marl balls.
They appear to have formed by direct
precipitation and accretion around some
calcium carbonate kernel or around some
precipitating agent, and perhaps were
rolled back and forth by currents on
muddy bottoms bhefore coming to rest
They are now piled up to a thickness of
20 to 50 feet and are morve or less ce-
mented together. The exact method of
accretion of the biscuit-like nodules is
unknown, and the whole problem is
worthy of much more thorough investiga-
tion. This peculiar type of limestone sedi-
mentation, whatever its origin, is very
widespread and fairly uniform in thick-
ness and appearance. The nodular bed
can be traced eastward across Williamson,
Coryell, and into middle Bell County, a
distance of 100 miles or more.

Paleontology.—The fauna of the Co-

manche Peak formation has never been
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monographed. The ammonites are con-
sidered by Adkins and Arick (1930, p.
34) to be the most characteristic fossils,
although even those arc so similar to the
ammonites in the Walnut that it requires
careful measurements and selection of
varietal differences to distinguish differ-
ences. Adkins has identified the fo”owing
fossils from the Comanche Peak of central
Texas.

Fossils identified from the Comanche Peck

formation
Echinoidea
Heteraster adkinsi Lambert
Pelecypoda

Coibis (Mutiella) rohlesi Bose
Cymimeiia texana (Roemer)
Cardita posodae Bose
Cardium subcongestum (Biase)
Homomya aff. ligeriensis (d’Orbigny)
Inoceramus all. concentricus Parkinson
Pecten (Neithea) occidentalis Conrad
Pinna guadalupae Bose
Ptetia pedernalis (Roemer)
Protocardia filosa Conrad
Tapes whitei Bose
Trigonia emoryi Conrad
Anchura subfusiformis (Shumard)
Anchura kiowana Cragin
Exogyia texana Roemer

Gastiopoda—
Turritella afl. granulata var. cenomanensis

d’O1bigny

Ammonoidea
Oxytropidoccras acuntocarinatum (Shumard)
Oxytiopidoceras tiinitense (Gabb)

Three from this list, Owyiropidoceras
acutocarinatum (Shumard), Pecten (Nei-
thea) occidentalis Conrad. and Exogyra
texana Roemer, arc very common, casy io
recoghize, and characteristic of the Wal-
nut and Comanche Pcak formations. They
scrve, Lherefore, as useful aids in the
identification of these iwo Lower Creta-
ceous units.

Fossil Localities

The [ollowing fossil localities in thc
Comanche Peak formation have an abun-
dance of fossils. The localities are shown
on the map, Plate 1, and are easily rcached.

27-T-25 (HH-30).—Buwinet County. On
the north side of Buwinet highway (State high-
way No. 29}, 3% miles west of Burnet, along
the steep slope above caliche pit and below Ed-
wards limestone.

Z7-T-26 (JJ-30).—Bunet County. On the
Buinet-Austin highway (State highway No. 29),
1.1 miles east of Bwnet and 02 of a mile south
of Buinet, top of <mall wmesa above Walnut
caliche pit.
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27-T-27 (JJ-30).—Buinet County. On the
Burnct-Austin highway (State highway No. 29),
2.2 miles east of Burnct below Edwards lime-
stone.

27-T-28 (JJ-32).—Burnet County. Ridge,
0.2 of a mile north of Thurston School 3%

miles south and 1%4 miles east of Burnet. The
locality is reached hy driving south from Burnet

on the old Marble Falls highway (located about
1'% miles east of the present highway), a dis-
tance of 4.1 miles to a road going east. Drive
cast 1.8 miles to the schoolhiouse and walk uorth
to the ridge.

153-T-131 (K-13). McCulloch County.
Road cut 0.3 of a mile northeast of Rochelle,
on noithwest side of highway (U. S. highway
No. 190. The Comanche Peak limestone is on the
ridge abave the caliche pit.

141-T-18 (HH-17).—T.ampasas County.
On the north side of Lampasas-Lometa highway
(U. S. highway No. 190), 7% miles northwest
of Lampasas on ridge above caliche pit.

EDWARDS LIMESTONE

Distribution and thickness—The Fd-
wards limestone caps the tops of the mesa
ridges and upland flals that rise above
or horder the Glen Rosc limestone on ihe
easl, south, and west, and forms the top
of the outer rim around the Llano region.
The rock is easily recognized as the re-
sistant ledge capping most of the cleva-
tions in ceniral Lampasas County. Tt
forms the charecterisiic topography of
flat-topped hills and steep slopes called
by R. T. Hill the Lampasas cut plain. In
McCulloch, Mason, and Kimble counties
on the west it caps most of the prominent
flat-topped clevations and is the resistant
rock forming the top of Blue Mountain
and Brady Mountain. lts outcrop in places
is very much dissecied by streams and is
winding and dendritic. In other places only
small remnants remain, and it stands out
as isolated outliers in some places many
milcs distant from the main escarpment.

The Kdwards limestone appears to exist
in three facies. In the Buarnet and Lam-
pasas region a white, massive, thick, fine-
grained, even-textured ledge 5 to 9 feet
thick occurs at the base of the formation.
This ledge is very persistent and is made
up of fine oolite-like granules which may
have originated as foraminiferal shells of
miliolids or miliolid-like forms. Above
this ledee the formation consisls of thin
ledges of limestone which hreaks with a



114

conchoidal fracture and is so smooth and
fine grained that ils surface has the ap-
pearance of glazed china. These layers
contain a few small, hard, dark-colored,
chert nodules. Upward in the sections the
hard layers become somewhat thicker and
in many places the proportion of chert
nodules increases. ‘These thicker chert-
bearing layers grade upward and laterally
into a rudistid reef facies which consti-
tutes the third lithologic division. The
rudistid rock consists of a mass of large
curved horn, coral-like rudistids belong-
ing to the genera Caprineg and Caprinula,
Eoradiolites, Toucasia, and others, form-
ing a twisted mass. This facies is quite
cavernous, containing many holes where
fossils have dissolved away and unfilled
voids between the fossils. This rudistid
facies generally has a reddish-brown stain
derived {rom weathering and soil forma-
tion. The stain is most noticeable on the
under surface of the limestone and along
joint planes and cavities. When freshly
broken, however, the rock is creamy white.
The thickness of the Edwards varies from
30 to 60 feet. It is apparently somewhat
thicker on the west side of the region than
on the east, but its characteristics are the
same everywhere. Typical sections of the
Edwards limestone are as follows:

Section of Cretaceous strata on Llano-Burnet
road on north-facing hill, 3 miles west of Burnet,
Buinet County (Coord. HH-30, PL 1).

THICKNESS
Feet
Edwards (12 feet)—
8. Limestone, light gray, thin bed-
ded, hard, breaks with con-
choidal fracture, subcrystalline,
lithographic texture . .. .. 6.5

7. Limcstone, white to light glay,

weathering cream-colored, mas-

sive, unbedded, oolitic; made
up largely of a mass of minute
miliolids . . . ____. 5.5

Comanche Peak (105.5 feet) —

6. Limestone, gray, nodular, mostly
covered by talus from above and
interbedded with some marl _

5. Limestone, light gray, marly, forms
stecp slope and weathers to
small, angular chunks contain-
ing a few fossils among which
is Exogyra texana .

4, Limestone, gray, hald “fossilifer-
ous, producing a conspicuous
ledge ... . e ... 15

Walnut—

3. Marl, gray, silty, mostly covered

w1th talus N

56.0

43.0

14.5
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THIGKNESS
Feet
Glen Rose(?) or Paluxy(?) (107.5
feet) —
2. Sand, greenish giay, extremely fine
grained, almost a silt, much

cross-hedded, somewhat consoli-
dated, calcareous, and interbed-

ded with thin layers of marl . 38.0
1. Sand, reddish brown, coarse, con-

taining many pebbles and hav-

ing a coarse, pebble conglom-

erate at the base .. ... 55.0

Section of Cretaceous formations on Shin Oak
Mountain 13 miles southwest of San Saba in
San Saba County (Coord. T-21, PL. 1).

THICKNESS

Feet Inches
Kdwards—

3. Limestone, light gray to white,
hard, Dbreaks with conchoidal
fracture, mosily unfossiliferous 6 2

Waluut—

2. Mal, chalky, soft, fossiliferous,
interhedded with at least four
layers of fairly hard, chalky
limestone .. .o e o o 43

Basal conglomerate—

1. Limestone, light gray, hard, sub-
crystalline, containing a great
number of small, subangular
to angular chert pebbles a
fraction of an inch in size .. .. 2 5

Section of Cretaceous formations on road 2
miles west of Erna in Menard County (Cooud.
D-30, PL 1).

THICKNESS

Edwards (82 feet) — Feet

5. Limestone, light gray to white,
thick beddcd, chert bearing,
mostly unfossiliferons . 31

4. Limestone, light gray to white,
thin bedded, chert bearving, con-
taining many turritellid-shaped
gastropods; mostly limestone at
the base . 45

Comanche Peak—-

3. Limestone, light gray, soft, nodu-

lar, weathering yellowish gray. 95
Walnut and Glen Rose (180 feet)—

2. Clay, light gray to white, weath-

ering yellowish, very silly in

places, almost a fine sand ... 135
1. Sand, yellowish gray, fine tex-

tured, fairly pure, resembles

Paluxy more than Travis Peak 45

The thickness of the Edwards limestone
on the outcrop in the Llano region varies
ereatly according to its geographic posi-
tion. Thus, near the center of the region
on the top of Shin Oak Mountain in south-
western San Saba Counly, il is 6 feet thick.
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In the eastern edge of the region on the
Burnet-Llano road 3 miles west of Burnet
at the top of a south and west-facing
escarpment it is 12 feet thick. On the
Burnet-Austin highway, 114 to 2 miles
east of Burnet, it is 14.5 feet thick. On
Shovel Mountain in Blanco County, it is
25 feet thick. In the western part of the
region 3 miles west of Erna in Menard
County, it is 82 feet thick. Outside the
Llano region, Eifler (1930) records the
following thicknesses:

Thicknesses of the Edwads limestone surround-
ing Llano region

LOCALITY TIIICKNESS
Feet
Western Bexar County. . 400 to 500

Kerrville-Bandera hlghway “south of
Kerrville, incomplete section___._ 223

Hays County 330 to 350
Travis County (composed of three sec-

HONS) o e 234
Georgetown, Williamson County_.. _ _ 108
Denton County, Goodland (includes

Edwards and Comanche Peak to-
gether) 4010 70
Thus, the formation thins northward and

thickens to the south. In Mexico it is said
to be in some places 3,000 feet or more
thick.

The Edwards can be identified in the
Llano region by its greater hardness and
characteristic tendency to form cliffs and
is the cap rock on most of the prominent
mesas of the surrounding country. It can
be distinguished easily from the Comanche
Peak below by the finer texture of its
upper layers, by the uniformly granular
oolitic-like miliolid layer near its base,
and by its masses of queer-looking ru-
distids. Another distinguishing feature of
the Edwards limestone is its chert content.
Chert nodules are in many places present
in large numbers and are much more
plentiful than in any other Cretaceous
formation. The chert is dark gray to light
grayish black and bluish black in color
and occurs in the {form of thin layers but
more commonly in ellipsoidal and kidney-
shaped nodules, and also in some places
as replacements of aragonite in fossils.
Some of the fossils, particularly the gas-
tropods, are silicified and may be etched
out by hydrochloric acid.

115

Paleontology—The paleontology of the

Edwards limestone has not been studied in
detail. Individual fossils have been identi-
fied and described by Roemer (1888),
C. A. White (1883), Hill (1893), Adkins
(1928), and Eifler (1930). Adkins has
presented the most complete list which
has been slightly modified by the present
author.

