University of Texas Bulletin
No. 1816: March 15, 1918

THE GEOLOGY OF RUNNELS COUNTY

By
J. W. BEEDE and V. V. WAITE

BUREAU OF ECONOMIC GEOLOGY AND TECHNOLOGY
DIVISION OF ECONOMIC GEOLOGY
J. A. UDDEN, Director of the Bureau and Head of the Division

Published by the University six times a month and entered as
second-class matter at the postoffice at
AUSTIN, TEXAS

QAe5422



Publications of the University of Texas

Publications Committee:

F. W. GRAFF R. H. GRIFFITH
J. M. BRYANT J. L. HENDERSON
D. B. CASTEEL 1. P. HILDEBRAND
FREDERIC DUNCALF E.J. MATHEWS

The University publishes bulletins six times a month, so num-
bered that the first two digits of the number show the year of
issue, the last two the position in the series. (For ex-

ample, No. 1701 is the first bulletin of the year 1917.) These
comprise the official publications of the University publication
on humanistic and scientific subjects, bulletins prepared by the
Department of Extension and by the Bureau of Municipal
Research and Reference, and other bulletins of general educa-
tional interest. With the exception of special numbers, any
bulletin will be sent to a citizen of Texas free on request. All
communication about University publications should be ad-
dressed to the Chairman of the Publications Committee,
Uni-versity of Texas, Austin.



University of Texas Bulletin
No. 1816: March 15, 1918

THE GEOLOGY OF RUNNELS COUNTY

By
J. W. BEEDE and V. V. WAITE

BUREAU OF ECONOMIC GEOLOGY AND TECHNOLOGY
DIVISION OF ECONOMIC GEOLOGY
J. A. UDDEN, Director of the Bureau and Head of the Division

Published by the University six times a month and entered as
second-class matter at the postoffice at
AUSTIN, TEXAS

QAe5422



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

Sam Houston

Cultivated mind is the gnardian
genius of democracy. . . . It is the
only dictator that freemen acknowl-
edge and the only security that free-
men desire.

Mirabeau B. Lamar
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THE GEOLOGY OF RUNNELS COUNTY

By J. W. Beenz Axp V. V., WAITR

INTRODUCTION

Runnels County 18 «ituated near the center of the State of
Texasg, in what is usually referred to as “West Texns.”” The
rocks of the county belong to the Lower Permian division of the
Palcozoie Group, the Comanchean System of the Mesozoie Group,
and the Tertiary (?) and Pleistocene divisions of the Cenozoie
Group. The geology of this county was done in conncetion with
the making of a section of the Permian rocks along the Colorado
River, The areal work was largely done by Mr. Waile, who
also assisted in making certain parts of the seetion.

GEOGRAPHY AND PIIYSIOGRATHY

The Colorade River flows sonth of east across the southern
third of the county, passing out at the southeast cormer, at the
mouth of the Concho River, The wmain tribuiaries from the
north arve Mustang, Elm, Valley, and Onk evecks, The main
tributaries from the south, above the mouth of the Coneho River,
are Pony, Redbank, and Mule cereeks.

The senthwestern corner of the connty drains into the Concho
tiver, The Litile Coneho rises just southwent of Rowena and
flows southeast. and Willow CUreck flows across the southwest
corner of the county past Miles. 1Wuzzy Creek riges close to Pony
Creek and flows into the Concho.

In general, the buttom lands of the Colorado River are rela-
tively narrow, and steep bluffs oceur at most of the lareer hends.
In the western part of the county the rocks are less resistant and
the bottony ave wider, and steep binffs ave less common. The
river runs on bed rock throueh this county, as do many of the
creeks,

IFrom filty to a hundred feel above the laree stream beds ave
wide terraces usnally with a layer of silt on top and a coarse
conclomerade (“‘concrele’’) heneath it. Where not cleared it is
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usually mesquite land.  The high land back of these ferraces,
which are sometimes a mile wide, is frequently covered with
gravely of still evcater age. North of the Colorado River in the
region west of the main stream of HElm Creek, the lower conglom-
erate covers a very large arca, and in some localities fuimishes
excellent water sufficient for domestie purposes. Its limits are
rather indistinet. 1t may grade into the upper gravels near the
divide between Elm Creek and Valley Creek.

011 the whole, the region north of the Colorado River iy more
rueged and has greater relief than the recion south of . Some
of the roughest parts of the eounty are found in the novthwest
part within the drainage basin of Oak Creck. Church Peak and
another peak just 1o the west of it, vise in the northwest corner
of the county and extend northwestwardly inlo Nolan County.
There peaks have a maximum elevation of 2,450 feet, bul only
2,300 feet within the county. In the northeast part of the
county, Moro and Table mountains reach an elevation of 2,300
fect. These mountains are a parl of the Calluhan Divide which
is formed by the rermmnants of what was oncee a eontinuous layver
of Cretaccons marine deposits over the whole of this rezjon.
Hill states the history of this part of the region as follows:

“Collectively the summits, escarpments, and platcaus thus
composed of the horizontal Edwards litnestone represent a wide
topographic level which onee extended over nearly the entirve
Coastward Slope, from the mountain Iront to the castern edee
of the Grand Prairie and the Baleones Fault scarp line. This
was a plain . . . . and oceupicd nearly a hundred thous-
and square miles of the Texas region.”

IISTORY

In 1890, Professor W. F. Cumming and Dr, Otto Lerch" pub-
lished a brief review of the tier of countics west of Runmncls
County extending south past Tom Green County, with a geelogie
map showing the Permian, Cretaceous, and more veeent forma-

*Physical Geography of the Texag Region. U. 8. Geol. Surv,
Topographic Atlas, Folio No. 3, 1900.

A Geological Sarvev of the Concho Country, State of Texas.
Amer. Geol., V, pp. 321-325, map, 1890,
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tions.  Thig discussion does not cover any of the avea of Run-
nels Connty, but does mention in a general way the rocks found
in the western part of the esunty.

Dr. Lereh goes into more detail in g later paper, and discusses
the geology of the same region, in 1891.% He deseribes the gyp-
suins in the San Angclo scetion, and names a {hick sandstone
and conulomerate the ““San Angelo beds.”” The San Angcelo heds
are the equivalent of the Blowout Mountain sandstone of Wra-
ther™*, named from its oecurrence near the Texas and Pacific
Railway.  Dr. Lereh deseribes the San Angelo scetion and the
conglomerate heds asg {ollows

““Near the top of the Perminn vxposed at Ben Ficklin on the
bank of the Middle Concho River lies a deposit of argillaccous
magnesian limestone of a vellowish eolor, containing a numher of
well pr Cser\'cd {ossils enumerated in the formerly mentioned
article®** swhich leave no doubl that the strata below are of
Permian origin.

““Above this fossiliferous limestone rests a guartz conglomer-
ate about twelve feet thiek. The pebbles ave well water-worn, of
small size ancd hound with a siliccous ivony eement. The conglom-
erate iy stratified, dips toward the northwest, under a steeper
angle, however, than the underlying deposits, and is oceasionally
intersporsed w ith large blocks of orcen and red speekled quart-
zite. The conglomerate is very hard, takes an cxeellent polish
and is of a yellowish red color, Above it lics a series of red and
vellow eolored clays and sandstones abont one hundred feet thiek,
overlaid hy lighter buff and whitish-colored, thin beds of ]oose,
friable sandstone and clays abont fifty {eei thick, followed un-
conformahly Ly the Trinity sands. . . . . I have traced
this conglomerate for nearly twenty miles toward the north and
ils stratigraphie position with the beds above, below the Trinity

“Remarks on the Geology of the Concho Country, Staic of Texas.
Amer. Geol,, VII, pp. 73-77, 1891,

+*Bull. Southwestern Assn. Pet, Geol.,, 1917, p. 98.
¢! (Goniatites baylorensis White. Euomphalus subguadratus M.

Medlicottia copei White. & W,

Orthoceras rushensis McChes, Bellerophon Crassus M. & W.
Nautilug winslowi M. & W, Pleurophorous ———2
Aviculopecten — ? Myualina permiana Swall.
Murchisonia — ? Productug ————7

Fenestella — ?
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sands . . . . and propose for them the name San Augelo
heds,”’

Twenty miles northward {from San Angelo would practically
'onneet this conglomerate with the Tennyson-Cedar Mountain
outerop of the Blowout Mountain sandstone. The deserviption of
the conglomerate and sandstone is api, and the term San Angelo
will replace Blowout MMountain as the name of thig formation.
The mass of this conglomerate seen by Liereh near Ben Ficklin
wag in all probabilily a detached mass which had settled from a
considerably higher altitude. However, the beds which he traced
north were certainly the beds here referred to the Blowout Moun-
1ain sandstone, which were correlated by Mr. Riney, and which
were traced with him to the Taylor County line. The econclomer-
ate phase of the storne disappears in 1the northeast,

Aside from the work of Drake, Hill and Lereh, little detailed
work ou the rocks of Runnels County has heen published. ITill
gives a brief resume of the geology of the region in a genera!
way, with a bibliography of the more imporiant refereneus.®

The names of a number of prominent gcologists are among the
list of those who have studied the geology of the region around
Runnels County. The following names are now at hand, but the
list is probably incomplele: Shumard, Roemer, Stolley, Hill,
Boll, Cumminsg, C. A, White, I. C. White, Dumble, Drake, Cope,
Hyatt, Tarr, Taff, Marcou, D. White, and others.

t 18 impossible 1o review the work of these men in this brief
sketeh of the geology of the county, and such a review is re-
scrved for the deseription of the Permian rocks of the Colorado
River section, as a whole. The part of Drake’s work which deals
with the scology of Runnels County has been frecly used, as have
his houndaries of the Dead Mountain, Grape Creck, Talpa, and
Paintroek beds, in making {he map ; except for a few minor modi-
fications along the river.**

*Hill, R. T., Geography and Geolog}y of the Black and Grand
Prairies, U. 8. Geol. Surv., 21st Ann. Rep., Pt. VI, pp. 99-103;
1901, :

+¥Drake, N, F., Report on the Colorado Coal Field of Texas
Geol. Surv. Tex., 4th Ann. Rep., pp. 357-446; 1893.
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STRATIGRAPHY

The oldest rocks of 1he geologic seetion in Runnels County are
of Permian age and belong to the Wichita stage of Cummins,
which is now regarded as the oldest of the Permian roeks in cen-
tral and nortliern Texas. The oldest beds exposed in the county
are the Bead Mountain Beds of Drake. Resting on these beds, as
one passes up the viver. ave the Grape Creck, Talpa, Paintrock,
Lucders, and Arvoyo formations, which ave tentatively referved
to the Wichita stage.