Fossils identified from the Edwards formation

Anthozoa—
Plenrocora coalescens Roemer
Pleurocora texana Roemer
Cladophyllia furcifera Roemer
Coelosmilia americana Roemer
Parasmilia austinensis Roemer
Echinoidea—
Goniopygus zitteli Clark
Holectypus planatus Roemer
Heteraster texanus (Roemer)
Brachiopoda—
Kingena wacoensis (Roemer)
Pelecypoda—Rudistids—
Monopleura marcida White
Monopleura pinguiscula White
Toucasia patagiata (White)
Toucasia texana Roemer
Caprina crassifibia Roemer
Caprina occidentalis Conrad
Caprina anguis (Roemer)
FEoradiolites angustus Adkins
Eoradiolites quadratus Adkins
Praeradiolites edwardsensis Adkins
Pelecypoda—
Lucina acutilineata Conrad
Pecten duplicicosta (Roemer)
Pecten (Neithea) texanus Roemer
Pecten (Neithea) subalpinus Bose
Pecten (Neithea) occidentalis Conrad
Lima wacoensis Roemer
Gryphaea marcoui Hill and Vaughan
Chondrodonta munsoni (Hill)
Cyprimeria texana (Roemer)
Protocardia texana (Conrad)
Gastropoda—
Trochus texanus Roemer
Solarium? planorbis (Roemer)
Natica (Amauropsis) avellana Roemer
Nerinea pellucida Cragin
Nerinea austinensis Roemer
Nerinea cultrispira Roemer
Cerithium austinense Roemer
Cerithium bosquense Shumard
Cerithium proctori Cragin
Neritina apparata Cragin
Tvylostoma tumidum Shumard
Ammonoidea—
Engonoceras emarginatum (Cragin)
Engonoceras pierdenale (v. Buch)

The fauna is essentially molluscan and is
characterized by its abundance of pelecy-
pods, especially those belonging to the
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Chamacea and Rudistaceae. Gastropods
are numerous, corals and echinoids less
numerous, and cephalopods rare. Several
genera and species of corals have been
noted by Eifler (1930) as fairly abundant
al certain horizons as [ollows:

Cladophyllia furcifera Roemer

Pleurocora coalescens Roemer

Pleurocora texana Roemcr

Parasmilia austinensis Roemer
Ol these Cladophyllia furcifera is most
common, Eifller (1930) also lists the fol-
lowing rudistids which are common in the
rudistid zones of the upper Edwards:

Requienia texana Roemer

Monopleura marcida White

Radiolites davidsoni Hill

Toucasia palagiata (White)
The formation is recognized paleontologi-
cally by this molluscan and coral assembly
rather than by any specific index fossil
or series of {ossils. In fact, in no other
formation, except rarely in the Glen Rose,
is there such an abundance of rudistids
which. together with the abundant milio-
fids, serve 1o enable one to correlate the
formalion throughout the region.

Coirelaiion—The Edwards is middle
Albian in age and when traced norithward,
neiges with the upper part of the Good-
land formation of noirth Texas. South-
ward in Mexico, it is represented by the
El Abra limestone which contains the
same fossil assemblage. Westward the
Edwards can be traced across the Edwards
Plateau where it is found capping some
of the mesas in the Fort Stockion region.
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Lllenburger limcstone. A, Outcrop at Pillar Bluff, Burnet County, showing beddmg and jointing
(photograph by Dana}. B Banded structure due to algae and concentric precipitation around
a cential core.
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Chappel limestone. A, Portion of a lentil of limestore deposited in an ancient sink (photo-

graph by Dana). B, Close-up view showing the crinoidal coquina of a typical ledge (photograph
by Fisher).




Frourks—
1.

10.
11.

12.

24,

PLATE 5
Chappel Fossils
Spirifer grimesi Hall, x1, fiom exposite about 4% miles west of White's Ciossing on

Llano River, Mason County, Loc, 159-T-35. (Specimen P-13317.) «, Ventral view;
b, anterior view.

. Awvonia blairi (Miller), ventral view, x2, fiom cxposuie aboul 4% miles west of White's

Crossing on Llano River, Mason County, Loec, 159-T-13. (Specimen P-13278A.)
Athyris lamellosa (Lévelllé), 11, fiom cxposwe on highway 6% miles south ol Brady,
MeCulloch County, Loc, 183-T-110. (Specimen P-13883.)

. Rhynchopora cooperensis (Shumard), ventral view, x2, [1em exposure 6% miles south

of Birady, McCulloch Counly, Loc, 153-T-110. (Specimen P-13889.)

, Avenia blairi (Miller), ventral view, x1, from caposwe on highway 6% miles south of

Brady, McCulloch County, T.oc, 153-T-110. (Specimen P-13893.)

. Eumetria osegensis (Swallow), ventral view, x2, [iom exposme near Leon River,

Mason County, Loc. 159-T-45. (Specimen P 13564.)

Avonia concentiica (Hall), ventral view, x2, from exposme about 4% miles west of
White’s Crossing on ILlano River, Mason County, Loc. 159-1-35. (Specimen
P-13278A.)

Linoproductus tenuicostus (Mall), x2. from exposure ahout 4% miles west of White’s
Crossing on Llano River, Mason County, Loc. 159-T-35. (Specimen P-13330B.)
@, Venlial view; b, lateral view.

Striatifera ovate (Hall), ventral view, x1, fiom exposwe aboul 4% miles west of
White’s Crossing, Mason County, Loe. 159-T-35. (Specimen P-13314.)

Acanthospire  aciculifera {Rowley), ventral view, x2, [tom exposme notthcast of
Pillar Bluff, Burnet County, Loc. 27-T 23. (Specimen P-13377B.)

Delthyris novameaicana (Miller), ventral view, x2, {tom exposuie on east vide of Jack
Sloan’s corral, southwest of rock house, westein San Saba County, Toc. 205-T-77.
(Specimen  P-12060.)

Rhynchopore pustulose (White), ventral view, x1, from highway exposure aboul 6%
miles south of Brady, McCulloch County, Loe. 153-T-110. (Specimen P-13887.)

. Fumetria altirostris (White), x2, from exposure on cast side of Jack Sloan’s cosial,

southwest of rock house, western San Saha County, T.ac. 205-T-77. (Specimen
P-12067.) @, Dorsal view; b, anlerior view.

Cleiothyriding incrassate (Hall), ventval view, x2, from exposnre shout 4% miles
west of White’s Crossing on Llano River, Mason County, Loc. 159-T 85, (Speci-
men P-13327.)

Brachythyris suborbiculawris (T1all), ventral view, x1, fiom highway cxposure 674 miles
south of Brady, McCulloch County, Loc. 153-T-110. (Specimen P-13882,)

. Leptaena analoga (Phillips), <2, from exposure northeast of Pillar Bluff, Burnet

County, Loc. 27-1-23. (Specimen P-13373.)

Rhynchopore persinuate (Winchell), dorsal view, x1, [rom highway exposure 6%
miles south of Brady, McCulloch County, Loe, 153-T-110. (Specimen P-13881.)
Cumarotoechia clegantula Rowley, ventral view, x2, from exposure near leon Creek

in western Mason County, Loe. 159-T-45. (Specimen P-13595.)

Rhipodomella oweni (Hall and Clatk), veniral view, x1, from exposure about 4%
miles west of White’s Crossing an ITlano River, Mason County, Loc. 159-T-35.
(Specimen  P-13323.)

Rhipodomella buirlingtonensis (1Tall), ventral view, x2, fiom cxposure ncar Leon Cicck,
westeitn Mason County, Loc. 159-T 45, (Specimen P-13533.)

Cleiothyiidina prouti (Swallow), x2, from exposure near Pillar Bluff, Burnct County,
Loc, 27-T-23, (Specimen P-13375.) a, Dorsal view: b, anterior view.

Brachythyiis chouteauensis (Weller), ventral view, x2, from exposure near Pillar Blufl,
Burnet County, Loc. 27-T-23. (Specimen P--13377A.)

. Shumardella obsolens (Hall), x2, fiom exposure on east side of Jack Sloan’s corral,

southwest of 1ock house, westein San Saba County, Loe. 205-T-77. (Specimen
P-13885.) «. Anterior view; b, dorsal view.

Typical slab of crinoidal coquina from the Chappel limestone, collected at White’s
Crossing on Llano River, Macon County, T.oe. 159-T-2.
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Baincit fovmation. A, Typical view of Barnett shale showing large sphetical concretions.
B, Barnett shale exposed along Pillar Bluff Creek en Hallenbeck 1anch, 5 miles west of Lampasas
(photograph by Dana).
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PLATE 8

Bainett fossils

Posidonomya of, P. vaughani (Girly), x0.67, from exposure on Honey Creek, Mason
County, Loc, 159-T-4. (Specimen P-8390.)

Posidonomye vaughani (Girty), x1.4, from base of bluff on Espey Creek, Lampasas
County, Loc. 141-T-11, (Specimen P-12375.)

Caneyella wapanuckensis Girty, x2, from bank of creek on Leonard ranch, San Saba
County, Loc. 205-1-98. (Specimen P-12752.)

Deltopecten batesvillensis (Weller), left valve, x2, from bank of Honey Creek, Mason
County, Loc. 159-T-1. (Specimen P-7290A.)

Camarotoechia laxa Girty, veniral view, x2, fiom bank of Honey Creek, Mason County,
Loc. 159-T~1. (Specimen P-13028.)

Letorhynchus carboniferum Girty var., ventral view, x1.7, {from exposure 3 miles
southeast of San Saba, San Saba Couuly, Loc. 205-T-10. (Specimen P-13817.)

. Leiorhynchus carboniferum Giity.

7. Anterior view of a spccimen (4955A) from an outcrop south of San Saba,
San Saba County; x1.4.
8. Dorsal view of a specimen (P-13447A) [rom exposure west of Honey Creek,
Mason County, Loc, 159-T-3; x1.4.
Composita pusilla Girty, x2, fiom exposure west of Honey Creek, Mason County, Loc.
159-T-3. (Specimen P-13445.) e, Dorsal view; b, ventral view.
Striatifera ovata (Hall), ventral view, x2, from exposure 3 miles southeast of San
Saba, San Saba County, Lo.. 205-T-10. (Specimen 5351.)
Dictyoclostus elegans (Norwood and Pratten), veniral view, x1.7, from exposure west
of Honey Creek, Mason County, Loc. 159-T-3. (Specimen P-13104.)
Edmondia crassa Girty, right valve, x1.4, from exposure west of Honey Creck, Mason
County, Loc. 159-T-3. (Specimen P-8494.)
Dictyoclostus inflatus (McChesney), ventral view, x1.4, from exposure west of Honey
Creek, Mason County, Loc. 159-T-3. (Specimen P-13757.)
Leda vaseyana (McChesney), x1.4, {rom exposure 3 miles southeast of San Saba,
San Saba County, Loc. 205-T-10. (Specimen P-13330.)
Nuculoceras barnettense Plammer and Scott.
15. Suture from specimen 1’-7589, x1.2, from exposure 3 miles southeast of San
Saba, Loc. 205-1T-10.
16. Lateral view of specimen 1’-12744, x2, from bank of creek on IL.conard ranch,
San Saba County, Loc. 205-T-98.
Plagioglypta? cf. P. annulistiinta {(Meek and Worthen), x2, from outcrop 1.2 miles
west ol Chappel, San Saba County, Loc. 205-T-54. (Specimen PP-11382A.)
Goniatites choctawensis Shumard.
18. Suture on spetimen (P-7569) Irom bank of Espey Creek, 4 miles southwest
of Lampasas, Lampasas County, Loc. 141-T-1; x1.4.
19. Lateral view of a specimen from an outcrop south of Richland Springs, San
Saba County (one of Hyait’s cotypes of Glyphioceras cumminst) ; x2.
Eumorphoceras bisulcatum Giity, {rom exposure 3 miles southeast of San Saba, San
Saba County, Loc. 205-T-10. (Specimen P-7565.)
20, Suture line at shell diameter of 11.5 mm., x1.7.
21. Lateral view, x1.4.
Fossiliferous limestone from Barnett formation, excavation on San Saba-Bend road,
about half a mile northeast of Barnett Springs, San Saba County, Loc. 205-T-70.
Of the characteristic fossils present, the most abundant is Lyrogoniatites newsomi

(Smith).
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Big Saline formation. A, Thin-bedded, siliceous strata ol the lemons Blull member exposed
at mouth of Blufi Creek on the San Saba River. B, Mottled limestone of the Brister member.
This distinctive layer occurs just above the Lemons Bluffl member and torms an easily recog-
nizable horizon which can be traced with a lew interruptions fiom Brady on the west to
lL'Ylarlilc Falls, Burnet County. The dark {rregular markiugs are thought to have been formed

y algae.
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PLATE 11

Marble Falls (Sloan) fossils

Rhynchopora illinoisensis (Worthen), x2; from exposure west of Wallace Creek road
about 11 miles southwest of San Saba, San Saba County, Loc¢. 205-T-43. (Specimen
P-11921.) a, Ventral view; b, dorsal view; ¢, anterior view.

Horridonia globosa (Mather), ventral view, x2; from exposure west of Wallace Creek
road, about 11 miles southwest of San Saba, San Saba County, Loc. 205-T-43.
(Specimen P-11221.)

Juresania wilberana (McChesney), ventral view, x1.4; from exposure west of Wallace
Creek road, about 11 miles southwest of San Saba, San Saba County, Loc. 205-T-43.
(Specimen P-11957.)

Dictyoclostus meorrowensis (Mather), interior of ventral valve, x0.6; from exposure
west of Wallace Creek road, about 11 miles southwest of San Saba, San Saba
County, Loc. 205-T-43. (Specimen P-11919,)

Marginifera roemeri Girty, ventral view, x1.7; from exposure on south side of Turkey
Roost Creek, Sloan ranch, San Saba County, Loc. 205-T-110. (Specimen P-12867A.)

Dictyoclostus morrowensis (Mather), left valve, x1; from exposure west of Wallace
Creck road, about 11 miles southwest of San Saba, San Saba County, Loc. 205-T-43.
(Specimen P-11227.)

Paeckelmannia sp., x2, from exposure in clay pit northeast of Jack Sloan’s rock house,
San Saba County, Loc. 205-T-92. (Specimen P-12723B.) a, Dorsal view; b, ven-
tral view.

Ethelocrinus texasensis Moore and Plummer, holotype, x1; from exposure west of
Wallace Creek road, about 11 miles southwest of San Saba, San Saba County, Loc.
205-T-43. (Specimen P-11182.) @a, Dorsal view; b, posterior view.

. Cibolocrinus punctatus Moore and Plummer, x1; from exposure west of Wallace Creek

road, about 11 miles southwest of San Saba, San Saba County, Loc. 205-T-43.
9, Dorsal view of holotype (specimen P-11183).
10. Posterior view of paratype (specimen P-11186).

Phaneroceras nolinense (Cox), lateral view, x1.4; from Sloan’s ranch, half a mile
west of San Saba River, San Saba County, Loc. 205-T-65. (Specimen P-14035.)

Composita ozarkana Mather, »2; from exposure west of Wallace Creek road, about
11 miles southwest of San Saba, San Saba County, Loc. 205-T-43. (Specimen
P-11929.) a, Dorsal view; b, anterior view.

Linoproductus nodosus (Newherry), ventral view, x1.4; from exposure west of Wallace
Creek road, about 11 miles southwest of San Saba, San Saba County, Loc. 205-T-43.
(Specimen P-11235.)

Slah of limestone from the Sloan member, showing usual associations of numerous
specimens of Marginifera roemeri from outcrop west of Wallace Creek road 11
miles southwest of San Saba, San Saha County, Loe. 205-T-43.
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PLATE 12
Marble Falls (Big Saline) fossils
Spitifer rockymontunus Maicou, x1.7, fiom exposure in Williams pasture, 3% miles

south-southeast of Rochelle, McCulloch County, Loc. 153-T-48. (Specimen P-8988.)
a, Doisal view; b, ventral view; ¢, anterior view,

. Neospirifer cameratus (Morton), x0.7, from bluff on Llano River near mouth of Big

Saline Cieek, Kimble County, Loc. 134~T-2. (Specimen P-3800.) a, Dorsal view;
b, ventral view; ¢, anterior view.

Schizophoria resupinoides (Cox), x0.67, {rom blufl on Llano River near mouth of
Big Saline Creek, Kimble County, Loc. 134-T-2. (Specimen P-3801B.) &, Ventral
view; b, anterior view; c, laleral view.

_Neospirifer goreii (Mather), x0.67, from outcrop at road fork west of Chappel
“School, bdn Saba County, Loc. 205-T-117. (Specimen 12988.) «, Ventral view;
b, anterior view,

. Cleiothyiidina o1bicularis (McChesney), x1.7, {rom slope of small hill south of Brady

Creek, about 315 miles southeast of Brady, McCulloch County, Loc. 153-T-77.
5. Specimen P-9863B; dorsal view.
6. Specimen P-9863A; a, antcrior view; b, ventral view.

. Lineproductus welle;;i (Mathe1r), x1.7, from ]Jlu[f on Llano River near mouth of Big

Saline Creck, Kimble County, Loc. 134-T-2. (Specimen P-4020.) a, Lateral view;
b, ventral view.

Chonetina choutecuensis (Mather), ventral view, x2, from bottom of Brady Creek,
3 miles southeast of Rochelle on Smith farm, McCulloch County, Loc. 153-T—40.
(Specimen P-8731.)

Dictyoclostus inflatus var. coloradvensis (Girty), ventral view, x2, from exposure at
old road crossing on Bradv Creek, southeast of Brady, McCulloch County, Loc.
153-T-81. (Specimen P-9928.)

Squamularia perplexa (McChesney), dorsal view, x2, from exposure about 1 mile
cast-southeast of Nelin, McCalloch County, Loc. 153-T-47, (Specimen P-8984.)

Fusulina Ianoensis Thomas, from top of bluff on Llano River, near mouth of Big
Saline Creek, Loc. 134-T-2. (Preparations and photographs by C. O. Dunbar.)
a, Longitudinal section; &, thansverse section.

Fusulinella primaeve Skinner, longitudinal section, from base of bluff on Llano River
near mouth of Big Saline Creek, Kimble County, Loc. 134-T-2. (Preparation and
photograph by C. O. Dunbar.)

Allorisma costatum Meek and Worthen, x0.35, {rom caliche pit on Brady-Mason
highway, 4 miles southeast of Brady, McCulloch County, Loe. 153-T-82, (Speci-
men P-9818.)

Cancrinelle sampsoni (Weller), x2, from exposure aboutl three-lourths mile east of
Shropshire Lake and about 4% miles east-southeast of Brady, McCulloch County,
Loc. 153-T-56. (Specimen P-9192A.) This species differs from C. boonensis, the
common Pennsylvanian form, in lacking all traces of spines.

Pronorites llanoensis Plummer and Scott, x0.7, from bluff on Llano River, near mouth
of Big Saline Creek, Kimble County, Loe, 134-T-2, (Specimen P-3791.)

Buxtonia sp., x2, from exposure on branch of Pecan Creek, Mason County, Loc.
159-T-63. (Specimen I’-13811.)

Composite ovata Mather, x1.7, from exposure 3 miles south of Brady, McCulloch
County, Loc. 153-T-1, (Specimen 12309.) ¢, Ventral view; b, dorsal view.
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Maible Falls group. A, Massively bedded, 1eel-like, crincidal Timestone of the Soldiers Hole
member ot the Big Saline formation, on Big Saline Cieek, Kimble County. B, Lower member
of Sloan loimation on Waltlace Cieek, 13 miles by 10ad southwest of San Saba (Loc. 206-T-43).
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PLATE 14

Marble Falls (Lemons Bluff) fossils

Neospirifer goreii (Mather), ventral view, x1, from shaly limestone in bed of Cherokee
Creek, 1 mile northeast of Bend, San Saha County; Loec. 205-T-6, (Specimen 4948.)

Chonetes dominus R. T1. King, »2, from type locality tor the species in the steep road
bank, 2.7 miles south of San Saba on Llano road, San Saha County; Loc. 205-T-2.
(Specimen K-267C.) a, Doisal view; b, venlral view.

. Spirifer opimus Ilall, x0.7, fiom exposure 7 miles southwest of Mason near IHoney

Creek, Mason County; Loc. 159-T-1. (Specimen 9208.) a, Anterior view; b, view
halfway between ventral and posletior.

. Punctospirifer transversa (McChesney), x1.7, {iom roadside bank, 2.7 miles south of

San Saba on Llano highway, San Saba County; Loc. 205-T-2. (Specimen 1’-9991.)
a, Ventral view; b, dorsal view: ¢, posterior view.

. Orthotetes kaskaskiensis (McChesney), dorsal valve, x1; fiom roadside bank, 2.7

miles south of San Saba on Llano road, San Saba County; lLoec. 205-T-2. (Speci-
men 68384.)

Wellerella utah (Marcou), x1.7, from exposure 6 miles south of Algerita and west
of Wallace Creek. (Walker Museum 12425.) &, Dorsal view; b, ventral view.

. Spirifer matherr Dunbar and Condra, x1, from toadside bank, 2.7 miles south of

San Saba on Llano highway, San Saba County; Loc. 205-T-2. (Specimen P-9979.)
a, ITalfway between dorsal ond posterior views; b, ventral view; ¢, anterior view.
Rhipodomella, n. sp., x1.7, from exposure 5.7 miles southwest of Bend and 0.7 mile

southeast of Chappel, San Saba County; Loc. 205-T-28.
8. Ventral view of specimen 11356D.
9. Interior of ventral valve, specimen 11356A.
Paralegoceras texanum (Shumard), from Colorado River bluff about three-fourths of
a mile southwest of Bend, San Saba County; Loec. 205-T-1.
10. Lateral view of Walker Museum specimen 25582, x0.2.
11. Suture from Walker Museum specimen 31803, x0.5,
Phaneroceras compressum (Hyatt)
12, Lateral view of specimen 1-8507, x0.5, collected near Mill Creek, Mason
County; Loc., 159-T-11.
13. Suture taken from Hyatt’s holotype of Gastrioceras compressum, collected
near Bend, San Saba County; Loc. 205-T-1.
Taonurus caudagalli (Vanuxem), x1, from exposure on east side of Cherokee Creek
on Yates ranch, San Saba County; Loc. 205-T-116.
Millerella marblensis Thompson, from north bank of Colorado River, near hridge at
Marble Falls, Burnet County.
15. Tangential section, x35 (after Thompson).
16. Sagittal section, x35 (after Thompson).
Stab of limestone carrying Neospirifer goreii (Mather) and other typical fossils of
upper Marble Falls age; from exposure near Richland Springs, San Saba County.
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Smithwick formation. A, Exposure of shale at Lype section near Old Smithwick on the
Colorado River (photograph by Haring). B, Outcrop on Wallace Creek southwest of San
Saba, San Saba County (photograph by Fisher).



The University of Texas Publication 4329 Plate 16

300

200

700

600’

500’

[ Vet e™ \A.T’MV\A.}.

| W
| | b
Mc CULLOCHI L LAMPASAS
! 5 AN 5ABA:?
| A&

r"'—'—'
}

------ Top of M<Croury well

Typical graphic sections of the Smithwick formation. 1, North side of Colorado River at Old
Smithwick, Burnet County. 2, Composite section of outcropping strata and the McCroury well
northwest of Bend, San Saba County, 3, Honey Creek, Mason County.
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PLATE 17

Smithwick fossils

Straparolus savagei Knight, x1.5.
1. Side view of specimen from Marble Canyon,'® Sierra Diablo, Culberson
County, Loc. 55-T-43. (Specimen 11127.)
2. View looking down on spire; specimen from Gibbons ranch, Loc. 205-T-71,
San Saba County. (Specimen P-11805A.)
Nuculopsis ventricosa (Hall), x2, from outcrop 3% miles east of Rochelle, McCulloch
County, Loc. 153-T-6. (Specimen K-370A.) a, Left valve: b, cardinal view.
Ambocoelia planoconvexa (Shumard), x1%, {rom outcrop 3% miles east of Rochelle,
MecCulloch County, Loe. 153-T-6. (Specimens P-10108A, B, and C.)
4, 5. Veniral views of two different specimens.
6. Ventral view of an internal mold.

Nuculopsis ventricosa (Hall), x2, internal mold from outcrop 3% miles east of Rochelle,
MecCulloch County, Loc. 153-T-6. (Specimen P-7806.} «, Left valve; b, cardinal
view.

Daraelites (Boesites) scotti A. K. Miller and Furnish, from outcrop 3% miles east of
Rochelle, McCulloch County, Loc., 153-T-6.

8. Latcral view of specimen P-1336B; x2.2.
9. External suture on specimen P-1336A; x5.

Nuculoceras sinithwickense Plummer and Scott.

10. Typical specimen (P-10120) from 3% miles east of Rochelle, McCulloch
County, Loc. 153-T-6; x1.8. a, Ventral view; b, lateral view.