Above these formaticns come those now referred to the Clear
Fork stage. These consist of the Vale and Choza formations.
Above this comes an undetermined thickness of red shales and
thin, platy streaks of dolomite, provisionally referred to the
Double Mountain stage deseribed by Cumming and Dumble.®

_Upon the Permian rest the Comanchean rocks in castern Run-
nels County and the San Angclo conglomerate in the western
part, which is in turn overlain by the Comanchean rocks,

TIIE PERMIAN
SECTTONS ALONG TIE COLORAD( RIVER

The hest geologie sections of the Permian rocks in Runnels
Jounty are to be found in the blulfs of the Colorado River. The
sections of these Dluffs were measured and fossily colleeted from
the diffirent heds. These seetiony ave usually sufficiently cloge
together for some of the beds of one seetion to extend into the
next seetion. In measuring the seetions an cffort was made to
so corrclate thom that a continucus secetion of all the beds eould
be constructed. In those scetions which are given below, the
strata are numbered from bottom to 1op in the order of strati-
graphic snecession.  The strata dip upstream and the seetions
beein with the lowest beds exposed in the southeast corner of
the eounty and follow in regular order upstream. It will be

*Cummins, W. F.. 2nd Ann. Rep., Geol. Surv. Tex,, pp, 401-402,
1891,
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noted 1hat two scls of numbers are used, in numbering the beds
of the sections, Those on the vight indicate the scrial number
of the beds in the individual seetion., Those on the left give
the number of the bed or beds in the general seetion and cor-
respond with the numbers given in the plate showine {he een-
eral seetion, Thus any bed shown in the gencral seetion can be
located specifieally in the detailed seetion from which it was
taken, and its deseription. found, In the first sccetion only the
general nomyh. rs are used.

The Wichila Stage

Section of Bluff at the Fast Side of Coffey Flat, Brazoria School
T.and Survey No. 226, in southwestern Coleman County

Feet Inches

37 Conccaled. Apparently marls and irresistant
limestones ....... ... .. ..., 15 -
36 Limestone, tending to weather shaly, com-
posed of “Syringopora’™................ 8
35 Shaly material, largely “Syringopora’ colo-

nies which weather down into single
tubes, or clusters of them. One colony
about half exposed measured 15 feet in

diameter. Deltopecten, Tumicrotus..... 3
3% Limestone, strong bed of “Syringopora,”

gray, frequently marked with long iron

streaks ... .. L 1
33 Limestone, nodular...................... 24
32 Limestone, persistent, flesh-gray, weathers

rather smooth, some “Syringopora’ colo-
nies. Rock is composed of erushed worm
tubes ... ... . e e 1+
31 Interval. Limestone four inches thick necar
base, blue, semi-lithographie, weathers
into large “blue biscuits,” persistent, fol-
lowed by marls and large colonies of
“Syringoporas.” Platy limestone near the
. top ... o e e e
30 Limestone, magsive, weathers into rounded
blocks. Composed of small thin shells
and micro fauna. ‘‘Bellerophon,” *“Or-
thoeeras’ . ... .. . . e e 2
20 Marl, buff, platy. ... ...... ... .. . 1

[
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Feet Tnches
28 Iimestone, hard, brittle, fine-grained, bufl
to brown-gray, breaks into angular blocks;
micro fauna and fragments of shells; 3-

inch layer above....... 2
27 Shales, soft, calcareous, buff-gray with soft

limestone . ...... ... .. o 1 8
L Limestonce, masgive, hard, fine-grained,

brownish, micro [fauna, [ragments of

shellg, pelecypods. . e e 2 2
25 Limestone, lower half carrying worms and

worm colonies, upper half shaly; buff on

EXPOSUTE . .ttt it e it et e mee e 1
24 Limestone, hard, massive, blue, fine-

grained ... ... ... e e o1 3
23 Shales and limestone pieces, yellowish... ... 1 3
22 Limestone, rather firm, somewhat platy,

brownish within, rough, weathers dirty

brown-gray .......co.u... . e 0 1t
21 Shale, carrying minutely Ixactured thin,

lithographic lintestone, ....... - 0 8
20 Limestone, soft, shaly above, buf‘f ﬁ1mer

and gray below, grades into shale,..., 2
19 Shale, buff, 6 inches to.................. 1
18 Limestone, solt and other sofi stull, coarse

worm tubes............. ... ..., e 2
17 Shale, blue-gray, with 3 to 4 inches 11”10-

graphic limestone in lower part. Con-

tains “Syringopora’ colonies........... 59
16 Limestone, coarse, soft, buff, granular on

EXPOSUTE ..t v v it e vene e e B | 4
15 Shale, olive, and limestone plates.......... 2
1} Limesione, two ln’yers, soft, earthy, finely ver-

micular, buft.......... e 1 4
13 Shale with thin plates of vermicular lime-

stone . ... . L L, e 1 8
12 Limestone, coarse, red-brown, worni tubes

on top; some masses of worm tubes or

S 2 0 R =10 (10} K 6
11 Shale, conc-in-cone, with a 1hm lune%t(me

plate ... . e 1 8
10 Limestone, two layers, lower one coarse-

grained, composed of c¢rushed worm
tubes; upper one gray, minutely vermic-
ular and foraminiferal, top a mass of
worm tubes.......... ... ... PP 9
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Feet Inches
9 Shales, clayey, buff to olive.............. 7
8 Limestone, three thin layers, lower one
coarse and conglomeratic, the othersg
seamed, semi-lithographic stone, rvipple-
marked on top....... ... ... . ., 9
Limestone, earthy, soit, fine-grained, buff,
solution holes, pelecypods and worm
tubes below, finer-grained with shell frag-
ments and ‘“Bellerophon’” above........ 1 8
6 Shales, brownish to greenish-gray, red at
the top of the lower half, upper half
buff and firm, grading into limestone..., 5
Limestone, earthy, upper 10 inches shaly,
with cone-in-cone; large head of “Syrin-
gopora’ in upper part........ . o, 2
Concealed ............. i iiieninnnnn 32
3 Limestone, thin beds, six or seven layers,
coarsely granular or crystalline on ex-
posed surface, basal Deds butl, porous,
coarse worm tiubes. Next beds rotten,
porous, yellow to gray; upper bed buft-
gray, seams of crystals................ 2 3
2 Concealed ........ ..., 6 9
1 Limestone, four lzlyers, hasal part yellow,
granular, some fragients of fossils; mid-
dle part buff-gray, some worm tubes and
fragments of fossils; top, crushed worm

-3

o

Oy

de

tubes, buff-gray; all rather coarse...... 2 1
Concealed from water in the river to base
of No. 1. i e e 5 0

Bead Mountain Formalion

It seems that number 5 of this seclion was regarded as the
base of Drake’s Bead Mountain beds. However, there are at
lcast two limestones and two shale beds below 1t which might
be included in the section. Beginning with the top of the Jag-
ger Bend beds, which is the sceond formation helow the section
deseribed above, the worm tubes and reefs sel in along the Col-
orado River. Directly over the Jagger Bend limestones at Jag-
eger Bend, is a shale sixteen feet or more in thickness whieh is
probably the Valcra shale bed. On account of crecp, it ap-
pears 1o be but about cight feet 1hick at the W. O, Gann Bluft,
above Leaday. Over this is a limestone which is helow num-
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ber 1 of the section just given. It is followed by ahomt thirty-
five feet or more of shales, and still another limestone. It is
probable that this last limestone is number 3 of our general
section, though this cannot be positively stated, since there are
lithologie differences in the beds at the two places.

It scems probable that the strata of this scetion which are
numbered 5 to 86, inclusive, eonstitute Drake’s Bead Mountain
beds.  They have a thickness of 55 feet 6 inches, whieh is prae-
tically the thickness which he aseribed to the formation.

The rocks from the top of the Jagger Bend beds to the top of
the Bead Mountain beds form a striking palcontological unit
along the Colorado River in southwestern Coleman and south-
eastern Runnels econnties, and probably should be included in a
single formation. Throughout the entire thickness of these rocks,
the dominating fossils are worm remains. Kven the so called
““Svringopora’’ colonics are suspected of being elongated worm
tubes. Not only are worm tubes the characteristic fossils of
the Bead DMountain beds at this loeality, but, save for local
streaks of lumestones and marls coniaining minute gastropods
and peleeypods, they constitute almost the whole fauna., Just
cast of the corner of Runnels County, the uppermost beds of
the Bead Mountain formation, numbers 35 and 36 of the section
are composed of marls filled with ‘‘Syringopora’® which fre-
quently weather out into separate tubes or clusters of them,
and a thin limestione which is practically composed of them.
One clliptical, basin-shaped colony measured fifteen fect in
diamecter. There is an almost total absence of brachiopods from
the beds of the formation, though they are eommon in the rocks
above and below them,

Cedar Bluff Section

Feet Inches
22 Limestone, weathers to marls and nodules,
mostly concealed 5 v
21 Limestone, rather fine-grained, gray on sur-
face, buff within, weathers to angular and

rounded fragments......... i 1 0
20 Marls and marly limestones, break down
L= 1 7 0



14

<
—

<
o

=l

e T

~¥

—
o~ Oy

~—
<«

18

17

16

14

13

10

-1

Universily of Texas Bullelin

Limestones. Marly partings. Break down
into more angular pieces and are firmer
than No, 18, Top of bluff.............

Marls and marly limestones, weather to
nodules, fosgsiliferous, light buff to lemon
Fellow . i e e e e

Limestone, marly, fossiliferous, marly part-
ings, weathers deep buff...............

Limestone, bluish, with buff particles in
it, surface buff to gray, very nodular and
irregularly bedded, fossiliferous, upper-
most of the heavier limestones in this im-
mediate section. .. ........ ... ... ......

Marls and marly limestones, beautiful fos-
SIlS i e e,

Limestone, massive, quite conspicuous,
very large blocks with rounded edges,
fossiliferous ...... ...,

Limestone, rather nodular, buflish-gray on
surface, blue to buff within, fine-grained,
soft shaly streaks, and some burrows at
the top, weathers into one or several lay-
ers; top very fossiliferous in places; “Pin-
na,” Productus, Tuomphalus. ........ ...

Limestone, poorly exposed, carthy, buti-gray

Interval. Containg beds of more or less
earthy limestones, two of which arve 4
and 6 inches thick, respectively; extent to
which thig bed has been thinned Ly slump-
ing unknown. .. ... ...t

Limestone, hard, brittle, stcel-gray, wealhers
buff or gray-brown on top, angular blocks,
iops literully covered with Meekechinus
spines and plates, which are also scatlered
throughout the mass. Meekechinus bed. .

Concealed, a foot and g halfro............

Limestone, four layers, two thin shale part-
ings, buft to blue-gray, {firm to earthy....

Limestone, massive, locally weathering into
two layers, buff-gray, fine-grained, com-
posed of fine pieces of fossils. ..........

Limestone, marly, rather fine-grained, buflish
shade, weathers somewhat ghaly in places;
Pinnas, minute wormn tubes (Foramini-
FC= = 25

Feet Inches

9

6

10
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Feet Inches
171 7 Timestone, six layers, with some marly
partings, lower part fossiliferous, top of
basal layer with very coarse worm tubes.
Gray-buif, rather coarse-grained, with
fragments of small fossils. . ............ 4
M4 Liniestone, massive, dark bluish, with fine
buff grains in it. Small stylolitic aveas on
upper surface. . .......... e 1 4
3% 3 Shales and argillaceous, bluish-black lime-
stones in about ften larvers; Tumicrotus

~1

and Deltopecten. ... ovvv it 44 4]

38 2 IJjmestone (bhasal limesione of Grape Creck
beds?) fline-grained, buff, carthy........ 2= 0

1 Concealed, from river bed to base of Number
2. Barometer............ i, 65 0

The oeeurrence of many large masses of ““Syringopora’” about
15 feet below the hase of number 2 of this seetion iakes it Tairly
certain that this bed is the base of the Grape Creek limestones.
This is about the interval above the {op of the Bead Mountain
formation on the west side of the Coffey tlat previously viven.
This seetion, hoginning with number 2, including helow it about
fifteenn feet of shales or marls, may be regarded as resting on
top ol the previous section and eontinuons with it.

Drushy Blull Seciion

in a noteh in the LInif gome 200 yards east of the conspicuous
ledge high in the bluff. Apparently near the corner of the F. H.
Lochte Survey No. 79 and the Wm. Willlams Tand.

Feet Inches
34  limestone, massive, weathers into large
blocks with rounded edges. Rests upon
a knotty, quite fossiliferous ledge. Top of
main bluff. Ten feet to fifteen feet more
up gradual slope to top of hill. ... . ... 2 4
33 Limestone, mostly. Some of the firmer lay-
ers tend to muake faint terraces on the
BlODE it e e e e et e e 12 0
Concealed. Faint terrace formed hy thin
limestone at the fop. LargelJy marls and
marly limestones, quite fossiliferous; Gas-

tropoda, Spongia, cte. ... ... Lo 5 0

2
L2
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ILimestones, thin and marly, upper thrce feet
a heavy gray limestone. Lower part con-
taining large ‘“Bellerophon,” Turritellas?,
Productus, Derbya, Strophalosia, Alloris-
ma, Bryozoa, etc.......... ... .. ...,

Concealed. ...... ...,

Limestone, gray, more or less nodular, great
“PInnae’ ... i e

Interval. Largely limestone; one a [oot
thick appears just above the middle.....

Limestone, mnodular, compact, blue-gray,
large Pinnae, etc. ... ... .0 virennnnn.n

Concealed. Apparently very fossiliferous
chalky material. .. ............ ... ..u.

Limestone, weathers gray and nodular; up-
per layer thicker than the two lower, un-
dulating surface. Producius. Twenty
inches to. .. v et i it e e

Comecealed .......0iiiineeneiinneaannnn

Limestone, two layers, tough, gray, weathers
into rounded pieces, Euomphalus, Produc-
tus, Pinna, etc. ... ... i iii o

Concealed ........cciiiiivinnnnrnnenn..

Limestones, nodular, lower one a limestone
conglomerate. They weather gray, same
shade within., ‘‘Pinmas,”” one 15 inches
long by 231 inches across at larger end. ..

Interval. Apparently shaly material which
weathers buff. There are also some nodu-
lar, irresistant limestones and a 4-inch
layer of yellow shale at the base, two nod-
ular and two heavy limestones near the
LoD oo e e

Limestone, two layers, fine-grained, blue,
occasional minute worm tube, weathers
into large angular blocks, the top a mass
of Meekechinus remains. Meekechinus bed

Limestone, seven or eight layers, blue to buff,
lower layers form good ledges; upper
ledge thin, nodular, irresistant, one 8-inch
bed shaly and olive-colored.............

Limestone, two beds, some minute worm
tubes, and some large ones, drab with red
particles, small shell fragments, weathers
tograynodules. .. ...... .. i

Feet Inches

5 0

g

2 0

o

2 6
10 0

2

2 0

1 6

2 6

2 0
10:3‘_

2 0

5] 0

3 4
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15

14
13

12
11
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Shale, rubbly limestone in thin beds, some
masses of shell fragments.............
Limestone, drab-gray, fine-grained, massive,
resistant, corners of blocks rounded. ..
Limestone and shaly material............
Concealed, considerable creep. Thickness b
feel OT. . . i i i e i i e
Limestone, blue-gray, nodular, earthy......
Limestone, lower part nodular and irregular,
breaks down easily; upper part more mag-
sive, blue, with brown specks, tough, min-
ute and coarse worm tubes.............
Limestone, blue-gray, fine-grained, some
shaly stuff. .. ... .. i
Limestone, lower part minutely wormy, upper
part with coarse worm tubes...........
Limestone, two layers, weathers to nodules,
shaly partings between them at the base.
Blue, somewhat wormy, lower parting
VVOI‘IH,Y ..............................
Limestone, nearly made up of worm masses,
bluish~ to buffish-gray.................
Concealed ....cviiti it vieieiea
Limestone, bluish-gray with buif specks, firm,
minutely vermicular, top of layer locally
weathers into  “biscuits.” Omphalo-
trochus? ... .. .. i e i e e
Limestone, blue-gray with buff tinge, sparse-
ly minutely vermicular (TFForaminiferal?)
Cephalopod .........ch it
Limestone, bluish with brown particles. Pleu-
rophorus casts. .....ovvv vt i i
Limestone, blue-gray, massive, minutely ver-
micular, tough, weathers to large rounded
blocks ......... e e
Concealed. River to base of section, 20 to

17

Feet Inches

4+

The numbering of the general section is carried forward from
Cedar Bluff section to Dead Man’s Bluff scetion beeause a better
exposure is to be had at the latter place than at Brushy Bluif.

To a certain extent the same beds are exposed at all three sec-

tions, Cedar Bluff and Dead Man’s Bluff show fresh exposures,

while Brushy Blufl is very much older and more disintegrated

with interrupted exposures.
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The rocks at Brushy Bluff appear to dip down the hill. This
is probably caused by the ereep of the shalcs which akes the
Iimestones of the section appear relatively much more important
than they are.

The top of the Bead Mountain beds is probably represented
by number 12 of the section, possibly as low as number 9. The
shales of the actual scetion may have been washed completely
from beneath the outer edges of the limestones, permitting them
to come practically inlo contact in the ravine studied. The top
of 1the Bead Mountain beds passes under the river a little dis-
tance above the place where the river turns cast and flows along
the base of the bluff.

Number 19 of this scetion is equivalent to number 10 of the
Cedar Bluff section.

Dead Man’s Bluff Section

Feet Inches
86 41 Limestones, top of hill, all upper beds alike 1

85 40 Concealed. Shaly slump................ 2 0
87 39 Limestone, two beds, soft, buff, very fossilif-
erous, fossils weathering out............ 4 8

83 38 Concealed, partly. Shales and some soft
limestones, Gastropoda, fragments of large
nautiloid, giant Allorisma, large crinoid
stem segments....... r e eee e e e e 8 0
82 37 Limegtones, several beds, one thin one at
base and thicker onc at top with geveral
thinner ones between. Somewhat crystal-
line, some fossils.......... ... ........ 2 6
8/ 36 Limestone, gray, rather soft, fossiliferous,
upper part finer-grained and containing
sponges. Greal varicty of fossils........ 5
80 35 Concealed, apparenily rotten limestones.... 3
80 34 Limestone, solt, fossiliferous, Omphalo-
trochus., Base of Talpa Beds...........
79 33 Limestone like Numbers 31 and 32. Very

[o1

long Solenomya, €tC. ..o v v 2 6
79 32 Limestone like Number 31, 2 feet 6 inches
with 4 to 6 inches of other material...... 2 6

79 31 Limestone, much more regularly bedded than
those below, Tfossiliferous, fossils break-
ing out well, 20 inches to.............. 2 0
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69

68

67

30

29

27

23

22

20

19

18

17

16
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Limestone, frequently crystalline above and
below, like Number 29, .............. ..
Limestone, very irregularly bedded, very
coarse-grained and very fossiliferous. Top
and base very irregular with 6- to 8-inch
depressions of about the same diameter. .
Limestone, massive, many Ilarge fossils,
coarse-grained, blue-gray, very irregular
on top, contains shale streak 14-inch to 4
inches thick.............. ... P

Limestone, massgive, irregularly hedded, hlne-
gray, coarse-grained, fossiliferous, weath-
ers buff to gray........cci ittt

Concealed ........ vt ieennnencnnnnns

Limestone, beds like Number 24, but more
regular and less crystalline at this place. .

Limestone, varying number of beds, com-
posed of limestone fragments in marl and
shale (Conglomerate), all very nodular and
fossiliferous; burrows in the matrix.....