11. Suture line on a specimen (P-7567) from Marble Canyon, Culberson County,
Loe. 55-T-43; x1.5.

Leda erata (Hall), x1.5, from a gully south of a cattle tank on l.eonard ranch, San
Saba County, Loc. 205-T-79. (Specimen P-12653C.)

Leda, n. sp., x1.7, from Marble Canyon, Sierra Diablo, Culberson County, Loc. 55-T-43.
(Specimen 11161.)

Paeckelmannia derelicta R. H. King, from gully on Bend-Chappel road, 1.3 miles west
of Bend, San Saba County, Loc. 205-T-13.

14. External view of a ventral valve, x2.5. (Specimen 12281.)
15. Interior of a dorsal valve, x2. (Specimen K-218.)

Cumminsia apiate (Cummins), x2, from a gully on Leonard ranch, San Saba County,
Loe. 205-T-79, (Specimen P--12650E.) a, Upper view of the corallite; b, side view
of same.

Gastrioceras occidentale (Miller and Faber).

17. Suture from a specimen (P-5692) from Marble Canyon, Culberson County,
Loc. 55-T-43; x1.

18. Lateral view of a typical specimen (Dept. Geol., Univ. Texas) from near Bend,
San Saba County; xI.

Cleiothyridina sublamellosa (Iall), x1.5, from gully on Bend-Chappel road, 1.3 miles
southwest of Bend, San Saba County, Loc. 205-T-13. (Specimen K-223.)

Pharkidonotus cf. P. percarinatus (Conrad), x1, from gully on Bend-Chappel road, 1.3
miles southwest of Bend, San Saba County, Loc. 205-T-13. (Specimen 12252.)

33n Univ, Texas Bull, 3701, p, 406, tlus exposure was listed as 114-T—46 in Hudspeth County, but it is now known
to lie in Culberson County,
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A, Surface ot flagstones ltom Strawn group showing trails and other maikings. B, Rochelle
conglomerate at the base of the Canyon group chowing typical development,
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PLATE 19

Strawn fossils

Rhipodomella carbonaria (Swallaw), x3; fiom exposure along cicelk bank. 3% miles
east of Rochelle, McCulloch County, Loe. 153 T-7. (Specimen P-9713B.) a, Ventral
view; b, dorsal view.

Punctospirifer kentuchyensis (Shumard), dorsal view, x3: from cxposure along creek
bank, 3% miles east of Rochelle, McCulloch County, Loc. 153-T 22. (Specimen
K-136.)

Chonetina, n. sp., x1.5; fiom base of shale bluff on Llano River, Bicicchwale 1anch,
Kimble County, Loc. 134-T--5.

3. Specimen P-13411A. «, Venlral view; b, doreal view.
4. Specimen P-13411E, interioi of doisal valve.

5. Epecimen P-13411G, ventral view.

6. Specimen P-13411B, interior of ventzal valve.

Astartella varica McChesney, x3; from creck bank 3% miles east of Rochelle, McCulloch
County, Loc, 153 -T-22. (Specimen K-133.)

. Prismopora seriata (Meek) . x3; from creck bank 3% miles east ol Rochelle, McCulloch

County, T.oc. 153-T-22,
8. Specimen K-1633B, showing hranching habit.
9. Specimen K-1633A, showing characteristic angulation and scalloped margins.

Mesolobus rochellensis R. H. King., x3; fiom cieck bank 3% miles east of Rochelle,
McCulloch County Loc. 153-T-7. (Specimen P-1008°B.) «. Interior ol vential
valve; b. vential view.

Chonetina 1obusta R. H. King, x2; from cieek bank 314 miles cast of Rochelle, McCul-
loch County, Loc. 153-1-7.

11. Specimen P-10064B. «a, Interior of ventiral valve; b, vential view.
12. Specimen P-10064A, dorsal view.

Pronoceras prone (A. K. Millet and Owen), x4; from base of shale blulf on Llano
River, Bierschwale 1anch, Kimble Connty, Loc. 134-T-5. (Specimen P-8563.) a, Ven-
tral view; 6. lateral view.

Platycrinus sp., x3, segment of stem; from creek hank 3% miles east of Rochelle,
McCulloch County, T.oc, 153-T-22.

Mar ginifera splendens (Norwood and Pratten), ventral view, x2; from creek bank 3%
miles east of Rochelle, McCulloch County, T.oe. 153-T-22, (Specimen K -140.)

. Glaphyrites clinei (A. K. Miller and Owen), x2; from basc of shale hluff on Llano

River, Bierschwale 1anch, Kimble County, Loe. 134-T-5. (Specimen P-14157.)
a, Apertural view; b, lateral view.

Striatopora moorer Wells, x1%; from type locality for species, al base of shale bluff
on Llano River, Bierschwale rtanch, Kimble Connty, Loc. 131-T-5. {Specimen
P-13798.)

Glaphyrites raymondi Plummer and Scott, x2.5; from base of shale blufl on Llane River.,
Bierschwale ranch, Kimble County, Loc. 134-T-5. (Spceimen P-13408.) a, Lateral
view; b, apertural view,
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Canyon fossils

Nuculopsis ventricosa (Hall), x2; from exposure 3 miles southeast of Placid, McCul-
loch County, Loc. 153-T-100. (Specimen P-12625A.) «, Left valve; b, cardinal
view.

Nucula anodontoides Meek, x2; from exposure 3 miles southcast of Placid, McCulloch
County, Loe. 1563-T-100. (Specimen P-12635B.) ¢, Left valve; &, cardinal view.

Astartella concentrica (Conrad), x1.4; from exposure 3 miles southeast of Placid,
MecCulloch County, Loc. 153-T-100. (Specimen P-12626.) a, Left valve; b, car-
dinal view.

Worthenia tabulata (Conrad), x1.4; from exposure 3 miles southeast of Placid, McCul-
I(LCh County, Loc. 153-T-100. (Specimen P-12622C.) g, Side view; b, view from
ahove.

Amphiscaphe catilloides (Conrad), upper view, x2; from exposure 3 miles southeast
of Placid, McCulloch County, Loe. 153-T-100. (Specimen P-12616.)

. Choneting flemingi var. plebeig Dunbar and Condra, x2; from exposure 2 miles north-

northeast of Nelin, McCulloch County, Loc. 153-T-112.
6. Specimen P-13163C, ventral view.
7. Specimen P-13163G, veniral view.
8. Specimen P-13163E, dorsal view.

Leda arata Hall, right valve, x2; from exposure along creek 4 miles southeast of Placid,
McCulloch County, Loc. 153-T-98. (Specimen P-12579.)

Chonetina rosirata Dunbar and Condra, x1.4; from exposure along creek 4 miles south-
east of Placid, McCulloch County, Loc. 153-T-98. (Specimen P-12580B.) «, Ven-
tral view; b, dorsal view.

Marginifera lasallensis (Worthen), ventral view, x1.4; {rom shale below Adams Branch
limestone, 0.5 mile east of Price’s ranch house, or 2.4 miles northeast of Rochelle,
McCulloch County, Loc. 153-T-113. (Specimen P-13168A.)

Meekospira peracuta (Meek and Worthen), side view, x1.4; from exposure 3 miles
southeast of Placid, McCulloch County, Loc. 153-T-100. (Specimen P-12610.)

Neospirifer texanus (Meek), from top of Brownwood shale just below Adams Branch
limestone ledge, 0.5 mile east of Price’s ranch house, or 2.4 miles northeast of
Rochelle, McCulloch County, Loc. 153-T-113.

13. Specimen P-1317B, x1.4. &, Interior of ventral valve; b, ventral view.
14. Specimen P-13171C showing pustulation of surface. @, x1.4; b, x10.

Plaxocrinus omphaloides Moore and Plummer, holotype, x1.4; from exposure along
road on east slope of Rugged Mountain, McCulloch County, Loc. 153-T-23. (Speci-
men P-11189.) ¢, Dorsal view; b, posterior view.

Glabrocingulum grayvillense (Norwood and Pratten), x2; from exposure 3 miles south-
east of Placid, McCulloch County, Loc. 153-T-100, (Specimen P-12619A.) a, Side
view; b, view from above.

Plaxocrinus lobatus Moore and Plummer, holotype, x1.4; from exposure 3 miles south-
east of Placid, McCulloch County, Loc. 153-T-100. (Specimen P-11188.) @, Pos-
terior view; b, dorsal view.

Juresania symmetrica (McChesney), x1; from exposure 4 miles southeast of Placid
along creek, McCulloch County, L.oc. 153-T-98. (Specimen P-12589.) a, Ventral
view; b, dorsal view.

Slab of limestone from exposure along creek 4 miles southeast of Placid, McCulloch
County, Loc. 153-T-98.
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INDEX

Acanthospira aciculifera: 122 fossils, illustrated : 126
aciculifera, Acanthospira: 122 historical account: 82
acutocarinatum, Oxylropidoceras: 113 illustration: 124
acutus, Triticites: 98 lithology : 34-87
Adams Branch esearpment: 91, 95 mieroscopic characteristics: 38
limestone : 88, 90, 92, 98, 97, 98, 158 oil showinaes: 89
Adkins, W. S.: 110, 1183, 115 oolites : 40
Agathiceras ciscoense: 89 paleontology : 40-43
aggregate: 11 petroliferous character: 39, 40
Alexander dam site: 80, 50, 52 section of : 34, 85, 87
algae: 119, 129 subdivisions: 37-38
“Alzal bed” : 51 type locality : 46
algal biscuits: 61, 68 Barnelt shale: 34, 50, 59, 60
algal content of Big Saline group: 61 Springs: 32, 34, 46, 126
Algerita: 54, 57, 76, 83 Batesville fauna, list of : 44-15
Allorisma : 62 sandstone: 40, 43
costatum: 136 batesvillensis, Deltopecten: 126
altirostris, Bumetria: 122 Rattle Branch: 28, 28, 30, 49
Ambocoelia: 78 Creek: 48
planoconvexa: 148 Bay, H. X.: 93, 94
ammonites: 16 Bean, W. C.: 14
ammonoids, Barnett formation: 40 Bear Creek: 93
Amphiscapha catilloides: 91, 95, 158 Bear Spring formation: 16, 19
subquadrata: 66 bedding, Ellenburger limestone: 119
Amplexacarinia ?: 50 Bed No 8: 86
corrugata : 49 “beds of Boone age”: 30
analoga, Leptaena: 122 Bee Branch: 76
analyses— Bell County: 102, 104, 107, 112
lithologic, of pebbles from Syeamore sand con- Bellerophon : 50, 51, 61, 62, 64
glomerate: 104 BRellistriata, Nuculana: 66
shape, Rochelle conglomerate: 94 Bend: 34, 46, 48, 65, 66, 72, 76, 79, 81, 83, 86
size, chert pebbles, Rochalle conglomerate: 93 division : 47, 75
size-frequency, of Sveamore sand grains: 108 group : 14, 20, 17
size, Hensell sand: 106 rocks, named: 14
ancient concrete dam: 57 series: 47
ancient limestone sink: 25 Bendian: 7b
annulistriata, Plagioglvpta: 126 fauna: 78
anadontoides, Nucula: 158 Berry Springs: 63
Antelope Creek: 102 Bertram: 109
bed: 86 water well: 1068, 109
aplata, Cumminsia: 78, 80, 81, 83, 87, 148 Bexar County: 102, 115
avlatum, Hadrophyllum: 78 Big Saline conglomerate: 57
arachnuidea, Orthis: 47 Big Saline Creek: 48, b6, 57, 64, 70, 76, 139
arata. Leda: 148, 158 Big Saline formation: 47, 52, 57-T7
arvetisuleatus, Aviculopecten: 95 comparison of fauna: 74
Arizona: 43 deseription : 57-60
Arkansas: 14, 30, 40, 42, 43, 44, 45, b4, 55, 68, 69, 74 distinguishing characters of members of : 73
Army engineers: 12 distingunishing features: 61
artesian well : 48 illustrated : 129, 136, 139
aspinwallensiz, Edmondia: 95 mierofossils ins 6061
Astartella concentrica: 158 microscopic characleristies: 60
varica: 154 oolites in: 73
Athyris lamellosa : 122 paleontology : 73-75
Atoka formation: 68, 74, 78 sections: 57-60
series: 47 subdivisions: 61
Atokan: 75 type locality : 57
Austin: 104 Big Saline group: 15, 47
austinensis, Parasmilia: 116 columnar sections of : 56
Aviculopecten arctisuleatus: 95 Big Saline member, type loeality of ¢
Avonia blairi: 122 Big Saline strata, section: 62
concentrica: 122 BRig Sandy Creek: 8
Avlor Bluff beds: 73 Rig Unecle Creek: 85
cobbles from: 68 Rig Valley bed: 86
Aylor Bluff lentil, section: 65 bicherms, Avlor Bluff member: 68
Avlor Bluff member : 47, 52, 61, 64-66, 72, 76 piguleatum, Eumorvhoeeras: 126
bicherms: 68 Blackard farm Y;él 84
blairi, Avonia:
Bachelor Peak: 109 Rlanco County: 7, 19, 21, 23, 28, 80, 48, 49, 102, 104,
Balker, C. L.: 14, 20, 47 110, 111, 112, ]1”,
Baker Spnn" : 35, b7 “Blue Limestone hed”: 51
banded structure: 119 Blue Mountain: 107, 113
Bandera: 115 Bluff Creek: 129
Barnes, V. E.: 14, 19, 105 Bose, Emil: 14, 47
Barnett Falls: 32 Bogsites (quehtes) scotli: 148
barnettense, Nuculoceras: 126 Boone age beds:
Barnett fauna, distribution chart: 41 limestone: 14, 21
list of : 4445 boonensis, Cancrinella: 136
Barnett formation: 14, 16, 23, 32-46, 62, 63 Bowser: 84 .
conerctions: 40 Brachvthyris burlinetonensis: 28
correlation: 43 chruteauensis: 122
distinguishing features: 39 suhorbicularis: 30, 122
extent and thickness: 32-33 Brad formation: 98
fossil localities: 45-46 Brady: 8, 11, 21, 24, 27, 28, 381, 38, 45, 46, 48, 54, 57,
fossils from: 40, 41, 42 64, 75, 78, 84, 89, 90, 92, 94