Limestone, thin, and limestone conglomer-
ate, micro fauna, one layer weathers buil. .

Limestone, buff-gray, upper part locally a
Productusg conglomerate, top stylolitic in
BT ¥ 2 X =

Limestone conglomerate and thin beds in
shale matrixX., .. .o v i e i i s v iin i nn

Limestone, blue-gray, fossiliferous Ilayer,
large Allorisma, sea urchin plates, shell
fragments, worm tubes, etc.; coarse-
grained ... ...ttt ittt e e

Limestone, coarse, blue-gray, very irregu-
larly bedded and ‘“chippy,” more or less
shaly (shalc 4 inches thick in places) shale
at top. Fossiliferous, specimens breaking
out well. ... ... .. i e e,

Limestone, magsive bed, sometimes has thin
marl streaks near the top, blue-gray, fine-
grained, great blocks with rounded edges,
fossiliferous. ‘““Six-foot bed”...........

Limestone, very fossiliferoud, thin coarse
beds, except near the top where one more
MAassive gCCUTS. v v vt v e i vt tv e e e s

Limestone in four layers, more or lessg ir-
regularly hedded with some shale streaks.
Base a mat of well preserved Bryozoa....

19

Feet Inches

3

10
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Feet Inches

66 15 Limestone, two or three beds, suture bedded,

these sutures 6 inches or more deep. An

occagional stylolite is seen, but these have

no relation to the “suture bedding”...... 4 0
65 14 Conglomerate. A mass of shale, marl, large

fossils, burrows and large limestone lumps.

Bryozoa, “Pinna,” etec................. 2 0
64 13 Limestone, two irregular beds, shale part-

ings, the upper hed the thicker, which

locally weathers into two beds. ......... 2 0
63 12 Shale, bituminous below, marly above, full

of burrows, Productus, Pinna, and a few

other fossils. ..o ivn i iin it i e v, 1 0
62 11 Limestone, very irregular, one to three beds,

usually two with a very thin shale be-

tween; top and middle beds sutured and

base very undulating. Gastropoda, “Pin-

na” and Bryozoa............c.. ..., 3 4
61 10 Limestone, extremely irregular, undulatory

surface above and below. ‘“Bellerophon,”

Euomphalus, ete...................... 1 6

60 9 Limestone, earthy, weathers gray, sponges
and other fossils; 2 to 4 inches of gray

shale with minute fossils. .............. 9
60 8 Marl, gray, limestone streaks and knots.... 6
59 7 Limestone, coarse, gray, fossiliferous, many

Bryozoa on tOP. .. ...t iiie e .01 6

58 6 Shale, blue-black, bituminous, fossiliferous;
rests on three to four incheg of limestone
in the water where river turns south to
flow along the bluff; Myalina, Strophalosia,

Allorisma, Bryozoa, €tc......ocvveen.. 1 8
a7 5 Limestone, blue-gray, coarse, fossiliferous,

clay streaks. .. oo v i ii i e e 8
57 4 Limestone, blue-gra]y, coarse-grained, fossil-

iferous, resistant, undulating surface.... 7
56 3 Limestone, blue-gray, hard, fossiliferous, un-

dulating ........... e 2 6
55 2 Limestone, two layers, thin shaly partings

below and above, very fossiliferous...... 1 3

54 1 Limestone, blue-gray with buff tinge, fine-
grained, ‘“‘Pinna,” Productus, Euomphalus,
Cephalopod, ete. ... ..o i iii i 2 0

Numbers 1 and 2 of this section are usually under water. The
base of the section is about 25 feet above the Meekechinus layer
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of Brushy and Cedar Bluff sections. The shale over the Meeke-
chinus layer would occupy some 10 {ect of this space, leaving
about 15 feet of the limestones of those scelions to eonnect with
the base of this one. The gix foot hed (number 18) of this sce-
tion. would come in at about the top of the Cedar Bluff section,
possibly numbers 20 or 22, This hed would correspond nearly
with numbers 33 or 34 of the Brushy Bluff section; or, near its
top. Number 33 of this scetion, number 79 of the general sec-
tion, is the top of the Grape Creck beds. In the first seetion de-
seribed, there is an interval, number 37, of about fifteen feet,
probably composed of marls and irresistant limestones. This
may be bed number 12 described by Drake, but it is uncertain,
and can only be determined by tracing the horizon occupied

by that bed farther north down to the river. This has not heen
done,

Grape Creck Formation

The Grape Creek formation as shown in the accompanying
sections 1s 130 feet thick. Drake assigned a thickness of 100 to
150 feet or more to it. These beds are distinguished from the
Bead Mountain beds by the paucity of worm and ¢ Syringopora”
remains, the introduction of mollusea and molluscoidea, and
most noticeably by the naturc of the bedding of the rocks. The
Grape Creek formation as scen along the fresh river exposures
is remarkable for the peculiar stratification of the limestone
beds. They are largely composed of boulders or large and small
pieces of limestone up to two feet or more in diameter. In faet,
they vary from the usually even-bedded limestones to conglom-
crates of Iimestones in a shale matrix. Usually the matrix is a
rathcr firm marl or even rather firm marly limestone. These
marls are coarse, with curved, almost laminated beddings, and
conlain burrows of various sorts and large ‘‘Aviculopinnas,”
etc. The limestone masses are much finer-grained, very firm,
and relatively quite impervious. Both are bituminous. The {os-
gils in the marls are little compressed or distorted, and on the
whole differ from those in the limestone masses. There is little
evidenee of erushing or movement of any kind in the beds. The
tops as well as the bottoms of these layers are usually quite un-
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even, the depressions and elevations of the surface correspond-
ing to the limestone masses and marl fillings. If the shale or
marl partings are very thin, not infrequently the bottom of the
overlying bed fits into the irregularities of the top of the one
below. This has been referred to in the deseription of the heds
in the sections, as ‘‘suture bedding.’” TUsnally the marl beds
between the layers reduce these irregulariiies. In only one or
two cascs was any evidence of movement noted, and that was an
oceasional tiny stylolite which was utterly inadequate to account
for the conditions found in the beds containing them. As a
result of this peculiar composition of the beds, their thickness
varies from place to place, and they appear quite rough on their
weathercd faces.
The following section largely duplicates the one above:

Section about one mile west of Dead Man’s Bluff, on south side
of the river

Feet Inches

92 23 Limestone and marls, blue, in places weath-
ers shaly, highest layer well exposed;

Gastropoda, Productus, Cephalopoda..... 1 0
92 22 Shale and marls, sparingly fossiliferous;

Omphalotrochus, Productus............ 2 0
92 21 Limestone, not very resistant. .. .......... 1 8

91 20 Limestone and marls, less resistant than that

below, a considerable part of it concealed.

Many Omphalotrochus................. 7 0
90 19 Limestone, massive, fossiliferous, weathers

blotched Duft and gray (thesc more prom-

inent beds weather into blocks with well

rounded edges and corners)............ 1 10
89 18 Interval. Apparently containing marls and

shaly limestones with a foot of limestone

near the top. .. .. ..o i ittt 5 0
88 17 Limestone, two layers, upper one thicker and

more prominent, locally the lower is as

thick as the upper one, in such places

they both reach a thickness of 38 feet. The

lower weathers more rapidly.......... 1 10
87 16 Interval. Contains at least one or two

limestone layers, the remainder is less re-

gigtant material. .. ... viii i i i i 15 0
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Limestone, two layers, massive, steel-gray,
resistant, and rather firm., The upper one
of finer-grain than the lower............

Limestone, gray, rather soft, weathers chippy,
buff-gray, coarse; shale at top, fossilif-
EIOUS v s e e emeecaneannssaaasssasennan

Interval. Apparently marly, fossiliferous
limestone with Produetusg, Euomphalus,
Omphalotrochus, Bryozoa, burrows, ete. .

Limestone, hard, steel-gray, more resistant
than one below. Two beds.............

Limestone, shaly, fossiliferous, Productus,
KEuomphalus .......0 i,

Concealed. Apparently hard, fossiliferous
marls, ete. ... .o e e
Limestone, four layers, thickness of whole
variable like Number 8, but uppermost
is regular and smooth on top...........
Limestone, coarse, buff-gray, somewhat crys-
talline, top weathers very coarsely cellu-
lar; extremely variable in thickness, due
to undulatory upper and lower surfaces. .
Limestone, two very irregular beds, probably
conglomerate of limestone boulders;
somewhat fossiliferous.................
Limestone, two layers of nearly equal thick-
ness, separated by an inch or two of coarse,
irresistant limestone. These beds are of
about the same color as the others of the
section, but weather g little redder......
Limestone, blue-gra]y, fine-grained, hard,
with two or three inches of coarse gray
material full of Productus..............
Concealed. Weathered back.............
Limestone, hard, blue-gray, very irregularly
bedded, undulatory surface, fossiliferous,
minute fauna. .. .... .. cie i i i
Limestone, massive, blue, mottled with drab,
hard, rather crystalline and coarse; sea
urchin fragments, otherwise fossiliferous;
choppy surface. .. v i v i vinei e i i
Concealed, river bed to base of Number 2. ..

1o

T

Feet Inches

4 2
EES

3+

2 6
4 0
8 0
(==

2 6
3 0
3 0
1 6
1 0
1 6
3 0
T+

Not more than ten or fifteen feet of rocks come out of the
river in going from this section downstream to Dead Man’s



24

University of Texas Bullelin

Bluft, so that the sections are duplicates of each other in a large

part of the exposures.

Much of this section is an older and

more weathered cliff than the one at Dead Man’s Bluff, which
is comparatively fresh.

Section two and one-fourth miles west of Dead Man’s Bluff

12

11

R UV 4

Limestone, top of cliff (Number 10 of next
section) ..... .. i i e e
Limestone in three beds, upper bed 11
inches thick..................

Limestone ............c... e e
Limestone, thin, about seven layers, with

marly partings. ..ottt a i e e
Limestone ........cut it ennenennn
Concealed

Limestone and covered slope, probably one
heavy ledge about 5 feet above the base,
13 inches thick. ......................

Limestones and shale partings. ..

Limestone, two layers...................

Concealed ......iiviiin ittt

Limestone, two layers, shale parting.......

Limestone, hard, blue, in ravine bed, sev-
eral feet above very low water level in river

Feet Inches

1 8
2 10
1 2
5 0

6
1 8
9 0
1 6
1 6
1 5
2 6
2 10

The top of this section is about nine feet below number 12 of
the following section. Numbers 1 and 2 of this
below base of the following section.

seetion are

Section about two and one-half miles west of Dead Man’s Bluff

17

16

15
14

13

99 12

Concealed to top of hill, covered with water-
worn chert. ........ . .t iinrnnons
Limestone, light, more or less finely crystal-
line. Minute wormns or Foraminifera. ...
Concealed .........o ..
Limestone, thin, drab-gray, in places nearly
composed of Ostracoda. ., ..............
Marls and rotten limestone, fossiliferous, not
well exposed. . ..o vttt it
Limestone, much like those below, many
large molluscs; forms prominent terrace,
top of rather high cliff along south gide
of the river; most conspicuous cliff-maker
in this bend of river........... PP

Feet Inches

10 0
Ly

15 0

6

20 0

1 3
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Feet Inches
99 11 Limestones, thin-bedded, fine- to coarse-
grained, blue-gray, much like the one below
them, fossiliferous; beds weather into
rounded edged blocks and ledges, rather

even-bedded ...vivi i i i 10 0
99 10 Limestone, rather massive layer, irregular
base, dark-gray, fossiliferous........... 1 6

99 9 Limestone, light-gray, fossiliferous, irregu-

larly bedded, earthy, in six to eight lay-

ers, which come in and pinch out........ 4 0
98 8 Concealed ........... et e 1 0
97 7 Limestone, hard, blue, upper part almost

composed of small fossils which do not

COME OUbeu i e ciniarrnnsnonsnsnsnas 9
97 6 Limestones and marls, rotten, fossiliferous.. 1 4
97 5 Limestone, blue-gray, massive, fairly reg-

ularly textured...... ... 1 3
96 4 Interval, with rather even-bedded limestone

NEAT CONTET. . v v v s v e vve e unn o e s s nnan 9 0

3 Limestone, much like Number 1, but finer-

grained, rather evenly-bedded, minute

tubular organisms. .. .. .. ... 1 3
2 Interval. Shaly limestone at bottom....... 1 3
1 Limestone, blue-gra1y, hard, rather coarse,

weathers chippy in ravines. Bryozoa, Pin-

nas, etec. Distance to river bed about 15

feet

The Composita horizon is in number 13, fifteen feet above
number 12, Some speeimens were seen on number 12 and a fow
on the escarpment 35 feet above it.

Traced up the river number 12 of this section is seen in the
limestone at the base of Little Bluff, The Composita horizon
occurs 15 fect above it at the latter locality., Spceimens can be
found in most of the horizons from here up for a great distance,
but not in the profusion in which they occupy this thin bed.

Section of Little Bluff,

¥Feet Inches

1083 12 Limestone with silicified fossils............ 10 0
108 11 Limestone, rotten, and marls; very fossilif-

BTOUS & v v v v me e e vt e tmmeesnonnennnanas 10 0
108 10 Limestones, rotten, and marls; very fossilif-

EIOUS 4 v v v v e tnnena e s aannnestonensan 8 0



26 University of Texas Bulletin

Feet Inches
708 9 Limestone in five layers, some of them rot-
ten, upper layer about a foot thick, next

layer below rotten and full of fossils..... 4 0
102 8 Concealed ........ccouiirennennanenns 20 0
101 7 Limestone, fArm.......couvee v viununen.n 2 6
101 6 Shale, or marl, gray-blue, weathers yellow,
Composita zone. ............v i enenn 2 0
101 5 Limestone, double bedded, shaly limestone
between .......co i i 2 6
100 4 Concealed, 12 to 15 feet................. 12 0
3 Limestone, hard, blue-gray, stained with
£ 4 £ 1 1
2 Limestone, blue, hard, fossiliferous, fine-
grained ..... et e et et e 3 10
1 Comcealed .......viiiirniiiinnnenennnnn ki 0

The upper 20 feet of this section is very fossiliferous with
many Meekellae, Producti, Nautiloidea, Pelecypoda, and Gas-
tropoda.

The following section of Big Bluff, joining Little Bluff on the
west, goes somewhat higher, but is an older and more poorly
exposed section. The whole section is given herc to get the
higher beds shown there,

Hasty Section of Big Bluff

Feet Inches

104 14 Limestone, heavy, nodular-bedded, with rusty
streaks, forms top of bluff. .. ........... 2 0
104 13 Concealed, shales and limestones, about four
beds forming terraces at the ond of the
bluff, The top of the previous section
is about 14 feet above the base of these
beds v i e e i e et e e 30 0
12 Limestone, apparently in place, but prob-
ably somewhat slumped, three or four or
more bedsinledge. .. ...........c..... 4 0
11 Concealed, about 14 feet................. 14 0
10 Limestone in three beds, top and botiom ones
heavy, middle one irregular with consid-

erable marl on top of it...... e e 3 6
9 Covered ... .. ittt i e s 3 9
8 Limestone, massive, even-bedded.......... 1 11
7 Concealed . ... ittt ierieeirenan 11 0
6 Limestone, firm, apparentljy about in place.. 6
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Feet Inches
5 Concealed. Apparently marls............. 10 0
4 Limestone, extremely irregularly bedded,
very lossiliferous, top and base practically

MATIS ottt it e e e 3 8
3 Concealed. Apparently marls and nodular

limestones ........c. . i, 9 3
2 Limestone in nine or ten beds............ 13 0

1 Limestone in four beds, solid, top forming
duite a bare terrace at the foot of the
bluff, base forming the river bed........ 7 6

The top of number 2 of this scetion is the same as the top of
number 3 of the preeeding section. Fifteen feet over it the
Composita horizon comes in. The lower part of number 13 is
probably cquivalent to some part of mumbers 11 to 12 of the
Little Bluff section.

Section of Herrings Bluff on north side of the Colorado River
below the mouth of Mustang Creek

Feet Inches

127 41 Limestone, two layers, upper one 2 feet

thick, lower one 1 foot, marly parting,

dark gray within, formsg top of cliff. Few

feet of weathered stuff farther back in the

hill i e e e e e e 3 6
127 40 Limestone, soft, and shales............... 3 0
127 39 Limestones with marl partings, the two upper

beds even, the lowest one very irregular;

all firm, fossiliferous, 4 to 6 feet thick...
127 38 Limestone, one to three thick beds, com-

posed like Number 27, but most of the

marls are hard, though less resistant than

the limestone. .. ....ooin it iven i, 5 0
127 37 Marlg, yellowish, with large boulders of

lilllesfone, in some places mostly marl and

in others mostly limestone, fossiliferous.. 2 0
726  36b Limestone, 5 feet, in four beds, separaied

by shales which weather buff, and which

are very calcareous and firm. The sec-

ond bed of limestone is 2 leet thick. The

third is very irregular in thickness, vary-

ing from 5 inches to 1 foot. The upper

laver is soft, very fosgiliferous, weathers

into small buff pieces................. 5 0

(4]
<
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Feet Inches
125 36a Limestone beds, poorly shown, 1 foot with
silicified fossils; some other marls and

limestones ............. e e 4 0
124 35 Shales and nodular limestones, limestones

near the base. ....... oo iviieen., 13 0
124 34 Limestone, finer than Number 33, very dark

blue or blue-black, fossiliferous..... . 1 2

124 33 Shale, buffish and caleareous, containing nod—
ular limestone, especially in the upper

half, fossiliferous........... ... v .. 10 0
124 32 Limestone, soft, weathers into rounded
' nodules, quite fossiliferous............. 1}
123 31 Interval, largely yellowish shale and nodular
limestone .......... .00ttt 5 0

122 30 Limestone in three layers, perhaps some
shale partings, weathers into gray, round-
ed blocks of considerable dimensions, The
main (second) layer is nearly 15 inches
thick, all fossiliferous, large Gastropoda,
Pelecypoda, Productus, etc

7121 29 Shales, yellowish, 4 feet to............... 5 0

120 28 Limestone in two layers, soft, gray to buff, 1
or 2 inches, gray to dark shale with micro
fauna ... ... i i e 10

120 27 Limestone, minutely vermicular, hard,
brownish on top, blue with white dots
within

120 26 Shale ........... .ttt i 6

120 26 Limestone in three layers, lowest is gray
limestone with fossils, Gastropoda, break
out well; two upper layers blue, lower
one with micro fauna, Foraminifera

179 24 Concealed ..iiv.ieiiiiinacatnieiiaiisaeaan 10 0

118 23 Limestone, blue, fine-grained, fossiliferous,
weathers into small rounded blocks, 9

inches to........ .. i it 1 0
718 22 Limestone, soft, blue, weathers into small

gray rounded stones................. . 8
117 21 Shale, yellowish, some Bryozoa, ete........ 4 0

716 20 Limestone, hard, even, 6-inch layer, steel-

gray, somewhat {ossiliferous, forms top

of falls in little ravine. Numbers 15 to 20

form the section at the falls in ravine cut-

ting the bluff. .. ..... .. it 6
116 19 Shale . ... it e it e e 4
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T.imestone conglomerate like Number 17
with little calcareous, hard shale; upper
part morve shaly than the bage; gray cal-
carcous material with Ostracoda and other
minute organisms ... .. ... . . ii i

Limestone conglomerate in shale matrix,
much of it shale............. .. .. .. ...
T.imestone, two layers with an inch or so of
shale between them, gray, fossiliferous. ..
Limestone, blue-gray, knotity, very Iirregu-
lar upper and lower surfaces; some of it
scems to be made up of masses or pieces
of imbedded limestone, a coarse conglomer-
ate with Productus and an occasional
SDOTIEE v v vt e et e e it s e e
At the place where this section was taken
(where the river fiows against the north
end of the bluff) this space is concealed.
A ravine farther south shows the follow-
ing section: Shales, buffish, and nodular
limestone, a fossil conglomerate, breaks
into small blocks and individual fossgils.
Productus, Myalina, Strophalosia, Derbya,
Limestones, four thin layers, fine fossils and
ground-up fossils, thin shale parting.....
Shales, blue to olive or yellow, fossiliferous,
with oceasional masses of fogsiliferous
nodular limestone.....................
Limestone, hard, gray, forming g little fall. .
Limestone, platy, and shale at the base.....
Concealed, about, ... ... v i,
Limestone, hard, blue, like Number 12, but
coarser and more crystalline. ...........
Limestone, hard, blue, very irregular on top
and bottom, chippy in this exposure.....
Limestone, thin-bedded, bituminous, shaly
parfings, new Gastropoda, Pelecypoda, ete.
Limestone, three layers, bituminous, large
Euomphalus ..........coiiiineinan.
Limestone flags, shale partings, sponges in
lower shale, which is 4 to 5 inches thick. .
Limestone, hard, large joint blocks, blue-
gray, large fossilg, in places shaly on top..
Limestone in three or more beds, all alike,
6-inch shale partings......... ...