Neoglyphioceras zome: 40 Creek - 8, 24, 31, 45, 48, 62, 65, 75, 92
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~-Mason highway sink, cross section: 27 Capps limestone: 88, 89
Mountain: 102, 106, 107, 113 Caprina: 114
Brannon Bridge limestone member: 15 Caprinula: 114
Brazos River sandstone: 89 carbonaria, Rhipodomella: 154
Valley region: 88, 89, 90 carboniferum, Leiorhynchus: 37, 62, 126
coal-bearing beds: 83 carinatus, Spivifer: 28, 30
breceia : 20 Carlisle quarry ; 87
Breckenridge, oil at: 14 Cassiope: 108
Brentwood forma.tlon list of fossils: 55, 69, 74 Castell: 12
Bridge, Josiah: 14, catilloides, Amphiscapha: 91, 95, 158
Brister Bluff lentil: 47 52, 61, 66, 71-73, 78 caudigalli, Taonurus: 58, 59, 61, 66, 142
Bryozoa from: 78 Cavern: 31
fossil localities: 77 Ridge: 47, 52, 7, 64
sponge spicules in: 78 Cedarton member: 91
type section: 72 Cerithium: 108
Brister member, illustrated: 129 Chactetes : 52, 57, B8, 59. 60, 65, 70, 71, 72, 73
Brook beds: 66 ~-bearing limestone: 88
lentil: 52, 61, 64, 68, 71 Chamacea: 116
fossil locahtles % Chapvpel: 31, 46, 76
section: 64 crinoical coquina, illustrated: 122
member : 47, 62, crinocid stems: 61
Brown County 83, 88 89 formation : 14, 16, 20-32, 59
Brown Creek bed: 86 correlation: 30
Brownwood : 89, 90 distinguishing features: 28
series: 83 extent and thickness: 21-22
shale member : 92, 93, 9495, 97, 158 fossil localities : 30382
Rryozoa from Brister Bluff lentil: 73 fossils from: 29
Buchanan dam: 12 historical account: 20-21
Ruck Creek sandstone member: 15 lithology: 22-26
Buffalo Creek bed : 86 microscopic characteristies: 28
building blocks : 51 paleontology: 29
Bull Creek bed: 86 section of : 22, 23, 24
Bullard, F. M.: 88 sink holes, leeation of : 27
Bunger limestone: 89 subdivisions: 26-28
Burlington age: 380 Tossils, illustrated : 122
burlingtonensis, Brachythyris: 28, 122 type loeality: 31
Burnet: 8, 45, 102, 110, 114 limestone: 84, 60
County: 7, 19, 22, 30, 81, 34, 45, 48, 52, b4, 56, 62, illustration : 121
63, 77, 81, 101, 102, 104, 105, 106, 109, 110, 111, localities : 22
112, 113, 114, 119, 122, 129, 142, 147 Cheney, M. G.: 14, 15, 47, 57, 75, 78, 83, 89
quadrangle: 14 Cherckee: 25, 27
Burnt Branch bed: 86 Creek: 8, 48, 52, 76, 78
Burton water well: 102, 104 oroup, list of fossils: 97
Buttrill ranch, sandstone quarries on: 87 shale: 68, 74
section in rock quarry on: 87 chert, in Big Saline group: 61
Buxionia sp.: 136 in Sycamore sand pebbles: 104
pebbles, Rochelle conglomerate: 93, 94
Caddo: 88 size analyses of : 93
Creek formation : 98 Chester formation: 42
Pool formation : 15 fossils from: 4445
Calf Creek: 27, 45 series: 43
caliche pit, Walnut: 118 choctawensis, Goniatites: 34, 36, 37, 39, 40, 126
Camaroteechia elegantula: 122 Chonetes dominus : 60, 142
laxa: 126 robusta: 87
Cambrian system : 16, 17-18, 101 Chonetina: 92
age rocks: 17 chouteauensis: 136
cameratus, Neospirifer: 59, 62, 66, 73, 136 flemingi plebeia: 95, 158
Camp Creek: 31, 45 n.sp.: 154
Camp Hood: 102, 104 robusta: 154
Campophyllum : 63 rostrata: 158
-bearing bed : 88 chouteauensis, Brachythyris: 122
bed : 92 Chonctina: 136
Camp San Saba: 12 Ciboloerinus punctatus: 132
Canerinella ( ?7) : B0 cingulata, Fenestella: 73
boonensis : 136 ciscoense, Agathiceras: 89
sampsoni: 136 Cisco group: 92, 98
Canev fauna, list of : 44-45 list, of fossils: 97
shale: 14, 40, 43 series: 83
Caneyella: 86, 39 Cladophyllia furcifera: 116
wapanuckensis: 126 clagsificatien, Lower Pennsylvanian formations: 47
Caninia: 92 Pennsylvanian strata: 15
Canyon: 88 by Dumble: 83
beds: 78 claystones, Strawn shale: 86
division : 88 Clear Creek limestone: 93
fossils, illustrated: 158 Cleiothyridina incrassata: 122
group : 14, 16, 83-99 orbicularis: 136
extent and thickness: 90 prouti: 122
fauna of : 96 sublamellosa : 148
fossil localities : 98 climata: 9-10
fusulinid zones: 98 clinei, Glaphyrites: 154
historical aceount: 88-89 Cloud, P. E., Jr.: 14, 19
illustrated : 151 coal-bearine beds, Brazos River valley: 83
lithology : 90 coalescens, Pleurocora: 116
paleontology: 95-98 cabbles, Aylor Bluff beds: 68
sectjons: 91-98 Ellenburger: 102
stratigraphic range of fossils: 97 collomensis, Triticites: 98
stratieraphy of : 89 Coleman Countv: 89, 109
subdivisicns : 98 Colony School: 85, 86
Cap Mountain formation: 14 conglomerate: 85

limestone member: 14, 17 coloradoensis, Dietyoclostus: 136
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Colorado River: 8, 14, 32, 84, 45, 47, 48, 50, 56, 65, 66,
75, 76, 17, 18, 19, 81, 85, 145, 147
valley : 83
color bands in Strawn sandstone: 87
columnar sections: 42
Barnett shale: 83
Big Saline group: 56
graphic: 21
Comal County: 102
Comanchean strata: 75
Comanche County : 102
Creek bed: 88
Comanche Creek shales: 20
fossil localities: 88
Comanche Peak beds: 101
limestone: 101, 111-113, 114, 115
distribution and thickness: 111
fossil localities: 113
lithology and houndaries: 112
paleontology : 112
comparison of Big Saline and Sloan formation faunas:
74

Composita: 42, 50, 59, 92, 93
ovata : 136
ozarkana: 54, 132
pusilla: 126
compressum, Pha.neroueras b8, 59, 66, 67, 68, 142
Comstock, T. B.:
Comyn Iormatlon 15
concrete: 103
conceretions, Barnett formation: 40
claystone, Strawn shale:
sphercidal, Barnett formation: 39, 124
Smithwick formation: 80
Condra, G. E : 75
cooperensis, Rhynchopora: 122
coquina, erinoidal, Chappel limestone: 121, 122
cora, Productus: 47
“‘coral” limestone bed: 88
corals: 16
from Glen Rose limestone: 109
cores through Glen Rose limestone: 107
core tests at Mansfield Dam: 108
correlation—
Barnett formation: 43
Chappel formation: 30
Edwards formation: 116
Sloan formation: 54
costatum, Allorisma: 136
corrugata, Amplexocarinia ?7: 49
Coryell County: 103, 107, 108, 112
“‘cotton roek”: 5O, 61
cottonseed-oil mill: 11
cotton spinning mill: 11
Cottonwood Creek: 48
bed: 86
Cow Creek: 102, 104, 105, 108
limestone: 102, 104-105
fossils from: 105
section: 105
thicknesses of : 105
type loecality : 105
Cowboy: 81
Cox’s Crossine: 102, 104, 105
crassa, Derbyia: 47, 53
Edmondia: 126
crebripora, Septopora: 73
Cretaceous: 49
cuesta : 84
Lower: 75
overlap: 59
references on:
sands: 90
sections: 114
system : 101117
eribrosa, Phyllnporﬂ 73
erinoidal coquina, Chappel limestone: 121, 122
crinoidal limestone, illustrated: 139
crinoid stems, Chappel: 61
erinoids: 16
cross-beddingy in Hensell sand: 106
cross section, Brady-Mason highway sink: 27
Honev Creek sink: 26
Post Oak sink: 25
White’s Crossing sink: 26
Cummings farm wall: 84
Culberson County: 148
Cummings farm well: 84
Cummins, W. F.: 14, 47, 88, 88
Cumminsia ap]ata 78, 80, 81 88, 87, 148

116-117
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Cuyler, R. H.: 88, 105

Cypress Creek: 21, 49, 104
Mills: 21, 28, 30, 108, 104

Cyprimeria texana: 110

Cystodictya (Sulcoretepora) lophodes: 73
occellata: 73

Dake, C. I..:
dams: 11
ancient concrete: 57
Damon, H. G.: 103, 106
Daraelites (Boesites) seotti: 148
Darton, N, H.: 14
davidsoni, Radiclites: 116
Davis School: 31, 45
Deadman’s Hole: 102, 105
De Leon formation: 15
Delthyris novamexicana: 122
Deltopecten batesvillensis: 126
Dennis Bridge limestone member: 15
Denton County: 115
Derbyia: 60
crassa: 47, B3
derelicta, Paeckelmannia: 80, 87, 148
Derryan: 75
Des Moines division: 88, 89
fauna: 78, 90
Devonian gystem: 18, 19
age rocks: 15, 17
Dickerson formation: 15
Dictyoclostus elegans: 126
inflatus : 126
ecloradoensis: 136
morrowensis: 47, 53, 60, 73, 132
Dielasma: 93
dikes, sandstone: 64
distinguishing characters of Big Saline formation
members: 73
distinguishing features—
Barnett formation: 39
Big Saline formation: 61
Chappel formation: 28
Smithwick formation: 80
Strawn group : 86-87
distribution of cobbles from Sycamore conglomerate:
103

14, 21

of fossils, Smithwick formation: 82
of rock types in Rochelle conglomerate pebbles: 92
dolomite, quarried: 11
in Sycamcre sand pebbles: 104
Domatoceras sculptile: 89
dominws, Chonetes: 60, 142
Donalson Creek: 48, 67
Doaoublehorn Creek: 31, 34, 45, 62, 63, 78
School: 45, 81
Douglas formation, list of fossils: 97
drainage pattern: 9
Drake, N. F.: 14, 83, 84, 93
Dry Creek: 83
Dumble, T, T.: 13, 47, 83
clagsification of Pennsylvanian strata: 83
Dunbar, Carl O.: 73, 75, 78, 136