29

Feet Inches

4 6
1 8
10
1 8
b
2 2
1 3
6
1 0
8 0
1 0
1 8
2 0
1 0
1 6
8
2 8
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Feet Inches
112 6 Shale ..... ..ttt e i e 1 0
112 5 Limestons, buif, weathers shaly, fossiliferous,
very large Myalinas, sponges, Cephalopod-

like fossils, etc..... e e 8
111 4 Shale, bluish to buff, 5 feetto............. 8 0
110 3 Limestone in two layers, dark brown, very

fossiliferous, great Myalinas. ........... 1 3
110 2 Limestone, two layers like above, but filled

with many species of Gastropoda........ 8
110 1 Concealed toriver bed.........ovovvuv.., 10 4-

Number 2 of this section is the Gastropod hovizon in the hills
and bluff two or three miles farther south.

The top of this section is approximately the top of the Talpa
beds.

Section of the low bluff extending east from Buffalo Bluff

Feet Inches

10 Limestone .....c. it iiiir it e 1 0
9 Limestone, one layer, top foot sometimes
weathers into a separate layer.......... 3 3
8 Marls and marly limestones, burrows and
few fossils. ..o v i 2 0
7 Limestone, massive, blue-black. ........... 1 3
6 Marls, platy, 4 inchesto.................. 1 0
5 Limestone, hard, 1 foot to 16 inches....... 1 3
4 Limestone in two beds with irregular surfaces 2 1}
3 Limestones, rubbly and conglomeratic, some
shaly partings, all beds wavy........... 8 0
2 Concealed down to heavy ledge, 25 or 30 feet 25 0
1 Concealed to river bed below............. 15 0

Talpa Formalion

The top of thig seetion is the top of the Talpa beds. They ex-
tend from the base of number 80 to bed 127 of the general seec-
tion, and have a thickness of 400 feet. This formation is especi-
ally characterized by the larger amount of shales in the section
and some thicker beds of limestone than ave found in the Grape
Creck beds; and the bedding of the limestone is quite as’irreg-
ular, The fossils become much more abundant and varied in the
Talpa beds which furnish a very rich molluscan and molluseoid
fauna with a wealth of sponges and minute organisms.
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It is especially characterized by large species of Omphalotro-
chus, Allorisma, and Myaliua shells. Probably fifty speeies of
gastropods have been collected from the formation.

Section connecting Big Bluff with Ierring Bluff

The conneetion hetween the two bluffs is determined by follow-
ing the beds across country from Big Bluff to Bronson Thicket,
where the gastropod limestone, number 2 of the Herring Bluff
section, 110 of the general section, is scen with a foot of sand-
stone a little distanee below it. DPatching the exposures to-
gether, the section is as follows:

Feet Inches
710 20 Limestone, Number 2 of Herring’s Bluff sec-
tion, filled with gastropods and other mol-

luses ........ ettt s i 1 0
109 19 Shale, bluish........... .. .. . o .. 6 -
109 18 Sandstone and sandy shale, weathering yel-

Jowish buff.......... .o, 1 0
109 17 Limestone, buff, shaly................... 2 6
109 168 BhAle vuviteitt e e 2 0

768 15 Limestone, five layers, lower one thick and
magsive, upper four thinner with marly
partings about equalling the thickness of

the beds. Top one ig in large thin slabs.. 6 0
108 14 TLimestone, massive, nodular, with marly

streaks ..o i s e 1 6
707 13 Shale, with thin rotten limestone.......... 2 6
107 12 Limestone ..... ittt iiiiii i 2 0
107 11 Shale, blue, clayey, Bryozoa, etc.......... 1 4
107 9 Shale, 1 foot and probably more......... 1 0
107 8 Limecstone, evenly bedded, two layers...... 1 6
107 7 Shale, blue, rotten, fossiliferous limestone

in the middle
107 6 Limestone, rotten, fossiliferous........... 6

[\
no

107 5 Shale, literally filled with fragments and

whole speeimens of Productus of the semi-

reticulatus type, but very small sgpecies.. 1 0
107 4 Limestoncs, twe layers, evenly hedded, the

lower one giving way to shale.......... 1 6
107 3 Shale ... it e e e e e 8

107 2 Limestone, blue, bituminous, and small in-
terval .. i e e 10
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Feet Inches
107 1 Limestone, two double beds with 8 or 10
inches of shale in the middle., Mouth of

Skunk Hollow in the river............. 4

Lo

Below these beds there appears to be:

106 2 Shale with limegtone cap................ 5
105 1 Concealed ..........c.. i 14 0

This lower part of the scetion is shown above Big Bluff.

Buffalo Bluif Section

Feet Inches

19 Limestone and marl, Limestone even-bedded,

weathers in great slabs much like the one

below, quite bituminous, 4 to 8 inches of

marl above il; forms top of the cliff...... 1 8
18 Limestone in two beds, thin marl parting,

drab-gray, lower one with uneven base,

contains many sponges; upper layer forms

great slabs. . ... e e e 3 0
17 Limestone, crystalline, cellular, yellow, and

some rather fossiliferous buff shales..... 1 3
16 Limestone much like Number 11. Cephalo-

pods show on smooth joint face......... 2 1}
15 Shales, yellow, marIJy, laminated, some fos-

sils, 1foot to. ..o v v i it i it e 1 3
14 Limestone like Number 13, but lighter-col-

ored, and COAYSCL. ..... .0t vientran 10
13 Limestone, even-bedded, blue, earthy, 4 in.

shales above it........... .. .o 1 9
12 Marls, platy and marly limestones, partly

COVETEA . ittt it e e, 12

11 Limestone, hard, even-bedded, brittle, mas-

sive, made up of minute worm tubes or

Foraminifera ........cccieiiii, 1 6
10 Shale, 6 inches to 1 foot 4 inches.......... 1 0
9 Limestone, gray, upper third containing

many sponges, large and small. Bed 18

inches to 2 feet thick. .. ............... 2 0
8 $Shale, drab, calcareous, resting on 1 foot of

limestone of the same shade; bituminous,

all partially concealed................. i 0
7 Limestone, laminated, weathers shaly in old

exposures, drab, grades into shale above.. 2 6
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Feet Inches
6 Limestones, two thin, and two thicker marl
beds which are laminated, blue, bitumi-

nous. Ostracoda...................... 2 0
5 Limestones, nodular, and blue shales and

marls, Ostracoda..................... 2 0
4 TI.imestone, blue-drab, marly below........ 10
3 Limestone, blue, nodular and blue marls... 1 C

2 Limestone, laminated, gray, almost shaly, on
weathered surface. Hard and blue when

fresh ... n e e 5 6

128 1 Concealed. Base of Paintrock beds........ 10 0

Number 1 of this section is the dividing line between the Talpa
and Paintrock beds, and rests upon number 10 of the preceding
scetion, which forms the base of the bluff.

Section of Colorado River Ford, west of the mouth of Mustang
Creek. (V. V. Waite)

Feet Inches
10 Dlimestones, suture-bedded............... 6 0

9 Ldimestone, thin-bedded, shale partings,
partly covered, allowing three feet for

slumping ....... . . e 204
8 Limestone, silicified fossils, irregular bedding-

Planes . e e e e e 24
Shale, black, 3 inches to.................
Limestone, blue-gray, irregularly bedded.. .
Shale, black to dark gray, with bed of nodu-
lar limestone at the top................
Timestone, very fine-grained. .............
Shale, black, bituminous.................
Limestone, dark blue-gray, fine-grained. ...

Limestone, dark blue, at water level....... -

(=]
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Scetion from the Mustang ford to the mouth of Spur Creek,
beginning at top of Waite's Section

Feet Inches

747 52 Limestone about like Number 50.......... 1+
147 51 Concealed, nodular limestone near the mid-
dle. About........... . i, 8 0

747 50 Limestone, buff, coarse, irregular, gray,
weathers to large and small rounded
blocks. Made up of {ragments of lossils.. 1 0
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Feet Inches
147 49 Interval, apparently marls, one strcak of

soft limestone............. ... ... ... ] 0
747 48 Limestone, coarse, gray, pocket of tecth

and other fossils......... ... . ... ..... 1 0
147 47 Shaly, marly. ... ...t it 1 0

147 46 Limestone, weathers to rvounded Wlocks,
coarse-grained, tlexture very irregular,
composed of ground fossils; contains
Cephalopoda and other molluscs........ 1 0
147 45 Marl, About............ ... i, 1 6
146 44 Limestone, five thin beds, weathers crumbly,
two beds of marl near base and one below
top bed, fossils. ..o it e
746 43 Limestone, mniassive, coarse, weathers into
large blocks and bhoulders with rounded
edges, fossiliferous. ......... .. ....... 1
145 42 Interval. One limestone near the top and
one near the middle. Upper part ap-
parently a shale or marl, weathers to an
olive shade......... ... ... ... 8 0
144 41 Limestone, coarse-grained, largely made up
of fragments of fossils which occur in
masses through the bed. . ... ... .. ..., j
147 40 Shaleand marl............... ... ... ... 1 3
14y 39 Limeslone, coarse, rather massive, com-
posed of minute organisms, coarsc algal (?)