Bastland Lake formation: 15
Eckert: 77
Edmondia aspinwallensis: 95
crassa: 126
Edwards epoch: 101
limestone: 101, 111, 113-116
correlation: 116
distribution and thickness: 113-115
paleontology : 115-116
sections: 114
thicknesses of : 115
Plateau: 8, 111, 116
Eifler, G. K.: 115
El Agra hmes’cone 116
elegans, Dictyoclostus: 126
elegantula, Camarotoechia: 122
Elias, M. K.: 73
Ellenburger: 59
cobbles: 102
dolomite: 63
formation : 14, 59
group: 16, 18
limestone: 9, 14, 21, 23, 33
illustration: 119
ridges: 70
rocks: 52, 101
strata: 20
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Elliott Creek: 102, 103, 104
bed: 86
member, fossil localities : 88

Ellis cemetery: 83

“encrinital” strata: 47

England: 40

entogonum, Goniatites: 32

Foradiolites : 114

Trna: 31, 46, 77, 114, 115

Espey Creek: 20, 21, 22, 45, 48, 76
limestone: 26, 28

Tspeyville: 31, 75

Etheloerinus texasensis: 52, 53, 54, 132

Euomphalus: 63, 67

Eumetria altirostris: 122
osagensis: 122

Fumorpheoceras bisuleatum: 126

Exogyra texana: 110, 113, 114

explorers, Spanish: 7

extent and thickness—
Barnett formation: 32-33
Canyon group: 90
Chappel formation: 21-22
Comanche Peak limestone: 111
Edwards limestone: 113-115
Glen Rose limestone: 106
Marble Falls group: 48
Sloan formation : 52
Smithwick formation: 78
Strawn group: 84

facies: 26, 47
Barnett formation: 87
Chappel formation: 26
Edwards limestone: 113
Smithwick formation: 80
Faught quarry: 87
fauna-—
Canyon group : 96
comparison of Big Saline and Sloan formations: 74
Fayvetteville, list of : 44-45
Lemaons Bluff, stratiocraphie range of : 69
Millsap Lake formation: 88
Osage age: 21
Fayetteville fauna, list of : 44-45
shale: 43
feldspar in Sycamore sand pebbles: 104
Fenestella cingulata: 78
stahiliz: 78
Fifc: 89
flagstones, Strawn age: 87
llustrated: 151
Flat Branch: 76
flemingi, Chonetina: 95, 158
flemineii, Productus: 47
Fort Mason: 12
Fort McKavitt: 12
Fort Stockton region: 116
fossiliferons erinoidal limestone, Boone age: 14
fossiliferous limestone, Barnett formation, illustra-
tion: 126
fossil localities—
Barnett formation: 45-46
Brister Bluff lentil: 77
Brook lentil: 75
Canyon group: 98-99
Chappel: 30-32
Comanche Creck shale: 88
Comanche Peak formation: 118
Elliott Creek member: 88
Lemons Bluff member: 75-76
Sloan formation : 54, 57
Smithwick formation: 8§1-83
Soldiers Hole lentil: 76-77
Strawn group: 88
Walnut clay: 111
fossilg-—
Barnctt formation: 42
Brentwood formation: 69
Chappel formation : 29
Chester formations: 44-45
Comanche Peak formation: 118
Cow Creek limestone: 105
Edwards limestone: 115
Glen Rose limestone: 108-109
Goniatites choctawensis zone, Barnett formation : 40
Hale formation : 69
illustrated—
Barnett: 126
Big Saline: 136

Canyon: 158
Lemons Bluff: 142
Marble Falls: 136, 142
Smithwick : 148
Strawn: 154
Kessler formation: 69
Lemons Bluff : 68
Hmestone members, Barnett formation: 41
Morrow formation: 69
Neoglyphioceras zone, Barnett formation: 40
Ordovician and Carboniferous: 12
Sloan formation: 53
Scldiers Hole member: 69, 71
Walnut elay: 110
Fox Ford bed: 86
Fredericksburg : 8, 12
division : 109
group: 101
furcifera, Cladophyllia: 116
Fusulina hawortihi zone: 98
llanoensis : 58, 59, 60, 66, 70, 73, 77, 136
meeki zone: 98
prolifica. zone: 98
rickerensis: 90
zone: 98
suthusepta zone: 98
Fusulinella primaeva: 58, 64, 66, 71, 73, 75, 136
fusulinid zones, Canyon group : 98
Strawn group: 98

Gabb, W. M.: 32
ganti, Marathonites: 89
Garner formaticn: 88
Gasirigeeras occidentale: 148
smithwickense: 79, 80, 81
gastropods: 16
turreted : 64
Gatesville: 108
Camp: 103, 106
weologic succession of sediments: 16
Geological Society of America: 14
Georgetown : 115
geosyneline, Mineral Wells: 84
Germany : 40
CGibbons ecnglomerate: 52, 61-G4, 67
lentil: 63
member : 47, 64
Gillespie County: 7, 105, 111
formation: 105
Girty, G. H.: 14, 16, 21, 31, 32
Glabrocingulum grayvillense: 158
Glaphvyrites clinei: 154
kansasensis: 89
raymondi: 154
glass sand, from Paluxy sand: 109
Glen Rose limestone: 102, 105, 106-109, 114
distribution and thickness: 106
lithology : 106-107
paleontology : 108-109
permeability : 107
porosity s 107
specific gravity : 107
elobosa, Herridonia: 132
Goen limestone member: 15
Goldman, M. T.: 21
Goldthwaite: 8
goniatite, containing petroleum : 40
Goniatites: 35, 86, 38, 40
choctawensis: 34, 36, 37, 39, 126
zone, fossils from Barnctt formation: 40
entogonum : 32
Gonicloboceras welleri: 89
Gocdland formation: 115
Gordon : 83
sandstone: 83
roreii, Neospirifer: 136, 142
Gorman formation: 16, 18
stromatolite zone in: 18
grabens: 8
Graford formation: 90, 97, 98
Graham [ormation: 89, 98
granite, quarried: 11
Grant, Bruce T.: 39, 93, 103, 104
graphie sections, Smithwick formation: 147
graphite: 11
grayvillense, Glabrocinoulum : 158
grimesi, Spirifer: 28, 30, 122
Grindstone Creek formation: 15
Guadalupe River: 102
Gunsizht limestone: 89
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Hackberry Well: 32 Spring: 26, 27, 46, 57
Hadrophyllum aplatum : 78 Knight, J. Brookes: 54, 64, 68, 70, 71, 13, 75, 81, 88, 97
Hale formation: 54 Kohlen Kalkstein: 12
list of fossils: 55, 69, T4 Kreidebildungen: 12
Hall: 27, 32, 61, 62, 64, 70, 93
uplift: 57 Lake Pinto sandstone lentil: 89
Hamilton Creek: 102, 104 Lake sandstone pay: 15
Pool: 104 Lake Travis: 78, 81
Hammett’s Crossing : 102, 104, 105 lamellosa, Athyris: 122
Hancock Park: 45, 102 Lampasas: 8, 10, 20, 22, 31, 32, 38, 45, 48, 67, 75, 78
Hanna Valley bed: 86 County: 7, 22, 28, 33, 34, 37, 45, 48, 53, 66, 67, 68,
Harkeyville: 82, 46, 54, 76 12, 75, 77, 87, 102, 107, 109, 110, 111, 118, 126, 147
Harrell's Cavern: 27, 46 cut plain: 113
haworthi, Fusulina: 98 division : 47, 76
haydenensis, Marginifera: 62 River: 107
Hays Countly: 102, 115 section : B0
Heald, K. C.: 14, 21 series: 15, 78
Heatherly farm well :84 Lansing formation, list of fossils: 97
Helms formation: 43 group: 97
fauna of : 48, 44-45 lasallensis, Marginifera: 158
Hengell sand: 102, 105106, 107 laxa, Camerotoechia: 126
size analysis of sand: 106 Lazy Bend formation: 15
thicknesses of : 106 Leda arata: 148, 158
Heleraster: 110 n.sp.: 148
hiatus, Silarian-Devonian: 20 vaseyana : 126
Hickory Creek: 102, 103, 104, 105 Leiorhynchus : 35, 36, 38, 42, 63
Hickory sandstone member: 14, 17 carboniferum: 37, 62, 126
Hill, R, T.: 18, 47, 75, 113 Lemons Bluff beds: 50, 60, 71, 78, 78
historieal account— sponge spicules in: 78
Barnett formation: 32 Lemons Bluff fauna, stratigraphie range: 69
Canyon group : 88—89 fossils, illustrated : 142
Chappel formation: 20-21 limestone: 61
Marble Falls group : 46-47 member: 47, 52, 61, 64, 66-70, 72, 75, 76
Smithwick formation: 77-78 common species : 68
Strawn group: 83 fossil localities: 75-76
Hobson Mountain: 8 section : 67
Holland Spring eascade: 77 silicevus content of : 61
Home Creek limestone: 88, 92 strata: 57
Honey Creek: 18, 19, 21, 24, 27, 28, 31, 33, 36, 37, illustrated: 129
41, 42, 45, 48, 57, 59, 77, 78, 79, 81, 126, 147 Lemons Camp: 48, 52, 58, 56, 65
sink, eross section: 26 Leonard ranch, section on: 35
Honeyeut formation: 16, 18 Leon Creek: 22, 31, 46
Horridonia globesa: 182 Leon Springs: 102
Horse Creek bed: 86 lepidodendroides, Rhombcepora: 73
Hudnall, J. 8.: 88 Leptaena analoga: 122
Hustedia miseri: 54 Liddle, R. A.: 20
hydroelectric power: 12 Liesegang’s rings: 87
limestone bed, “coral”: 88
Illinois : 80, 43, 44, 45, 54 Chaetetes-bearing : 88
illinoisensis, Rhynchopora: 132 Ellenburger, illustration: 119
inerassata, Cleiothyridina: 122 fossiliferous, Barnett formation, illustrated: 126
Indian Bluff: 66, 67 fossiliferous ecrinoidal, Boone age: 14
Indian camp site: 12, 46 members of Barnett formation, fossils from: 41
Indian Creek bed: 86 mottled : 72
industry: 11 quarried: 11
inflatus, Dictyoclostus: 126 sink, ancient: 25
Coloradoensis: 136 slab, Marble Falls fossils: 142
Inks dam: 11 Sloan member: 132
Insane Asylum: 104 Sycamore sand pebbles: 104
ironstones, Strawn shale: 80 ‘‘limestone of Boone age™: 21
itregularis, Triticites: 92, 98 Lingula: 78
Ives Branch: 27 Linoproduetus: 50, 52
conglomerate: 26, 27 nodosus: 53, 132
platyumbonus : 73
Jack County: 89 tenuicostus: 122
Jeffords, R. M. b4, 68, 71, 73, 78, 81 welleri: 136
Jim Ned Creek: 88 Lion Mountain sandstone member: 14, 17
Johnson City: 8, 21, 45, 54 Lipan Indians: 8
jointing, Ellenburger limestone: 119 liratum, Liroceras: 89
Junction: 76, 77 Lirceeras liratum: 89
Juresania symmetriea: 95, 158 lithologic analyses of pebbles from Sycamore sand
wilberana : 132 conglomerate: 104
lithology—
Kansas: 74 Barnett formation: 34-37
Kansas City formation, list of fossils: 97 Canyon group: %0
group: 90, 97 Chappel formation: 22-26
kansasensis, Glaphyrites: 89 Comanche Peak limestone: 112
kaskaskiensis, Orthotetes: 142 Glen Rose limestone: 106-107
Keechi Creek shale: 90 Marble Falls group: 48-52
Kentucky: 54 Smithwick formation: 78-80
kentuckyensis, Punctospirifer: 154 Strawn group: 84—86
Kerrville: 115 Little Brady Creek: 60, 64, 77
Kessler formation, list of fossils: 55, 69, 74 Llano: 8, 10, 24, 45, 46, 62, 102, 114
Kickapoo Falls limestone member: 15 County: 7, 48, 111, 147
Kimble County: 7, 31, 32, 38, 46, 56, 57, 64, 70, 76, quadrangle: 14
77, 78, 102, 136, 139, 154 River: 8, 12, 21, 22, 27, 28, 31, 46, 48, 57, 76, 102,
Kinderhook age: 30 107, 122
King Branch: 22, 26, 32, 46, 52, 73 llanoensis, Fusulina: 58, 5%, 60, 66, 70, 73, 77, 136
Creek: 28, 27 Pronorites : 75, 136

marl: 26 lobatus, Plaxocrinus: 158
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localities, type—
Barnett formation: 46
Big Saline formation: 57, 77
Chapvpel fossils: 31
Cow Creek limestone: 105
Rochelle conglomerate: 94
Sloan farmation: 53
Smithwick formation: 77, 78, 79
Smithwick fossils: 83
Travis Peak formation: 102
Locker: 84
Lometa: 34, 46, 86, 87
London: 81, 46, 76, 77, 78, 102
Lone Camp formaticn: 98
Long Mountain: 110, 111
Long Valley: 48, 78
lophodes, Sulcorvetepora (Cystodictya) : 73
Lower Cretaceous: 75
Lower Ordovician rocks, stratigraphy of : 156
Lower Pennsylvanian formations: 21
classification : 47
Lynch Creek: 102
bed : 86
Lyrogoniatites newsomi: 126

McAnelly’s Bend: 14, 66
McClesky sandstone pay: 15
MeCroury well: 147
MecCulloch County: 7, 21, 22, 24, 27, 28, 29, 30, 31, 33,
34, 87, 42, 45, 48, 52, b7, 60, 62, 64, 66, 70, 72, 738,
75, 77, 78, 81, 88, 89, 91, 94, 98, 99, 102, 107, 110,
111, 113, 122, 136, 147, 148, 154, 158
MecLester sandstone pay: 15
McNett Creek: 102
magnesium: 11
Mansfield dam: 11, 78, 81
corc tests at: 108
Marathonites ganti: 89
Marble Canyon: 148
Marble Falls: 8, 11, 30, 32, 47, 48, 52, 54, 56, 66, 81,
101
beds: 57
dam: 11, 50
formation: 14, 34, 36, 38, 86
section: 72
fossils, illustrated: 182, 136, 142
group : 15, 16, 46-88
comparison of fauna: 74
extent and thickness: 48
higtorical account: 46—47
illustrated : 189
Iithology and sections: 48-52
subdivisions: 52
thicknesses: 48
limestone: 14, 82, 63, 78, 84, 90, 107
fossil assemblage: 81
sections: 49-52
strata: 20, 63
marblensis, Millerella ; 75, 142
marcida, Monopleura: 116
Marcou, Jules: 13
Marginifera: 51, 63
havdenensis: 62
lasallensis: 168
muricatina: 87
roemeri: 47, 53, 54, 67, 132
splendens: 154
Marmaton formation, list of fossils: 97
Marshall Ford dam: 11, 78, 81, 108
Mason: 8, 19, 31, 41, 42, 45, 46, 68, 75, 79
County: 7, 18, 21, 22, 24, 26, 27, 28, 29, 31, 33, 34,
36, 87, 38, 41, 42, 486, 48, 52, 57, 59, 64, 70, 76, 71,
78, 81, 107, 111, 113, 122, 126, 136, 142, 147
matheri, Spirifer: 68, 142
Matteson, W. G.: 20
Maxdale: 107
meeki, Fusulina: 98
Meekospira peracuta: 158
Menard: 7, 12, 81
County: 46, 77, 106, 107, 112, 114, 115
Mercury : 89, 90
Merkt, Ernest: 103, 106, 109
mesolobus, Mesolobus : 87, 90
Mesolobus mesolobus: 87, 90
rochellensis: 154
Meusebach, Count: 12
Mexico: 115, 116
Michelinia: b2, 65
microfossils in Big Saline formation: 60-61
microscopic characteristics —
Barnelt formation: 38

The University of Texas Publication No. 4329

Big Saline formation: 60
Chappel formation: 28
Smithwick formation: 80
Milburn beds: 83
series: 83
miliolids : 111
Mill Creek: 31, 59
Millerella marblensis: 75, 142
Millsap division: 83
Millsap Lake fauna: 90
formation: 14, 88, 98
fauna of: 88
group : 15
Mills County: 83, 85, 102, 104
Mineral Wells formation: 14, 89, 98
geosyneline: 84
miseri, Hustedia: 54
Mississippian formations: 21
system: 16, 20-46
Mississippi Valley: 30
Missouri: 30
division : 89, 97
missouriense, Schistoceras: 89
missouriensis, Rhipidomella: 30
monadnocks: 8
Monopleura marcida: 116
Moore farm well: 84
Moore, Joe: 86
Moare, R. C.: 14, 32, b4, 68, 71, 73, 78, 81
Moorefield shale: 14, 40, 43
list of fauna: 44-46
moorei, striatopora: 154
Morgan Creek limestone member: 17
Morrow formation: 54
list of fossils: 55, 69, 74
series: 15, 47
species: 68
morrowensis, Dictyoclostus: 47, 538, 60, 73, 182
mottled limestone: 72
muricatina, Marginifera: 87

Naruna: 31, 48, 75, 111
nautiloids collected: 76
Neilsonia : 66
(Neithea), Pecten occidentalis: 113
Nelin : 27, 84, 93, 94
Neodimorphoceras texanum: 89
Neoglyphioceras: 36, 87, 38, 38
limestone: 84,
zone, Barnett formation, fossils from: 40
Neospirifer: 22
cameratus: 59, 62, 66, 73, 136
goreii: 136, 142
texanus: 158
Nevada: 43
New Mexico: 30
newsomi, Lyrogoniatites: 126
Niekell, C. O.: 88
Nigger Head: 8
Nix: 31, 45, 48, 75, 87, 110
nodosus, Linoproductus: 58, 182
nodules, Comanche Peak: 112
rhesphatic: 61
nalinense, Phaneraceras: 132
novamexicana, Delthyris: 122
Nucula anodontoides: 158
Nueculana: 81, 108
bellistriata: 66
Nuculoceras: 85
barnettense: 126
smithwickense: 148
Nuculopsis ventricosa: 148, 158

obsolens, Shumardella: 122
occellata, Sulcoretepora (Cystodictya) : 73
occidentale, Gastrioceras: 148
occidentalis, Pecten (Neithea) : 113
ohicensis, Triticites: 98
oil, at Breckenridge: 14
at Ranger: 14
in Marble Falls group: 48
shale testing : 39
showings, Barnett formation: 39
Okaw formation: 43
Oklahoma: 14, 40, 43, 44, 45, 54, 55, 68, 69, 74, 78
0Old Smithwick: 145, 147
omphaloides, Plaxoerinus: 158
Onion Creek: 27, 33, 87, 45, 48, 90, 93, 94
section at: 71
oclites : 88



Barnett formation: 40
Big Saline formation: 73
“oolitic” bed: 111
opimus, Spirifer: 68, 142
orbicularis, Cleiothyridina: 136
Orbiculoidea: 78
Orbitolina texana: 108
Ordovician age rocks: 17
Lower, stratigraphy of: 16
system: 16, 18-19
Orthis arachnoidea: 47
Orthoceras: 37
Orthonychia ungula: 30
Orthotetes: 63
kaskaskiensis: 142
Osage age fauna: 21
csagensis, Bumetria: 122
Wellerella: 47, 53
ovata, Composita: 136
Striatifera: 122, 126
Oxytrovidoceras acutocarinatum: 113
oweni, Rhipodomella: 122
ozarkana, Composita: 54, 132

Packsaddle Mountain: 8
Paeckelmannia: b3
derelicta: 80, 87, 148
sp.: 132
Paige, Sidney: 14, 47, 77
paleontology—
Barnett formation : 4043
Canyon group : 95-98
Chapvel formation: 29
Comanche Peak limestone: 112
Edwards limestone: 115-116
Glen Raose limestone: 108-109
Sloan formation: 53
Smithwick formation: 80-81
Strawn group: 87-88
Palo Pinto County : 83, 88, 90, 97
formation : 90, 98
limestone: 88, 90
Paluxy sand: 102, 109, 114
glass sand scurece: 109
size-distribution of sand grains from: 109
thicknesses: 109
Paradise formation : 43
Paralegoceras texanum.: 66, 68, 142
Parasmilia austinensis: 116
Parks formation: 15
patagiata, Toucasia: 116

pebbles, lithologie analysis of, from Sycamore sand

conglomerate: 104
Pebbly Point School: 32, 46
Pecten (Neithea) cccidentalis: 113
Pedernales dolomite member: 17, 18
Pedernales Falls: 48, 49, 51, 102, 108, 104
River: 7, 8, 18, 21, 23, 48, 49, 102, 104, 105
Pennsvlvanian formations, classification of : 15
Lower: 71
classification : 47
strata, classification by T, T. Dumble: 83
system: 16, 46-101
Penroge Bequest: 14
peracuta, Meekospira: 158
percarinatus, Pharkidonotus: 148
permeability of Glen Rose limestone: 107
perplexa, Squamularia: 136
Perrv Mesa: 110, 111
persinuata, Rhynchopora: 122
Petroleum Engineering Department: 39
petraleam, in goniatite: 40
petrolifercus character, Barneit formation: 39, 40
Petty, J. K.: 39
Phaneroceras: 58
compressum : 58, 59, 66, 67, 68, 142
nolinense: 132
Pharkidonotus: 58, 80, 66, 68, 71, 72, 87
percarinatus : 148
phosphatic nodules: 61
Phyllopora cribrosa: 73
Pillar Bluff: 19, 42, 122
Creek: 31, 45, 124
limestone: 16, 19, 119
pingue, Wiedeyoceras: 89
Pitkin formation: 43
Placid: 91
beds: 97
Plagioglypta annulistriata: 126
plancconvexa, Ambocoelia: 148
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Platycrinus sp.: 154
platyumbonus, Linoproductus: 73
Plaxocrinus lobatus: 158
omphaloides: 158
plebeia, Chonetina: 95, 168
Pleurocora coalescens: 116
texana: 116
Plummer, Helen J.: 60, 68, 71, 78
Point Peak shale member: 17, 18
Pontatoc: 101
Pool Branch: 22, 32, 72
Creek: 23
porgsity of Glen Rose limestone; 107
Posidonomya vaughani: 126
Post Oak sink: 27
cross section of : 25
poststriatula, Schizophoria: 30
Potatotop Mountain: 110
Potsdam group, fauna: 13
Pottsville formation: 54, 75
list of fossils: 55
primaeva, Fusulinella: 58, 64, 66, 71, 78, 75, 136
Prizsmopora serrata: 164
Productus cora: 47
flemingii: 47
Proetus roundyi: 30
prolifica, Fusulina: 98
prone, Pronoceras: 154
Pronoceras prone: 154
Premorites: 58
llanoensis: 75, 136
prouti, Cleiothyridina: 122
Pseudoparalegoceras: 87
Pseudostafella: 73, 76
Pseudcthoceras: 39
pugnus, Terebratula: 47
punctatus, Ciboloerinus: 132
Punctospirifer: 52, 92
kentuckyensis: 154
transversa: 142
purilla, Composita: 126
pustulosa, Rhynchopora: 122
Putnam Mountain: 8

quarries, on Buttrill ranch: 87
in Strawn sandstone: 87
guartz in Syeamore sand pebbles: 104