534
<

co

144 38 ILimestones, thin-bedded, close-textured, flag-
gy, four or five beds, weather to dark orv

light buff, or even gray................ 1 6
144 37 Shale or marl. Six inches to............. 1 0
144 36 Limeslones, thin-bedded, two or threc beds,

gray, upper bed containg many Pelecypoda 1 6
144 35 Concealed, mostly, some earthy limestones

and marls. .. ... i e e e 2 6

144 34 Limestone in two Iayers, pale blue, upper
part very nodular and very fossiliferous.

Myalina, pelecypods, .. ... ... e 1 3
143 33 Shale, blue, calcareous. ... ............... 6
143 32 Limestone, blue, earthy.................. 6
148 31 Shale . ... .. e e e 2 6
143 30 Limestone, earihy, blue-gray, texture irreg-

ular, fossils, algae (?)................ 1 0
143 29 Marl, blue-gray, shaly, about............. 1 3

742 28 Limestone, brecciated, fossiliferous........ 6
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Limestone breccia, weathers yellow to gray,
or even blue. l.ocation approximate, due
to sTUMIPINE . .ottt i e e e

Concealed ....... ... . it

Limestone, massive, weathers into large
slabs, light Dblue, MDerhya, Productus,
sponge, ete.. . . e e

Interval. Apparently shales and marls with
some blue shale. ... ... ... ...,

Limestone, blue, knotty, fossiliferous. Top
of Tower gection......... ... ... ......

T.imestone, heavy, in rather thick beds with
thicker and thinner marl partings. The
top hed is in very large blocks with
rounded edges, more conspicuous than the
rest; beds blue - gray, fogsiliferous;
sponges, Cephalopoda, ete..............

Marls and thin limestones. .. .............

Limestone. Many gilicified fossils. ........

Limestone, mnodular, marly, Cephalopoda,
Ruomphalus ....... ... ... . ... . ...

Mavrls, weather yellowish. . ...............
Limestone, fossiliferous. .................
Interval, apparently rather firm marls with

at least three beds of limestone.........

Limestones, four or five beds, all weather
platy, marly partings, some Tflossils. Pha-
COCEBIAS & vttt ittt te et e e te e e e e e ns

Interval, contains a layer of limostone, dark
blue and cellular. .. ..... ... .. ... .....

Limestone, upper part very shaly, slumped
out of position, lower part concealed. .. ..

Limestone, upper 20 inches weatherg into
large rounded blocks, metiallic ring. At
falls it weathers platy; molluscs. . ......

Marls with at least one layer of soft, nodular
limestone, a little above the middle. .. ...

Limestone in two layers, wmarl above and
below containing limestone nodules and
some fossils, Slumped slightly out of po-
sition ... ... e

Concealed .. ... . ittt i
Limestone, weathers nodular, somewhat fos-
siliferous. Some marl.................

Limestone, three beds, fine- to coarse-
grained, fossiliferous, bluish-drab, fairly

Feet Inches

12

1

-+

+
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Feet Inches
evenly bedded, marl partings. TUpper marl

18 inches thick locally, quite fossiliferous 3 0
6 Concealed, probably marls. ............... 3 0
5 Limestone in three thin la‘yers, marl part-

ings. Lower limestone weathers into nod-

ules, upper more platy, all fossiliferous,

drab-mottled with vellowish streaks...... 3 0
4 Marls, weather yellowish brown, 8§ inches to 1 0
3 Limestone, about like Number 1, Strophalo-

gia, Ostracoda. .. ... ... v, 9
2 Marl, few Ostracoda. .... ...t innn. 6

1 Limestone, six beds, very irregularly bedded,
some marl partings, dark blue, weathers
buff, sponges, small worms............. 5 0

This scetion is taken from well-weathered exposures. The
top part was from somewhat fresher ones.

The limestones (number 22) at the top of the first hill are the
same beds that form the top of the Buffalo Bluff section.

Paintrock Formation

The Paintrock formation as here considered heging with num-
ber 128 of the general scetion. The upper limit is rather hard
to deiermine before the fauna of the whole section is workcd
out, since the lithologie changes ave not sharp at any peint in
the section, thoueh the change is rather rapid at some horizons.
It is here drawn at the top of number 777 of the gencral section.
This leaves a thickness of 81 feet for the formation. Drake’s
statement of the thickness of the formation was 150 fect. He
began the section of the Paintrock beds mueh lower than the
beds here nsed, judging from his map showing the lower limit
of the beds along PPony Creek, The rocks of this formation are
at once more evenly bedded and appavently somewhat more re-
sistant than those of the two underlying formations. The fauna
is more sparse and less varied. Omphalotrochus is rare or want-
ing, as are many other species. Ostracods beconye very promin-
ent, as are nautiloids, and sponges, though the last are less
abundant and varied than they are in the Talpa formation.
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Section on the north bank of Spur Creek

Feet Inches
4 lLimestone, massive, coarse-grained, weath-
ers to dirty-brown shade, large blocks, fos-

S50 58 S 0 ) O 1 10
3 Interval, one marly limestone............. 3 Q
2  ILimestone, 1 foot or more of shaly marls

near the middle, limestone fossiliferous,

large nauntiloids.........coveeen. ... 6 6
1 Limestone, mMmarly.....oeeeeeetnreeenennn 1 0

This section begins with number 43 of the previous section.
The difference in appearance of the interval common to both
sections is the differcnee in the freshness of the exposures and
in their orientation. Under these eonditions, some beds prom-
inent in one slope disappear [rom the surface, while others, in-
conspicuous in the first slope, eome into prominence,

Section in ravine at Giesecke’s Ranch house

Feet Inches

148 27 TLimestone, earthy, weathers into nodules or
rounded blocks, surface dark gray to
brown according to exposure, somewhat
fossiliferous . ..... . o i, 1 0
7148 26 Interval. Upper five feet probably marl with
limestone nodules. ... v ieneen. .. 25
Limestone, massive, wealhers like Number 23 1 3
24 Limestone and marls, not well exposed..... 9 0

23 Limestone, very large blocks with rounded
edges, massive, dirty-brown to gray, rusty

Streaks .. i e e e 1 0
22  Limesione, nodular, some marls........... b 0
2 Limestone, massive, in large blocks........ 1 0
20 Shale ... ... e e 2 0

19  Limeslone, nodular and marly, with marly
shales. One of the limestones when fol-
lowed west becomes firm and forms the top
of the blufl for some distance.......... 5 0
18 Limestone, four layers, thin shaly partings,
fossiliferous, three lower layers firm and
even-bedded, blue-gray, base of one of
them has sirong algal markings. Top lay-
ers marly and nodular, whole section above
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Feet Inches
Number 2 somewhat slumped and relation

of beds uncertain. ........... ... ..., 2 9
17 Limestone, gray, rather uneven, on top; 6
inches to.. e e 1 0
16 Shale ... .. e e e e 5+
15 TLimestone, dark blue-gray................ 2
14 Shale, probably four or five fecet, very fossil-
iferous, contains nodular limestone...... 44
13 Limestone, massive, hlue-gra‘y, mottled with
lighter shade. ... ...... ... ... . 11
12 Limestone in four layers, rusty specks in it. 2 0
11 Shaly material partly concealed........... 1 0
10 Limestone, very fossiliferous............. 1 1
9 Shale, about....... ... ... ... ..., 1 3
8§ Limestone, blue-gray, mottled, coarse- and
fine-grained ........... ... ... .. ... 1 6
7 Shale, blue, weathers gray, 7 or 8 inches of
nodular limestone below the middle.. ... 7 6
6 Limestone, two beds, coarse, gray, marly. .. 9
b Marl, rather firm, linzestone lumps....... 1 0
4 Limestone, crystalline, cellular, and brecci-
ated, with undulating surface. .......... 1 6
3 Limestone, even-beddced, texture irregular,
blue-gray ............ ... ..., 7
2 Shale or marl, blue.................. ... 6

1 Concealed, water level to base of gection. ...

Number + of this seetion is.number 27 of section west of dMus-
tang Kord (base nunber 775). Some of the marls of this see-
tion appear as limestones in fresh scetions.

Number 27 forms the basal member of the Iimestones on Elm
Creek below the wagon hridee at Ballinger.

Some of the beds of the Ulesecke seetion are better exposed
in the river bed on the northeast corner of the Chris, Schulen-
berger sarvey, on the south side of the river, below Ballinger.
This section followvs:

Section of the river bed on northeast corner of Chris.
Schulenberger Survey

Feet Inches

21 Concealed, 25 or 30 feet, perhaps more... 304
20 Limestone, blue-gray, weathering brown,
coarse, Ostracoda, little marl concretions 1 3

19 Concealed . ........ . .« ...t 5 0
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Covered slope with 6 inches to a foot of marly
limestone with large Deltopecten, Eumicro-
tug (?),ete. oo

Limestone, weathers buff-gray, forms upper
prominent terrace around bend of river..

Marls and limestone lumps, Pelecypoda and
Bryozoa . ... e e
Limestones, firmer and softer, fossiliferous,

large Eumicrotus......... ... ... ovuy.
Limestone, firm, even-grained, forms terrace
around the bend. ... ......... ... ... .. ..
Shale and marl, 15 inches to.............
Limestone in two layers, hard, unevenly
textured, blue-gra}y, fossiliferous........
Marls, blue, fossiliferous, with limestone
plates which are very fossiliferous......
Limestone, three beds, hard, unevenly tex-
tured, weathers blue-gray, fossiliferous. .
Marl, fossiliferous.............cvveen...
Limestone, weathers blue-gray............
Limestone, firm, coarse, fossiliferous, large
numbers of Myalina; farther north it
forms the top of a firm limestone 14
inches thick and on beyond that point it
splits off again. .. ....................
Limestone, marl,y, and marls filled with
Myalinas ... ...ttt i i
Limestone, hard, blue, reciangular slabs, 7
to 10 ft, long, and 15 in. to 6 or 8§ ft. wide
Limestone, marly, blue, very fossiliferous. .
Concealed . ..... ...t
Limestone, blue-gray, in about eight layers. .
Limestone, hard, blue, fine-grained, in deeper
river bed ...... ... . . . e i e

39

Feet Inches

o

The whole seetion from numher 17 down is here swept clean

by the river.