Radiolites davidsoni: 116
“rainbow rock’ : 87
rainfall: 10
Ranger, oil at: 14
limestone: 88, 93, 97
series: 83
raymondi, Glaphvrites: 154
Rayonnoceras: 68
Rebeeca Creek: 102
Red Bluff: 87
Reeves, . W_: 14
references: 12, 16, 19, 99, 116-117
Regency: 84 .
regional oceurrence of Sloan fossils: 55
Requienia texana: 116
resnupinoides, Schizophoria: 73, 136
Rhipodomella burlingtonensis: 122
carbonaria: 154
missouriensis: 30
n.sp.: 142
owenit 122
Rhembopora lepidodendroides: 73
Rhynchopora ecoperensis: 122
illinoisensis : 182
persinuata: 122
pustulosa: 122
Richland sandstones: 83
Richland Springs: 31, 32, 46, b7, 83, 85
Ricker bed: 86, 90
limestone member: 15
riekerensis, Fusulina: 90, 98
Riley formation: 16, 17
Mountain: 8
robusta, Chonetes: 87
Chonetina: 154
Rochelle: 31, 45, 64, 75, 77, 78, 79, 88, 90, 91, 94, 110
conglomerate: 83, 88, 90, 93-94, 103, 104
chert pebbles: 93, 94
size analyses of : 93
distribution of rock types in pebbles: 94
illustrated : 151
shape analysis: 94
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thicknesses of: 94 Sellards, E. H.: 14, 47
type locality : 94 Septopora erebripora: 73
raehellensis, Mesolobus @ 154 serrata, Prismopora: 154
rockymontanus, Spirifer: 59, 60, 66, 68, 136 Shadrick Mill: 85
rock types, distribution of in Rochelle conglomerate bed: 86
pebbles : 94 shape analysis, Rochelle conglomerale: 64
rock quarrying: 11 Shaw farm well: 84
Rockvale Church: 81 Shawnee formation, list of fossils: 97
Roemer, Ferdinand: 12, 13, 46 Shin Qak hills: 101
roemeri, Marginifera: 47, 53, 54, 57, 132 Mountain: 114
rostrata, Chonetina: 158 Shoal Creek: 108
Rough Creek: 22, 23, 32, 48, 66, 72, 77 Shovel Mountain: 110, 112, 115
Dbed: 86 Shropshire Lake: 48, 62, 75
Rough Mountain: 91 Shumard, B. I'.: 13
conglomerate: 95, 98 Shumard, G. G.: 12
sereen analyses of @ 95 Shumardella obsolens: 122
Roundy, P. V.: 14, 21, 81 Sierra Diablo: 148
roundyi, Proetus: 30 siliceous contenl of Lemons Bluff member : 61
Rudistaceae: 116 Silurian-Devenian hiatus: 20
Rugged Mountain: 91, 158 Silurischen Kallkstein: 12
Simpsocn Creck: 54
Salenia: 110 sink, ancient limestone: 25
texana: 108 Brady-Mason highway, cross section: 27
Salesville shale: 83, 90 Honey Creek, cross section: 26
Saline Creek: 81, 76 Post Oak, cross section: 25
Salty Creek: 31 ‘White’s Crossing, cross section: 26
sampsoni, Cancrinella: 136 sink holes: 26
sand grains, size analyses: 86 location in Chappel formation: 27
size distribution of, from Paluxy sand: 109 Sipe Sprinas formation: 15
size-frequency analyses: 103 size analysis, of Hensell sand: 106
sandstone dikes: B7, 64 Rochelle conglomerate chert pebbles: 93
San Saba: 8, 31, 32, 38, 40, 46, 54, 62, 72, 84, 86, 88, 94 Strawn sand grains: 86

County: 7, 18, 23, 23, 25, 27, 29, 30, 31, 32, 83, 384,  size-distribution of sand grains from Paluxy sand: 109
05, 86, 80, 46, 47, 48, 52, 53, 54, 56, 57, 62, 65, 67, size-frequency analyses, Sycamore sand grains: 103
70, 72, 78, 76, 77, 78, 79, 83, 84, 85, 101, 104, 107, size-frequency distribution of cobbles from Sycamore

111, 114, 122, 126, 132, 136, 142, 145, 147, 148 conglmoerate: 103
section in: 62 Skinner, J. W.: 73
limestone member: 17, 18 Slide Rock: 103, 104
River: 8, 12, 20, 32, 37, 46, 48, b2, 53, b7, 65, 76, 129 Slit Rock Spring: 45
Springs: 76 Sloan formation: 47, 52-57, 61, 68, 73
Santa Anna: 109 comparison of fauna: 74
Mountain: 109 correlation : 54
Santo formation: 98 description : 52
limestone member : 15 fossil localities: 54, 57
Satuit: 71, 88, 94 fossils from: 53-54
savagei, Straparolus: 66, 68, 87, 148 illustrated : 139
Schistoceras misscuriense: 8% name and extent: 52
Schizophoria: 58 paleontology: 53
poststriatula: 30 regional occurrence of fossils: 56
resupinoidest 73, 136 Sloan fossils, illustrated : 182
Schuchert, Charles: 75 member, limestone slab: 132
schucherti, Uddenites: 39 « School: 46
scotti, Daraelites (Boesites) : 148 strata: 57
sereen analyses, Rough Mountain conglomerate lentil: Smithwick: 77, 79
95 Bend: 71
seulptile, Domatoeceras: 89 formation: 14, 16, 47, 77-83
section: 36 coneretions: 80
Avlor Bluff lentil: 65 distinguishing features: 80
Barnett formation : 34, 35, 37 distribution of fossils: 82
Big Saline formation: 57-60 extent and thickness: 78
strata: 62 facies: 80
Brook lentil: 64 fauna, distribution of : 82
Canyon group: 91-93 fossil localities : 81-83
Chapypel formaticn : 22, 23, 24 graphic sections: 147
columnar: 42 historical account: 77-78
Barnelt shale: 33 illustrated : 145
Big Saline group: 56 lithology : 78-80
Cow Creek limestone: 105 miercscopic characteristics: 80
Cretaceous strata: 114 paleontology : 80-81
cross, Brady-Mason highway sink: 27 gection: 79
Honey Creek sink: 26 type: 145
Post Oak sink: 25 subdivisions: 80
White’s Crossing sink : 26 type locality: 77, 78, 79
Doublehorn Creek: 84 fogsils, illustrated : 148
Edwards limestone: 114 type locality : 83
graphie columnar: 21 group: 15
graphie, Smithwick formation: 147 shale: 14, 47, 48, 66, 98
Lemons Bluff member: 67 strata: 84
Leonard ranch: 85 Smithwick, Noah: 77
Marble Falls formation: 72 smithwickense, Gastrioceras: 80, 81
lltmetstonﬁcg: 49-52 Nuculoceras: 148
strata: <11
‘Onion Creek: T1 soapstone: .
San Saba County: 62 So%dlel"ls-lggleﬁilno 71
Sloan formation, type locality : 53 entil : 52, 61, 70~
. Y ; fossil lacalities: 7677
Smithwiek formation: 79 list of fossils: 69
type: 145 ist of fossils:

Strawn sandstone: 86, 87 1;1:;;5}’:;:0 i1’?4‘73

Turkey Roost Creek: 36 i
[ ’ : fosgils f H
sediments, geologic succession of : 16 il?i:::ﬁatgc]lr:n 12;?91
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Spanish explorers: 7
mission : 12
Spanish Oak Creek: 108, 104
specific gravity of Glen Rose limestone: 107
Specks Crossing: 102
spheroidal conceretions, in Barnett formation : 39
Spicewood : 82, 45
Spirifer: 36, 58, 62, 63
carinatus: 28, 30
grimesi: 28, 80, 122
matheri: 68, 142
opimus: 68, 142
rockymentanus: 59, 60, 66, 68
splendens, Marginifera : 154
sponge spicules: 66
Brister Bluff lentil: 78
Lemons Bluff member : 61, 78
Spring Creck bed: 86
springs: 9
Squamularia : 63, 92
perplexa: 136
stabilis, Fenestella: 73
Staendebach member: 18
State Board of Water Engineers: 20
Btraparalus savagei: 66, 68, 87, 148
stratigraphic range, of Canyon fossils: 97
Lemons Bluff fauna: 69
stratigraphy, Canyon group: 89 ~
Lower Ordovician rocks: 15
Strawn: 83
age: 75
beds: 78
fossils, illustrated: 154
group: 14, 16, 57, 83-88, 98
distinguishing features: 86-87
extent and thickness: 84
flagstones, illustrated: 1561
fossil lgealities: 88
fossils listed: 97
fusulinid zones in: 98
historical account: 83
lithology : 84-86
paleontology : 87-88
sections : §5-86, 87
size analyses of sand grains: 86
special features: 87
subdivisions: 86
textural and mineralogical characteristics: 86
thickness of strata in wells: 84
sandstone, color bands in: 87
series : 15, 83
shale, claystone concretions: 86
ironstones: 80
streams: 9
Striatifera ovata: 122, 126
Striatopora moorei: 154
Stribling formation: 16, 19
stromatolite zone in Gorman formation: 18
subdivisions—
Barnett formation: 37-38
Big Saline formation: 61
Canyon group: 93
Chappel formation: 26—28
Marble Falls group: 52
Smithwick formation: 80
Strawn group: 86
sublamellosa, Cleiothyridina: 148
suborbicularis, Brachythyris: 30, 122
subqguadrata, Amphiseapha: 66
Sulcoretepora (Cystodictya) lophodes: 73
occellata: 73
Sulphur Creek: 48
suthusepta, Fusulina: 98
Sweden School: 45, 71
Syeamore sand @ 102-104
size-frequency analyses of grains: 103
thicknesses: 104
Sycamore sand conglomerate,
pebbles in: 104
size-frequeney distribution of cobbles from: 103
symmetrica, Juresania: 95, 158
Syringopora: 59

lithologic analyses of

tabulata, Worthenia: 95, 158

Taff, J. A.: 14, 105

Tanyard formation: 16, 18

Taonurus caudigalli: 58, 59, 61, 66, 142
Tarr, R. S.: 14

tenuicostus, Linoproductus : 122
Terebratula pugnus: 47
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terrazzo: 11
texana, Cyprimeria: 110
Exogyra: 110, 113, 114
Orbitolina : 108
Pleurccora: 116
Requienia: 116
Salenia: 108
texanum, Neodimorphoceras: 89
Paralegoceras: 66, 68, 142
texanus, Neospirifer: 158
texasensis, Ethelocrinus: 52, 53, 54, 132
textural and mineralogical characteristies,
group: 86
Texas Geological Survey: 13
thicknesses—
Barnett formation: 32-33
Canycn group: 90
Chapvpel formation: 21-22
Comanche Peak limestone: 112
Cow Creek limestone: 105
Edwards limestone: 115
Glen Rose limestone: 106
Hengell sand; 106
Marble Falls group : 48
Paluxy sand: 109
Rochelle conglomerate: 94
Smithwick formation: 78
Strawn strata: 84
Syeamore sand: 104
Travis Peak formation: 102
Walnut clay: 110
Thomas, N. L.: 73
Thempson, M. L.: 73
Threadgill member: 18
Throckmorton County: 21
Thurston School: 113
Toueasia: 114
patagiata: 116
Trans-Pecos Texas: 43
transversa, Punctospirifer : 142
Travis County: 102, 104, 105, 115
Travis Peak: 102, 105
formation: 49, 83, 102-106
distribution and thickness: 102
type locality: 102
sravel: 101
Trepospira: 92
Trickham : 89
Trigonia: 105
Trinity division: 109
group : 102
sand, npper: 105
Triticites: 81, 92, 93
acutus zone: 98
collomensis zone: 98
irregularis: 92, 98
ohioensis zone: 98
Turkey Roost Creek: 46, 48, 52, 53, 56, 57, 65, 66, 67,
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Ulrich, ¥. O.: 14
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1J. 8. Geological Survey: 14
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Walcott, C. D.: 13

Waldrip series: 83

Walker Museum.: 54
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clay: 101, 109-111, 112
distribution and thickness: 109
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lithology: 110
paleontology: 110
epoch: 101
marl: 107, 114
Springs: 12
‘Wapanucka: 76
wapanuckensis, Caneyella: 126
Warren, L. E.: 19
Water Engineers, State Board of : 20
water in Marble Falls group : 48 .
water wells, size-frequency analyses of Sycamore sand
grains in: 103
Sycamore sand in: 104
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‘Welge sandstone member; 17

Weller, Stewart: 20

Wellerella osagensis: 47, 53
utah: 142

welleri, Gonioloboceras: 89
Lincproductus : 136

Wells, J. W.: 109

White Pine shale: 43

‘White's Crossing coquina: 26, 28
sink, eross section: 26

Whitney, F. L.: 108, 112

‘Whitney, Marion: 108

‘Whitt formation: 98

Wiedeyoceras pingue: 89

Wilbarger Creek bed: 86

wilberana, Juresania: 132

Wilberns formation: 14, 16, 17
limestone: 14

Williamson County: 107, 109, 112, 115

Winkler farm well: 84

wool-washing plant: 11

Workman, E. A,: 95

Work Projects Administration project: 89

Worthenia tabulata: 95, 168

Yates Crossing: 102
Yoldia: 81

Zaphrentis : 24, 51, 52, 68
Zesch formation: 16, 19
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