Nearly all the heds ave fossiliferous, some of them

extremely so, and the section is an excellent one to colleet from.
The next rocks ahove these are those exposed helow the
wagon hridege across Elm Creck on the southeast side of Bal-

lineer.

Over the limestone cxposed in TBlm Creek comes the rest of

th. Ballineer seectiou.

This whole seetion 1s eiven below,
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Section at Ballinger

Limestone in large blocks................
Concealed ....... ... it iinnnan
Limestone, hard, yellowish to drab, made
up of ground fossils. ........ ... ... ...
Shale, marly, eoncretionar}y, weathers yel-
lowish ..., . .0 i i i i
Limestone, coarse, blue-gray, made up of
ground fossils. .. ... ... ... . . ...
Marl, hard, knotty.....................
Limestone, earthy, unevenly textured, gzray,
weathers into three layers, composed of
ground fosgsils, 9 inches to 1 foot.......
Marl, blue, argillaceous, many fossils, harder
parts change into firm limestone in short
distance ... .. ...ttt e
Limestone, four to seven courses, the upper-
most is best defined; 13 inches thick.
Though blue-gray within, they soon weath-
er to a pleasing buff and make excellent
building stone........ oot
Limestone flags, two beds, lower one 5 inches
thiek, upper one 8 inches thick, lower one
quite coarsely fosgiliferous, upper one
somewhat less so; buff, uncvenly textured,
slabs 4 feet by 4 feet to 8 feet by 10 feet..
Marls, hard, shaly, fossiliferous..........
Limestone, blue, weathers buff, lower 6
inches is bituminous, splits off and iz not
used for building purposes. Upper part
somewhat crystalline, fossil fragments in
fine earthy matrix, all vertically jointed
in 2- to 6-foot blocks; good building stone
Limestone flag, coarse, slightly uneven sur-
face, composed of fossil {ragments......
Marl and shale, blue when fresh, base much
firmer than upper part, top laminated, oll
might well be interpreted ‘“limestone” in
drill record.............. e
Lintestone, blue, earthy, fine-grained with
fossil fragments, very evenly bedded, and
jointed in fair-sized blocks.............
Shale, green. .. .o v i iir it i i e e
Limestone, very soft and earthy, would not
show on gentle slope. .......... ... . ..

Feet Inches

10

10

11
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Shale, greenish. ... ... ...t
Limesione, very soft and earthy, would not
show in old eXPOosSUre. .. .. v v v v ne s
Shale, blue-green with 1 foot nodular lime-
stone about 4 feet above the base.......
I.imestone in five beds, weathers into large
nodules, lower hed about 8 inches thick,
hard, finer-grained than the others......
Shale, blue, with nodules of limestone, very
fossiliferous, many Composita, Bryozoa,
[23 C
Limestone, compact, firm, mottled drab
and yellowigh and somewhat iron-stained
Concealed . ...... ... . .. ...
Mazrls, firm, and soft limestone, varying to
a sort of conglomerate, .. ..............
Limestones with marl partings. ...........
Shales, marls, and marly limestones. ...., ..
T.imestone, shal}y, fragments of fossils with
coarse marls in upper part.............
Limestone, massive............... ... ...
Limestoneandshale.....................
Limestone, hard, massive, in creek bed....

41

Feet Inches

15

L4
154
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Numbers 1 to 7 are the limestones exposed in Elm Creck below
the wagon hridee. Numbers 8 to 16 represent the shales between
ithe beds in Elm Creek and the limestones in the bluffs and quar-

rics in Ballinger.

The remainder of the top of the section con-

stitutes the limestones in Ballinger and those exposed in Elm
Creck at the Upper Dam,

Between the Ballinger section and the Tios Arroyo seetion, the
following beds scem 1o be interpolated:

in road north of Ballinger..............

Concealed, with limestone at top, exposed in

road north of Ballinger................

Lucders Formation

5 A,{ﬂ

Feet Inches
Concealed, with limestone at top, exposed

Over the top of the Paintrock formation is a series of roeks
with a larger proportion of shale and marly impure limestones,

which weather down rather casily, exeept in the upper part
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which is formed by the Ballinger limvestones. The shales below
these lin estones are frequently marly and very fossiliferous; in
faet, they are coarse fossil conglomerates, made up mamly of
Myalinas and other peleevpods with many gastropods and Bry-
ozoa, The limestones at Ballinger are quite fossilifcrous. and
the Leds ave relatively thick and massive, and most of them are
buff. The Lueders formation is here rcgarded as beginning with
number 742 and extending to the top of nmmber 158 of the gen-
eral section.  As thus defined it has a thickness of 194 fiet. Tt
is uncertain how the Lueders formation as used here will cheek
out with the seetion at Lueders, but according to Wrather, they
are in general equivalent.* The Timeders formation as a whole
naturally breaks into an upper and a lower part with rathev dis-
tinet characteristics, and further study may necessitate its sub-
division,
Los Arroyo Section

A. Section beginning in river bed at east end of blufl east of the
mouth of Los Arroyo

Feet Inches
1539 14 TLimestone, dirty dark-brown, some marls

beloW .. e e 2 6
75349 13 Limestone, flaggy............ ... ... ... 1 0
159 12 Marlg and thin soft limestone............. 2 0
7159 11 T.imestone soft, gray.................... T
(59 10 Marls, blue to gray. .. ..... ... 1 6
159 9 Limestone, soft, earthy, dirty gray, weath-
ers to rounded blocks. .. ............... 2 0
159 8§ Concealed ........ciiiiiiiiiin, 3 0
130 7 Limestone beds, very thin, platy or shaly, top
filled with Pleurophorus............... 2 8
159 6 ILimestone, soft, earthy, buff, 9 inches; rot-
ten, brown, 1 foot to 1 foot 4 inches.... 2 0
158 b Limestone, hard, blue, fossiliferous, texture
uneven, two beds. ......... .. ... .. ..., 8
1539 4 Marls and shales............ .. ..c.ov... 1 3
159 3 Limestone, shaIJy, fossiliferous. ........... 1 6
[51] 2 Concealed ......... i 20 0
1 TLimestone, hard, buff-gray, large fossils.... 1 6

“7*1\:70tes on the Texas Permian. Bull, S. W. Assn., Pet. Geol.,
1917, p. 94,
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Section in river bed below the mouth of Los Arroyo

Limestone and marls, Productus horizon. ...
Marls, crusty, and some limestone and shale
Limestone, pink in some places, 2 inches to
Marl, hard, coneretionary................
Marls, with marly limestone, drab, at top...
Limestone, drab, irregular...............
Concealed . ......¢.iieeiunirennnnnns
Marl, ashy. ... ... ... . i .
Limestone, laminated, firmer than the rest,

large blocks, parts of it filled with Tleu-

TOPhoTUS Casts. ... .. i e
Limestone, thin-bedded, gray, locally sun-

cracked, cracks filled with blue stuff, top

of bed covered with Pleurophorous casts. .
Concealed . ....... . 0t
Limestone, blue, shaly, micro fauna.......
Concealed . ......c.. it nnnan

43

Feet 1Inches

2
6

0

T O D RO

-1 O

oo

Sy O W

Section at Los Arroyo from creek beneath the bridge to the

top of the limestone in river bluff one-half mile southwest

oo

to

Shale with thin sheets of limestone one-eighth
inch to three inches thick, and some crys-
talline, cellular limestone..............

Limestone in two beds aggregating 11 inches
in thickness, with shales and marls be-
tween them, makes an escarpment locally
on account of the firm hard upper ledge
which weathers in small angular blocks,
somewhat crystalline; Spirorbis.........

Shales, blue, weather olive, and thin sheets
of limestone an inch to 6 inches thick
which are dark huff to pink. Somewhat
fossiliferons, base of lower limestone form-
ing gentle terrace. Gypsum bed near base

Limestone, firm ledge. ...................

Shale, blue, weathers olive, little rotten
limestone . ... o i e e

Shale, blue with 16 inches rotfen limestone.
Productus ... e

Limestone, black shale and marly material. .

Concealed in creek bed. .. ......... ... ...

Feet Inches

-1

16

-1

@w ¢

(=]

+
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Transferring to the river bluif, the limestone and higher beds
are seen. '

Feet Inches

169 4 Limestone, soft, earthy.................. 4
169 3 Crystalline, cellular limestone............ 2 2
169 2 Shale, with little limestone in lowest part.. 7 0
168 1 Limestone, many beds of firmer and softer
earthy limestone and marl streaks. Micro
fauna, Troductus, and other fossils. The
full thickness of the limestone is shown
at little waterfall by a house........... 11 6
Section of rocks in bed of river east of the James’ house
Feet Inches
4 Limestones which weather shaly and platy,
5 = i Ty 1 4
3 Limestone, flaggy, and marls.............. 3 2
2 Marls and shaly limestones, blue, fossilifer-
OUS, SOME CYDPSUIML. 4 vt vunvvsseennsens 1 6 -
165 1 Gypsum, massive, from 1 to 3 feet thick... 1

In places, the limestone over this ledge of gyvpsum beeomes
quite firm. This seems to be the case in the wells near Rowena.

Section of the Valley Creek Bluff (Waite)

Feet Inches
772 24 Jlimestone in three Dbeds, flaggy, rather
coarse-grained, blotched, weathers into
uneven small blocks; one 8-inch bed of
greenish-gray limestone, ocherized fossils,

forms pillar-like blocks, weathers brownish 1 10
172 23 Shale, blue.. ... .ot i i 54
172 22 Limestone, light gray, fine-grained, two beds,

uneven surface......... .. .. i, 6
7172 21 Shale, blue.......... .. 6+
172 20 Limestone, cellular, crystalline, marly..... .1 1
172 19 Limestone, softer, weathers nodular....... 1 2
172 18 Limestone, persistent bed, light-gray, fossils

turned {o ochre, large flags, 6 feet across,

has been quarried.........cevuvenn. 8
772 17 Shale and limestone. .. ........c.c. vt .nn 3 0
172 16 Shale with 3 or 4 inches of limestone near

top that weathers brown, very hard, fossil-
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Feet Inches
iferous; another bed above it is cobble-

like limestone, not guite so hard but oth-

erwise like first bed............ . .. 5
Limestone, weathers to plates and flags. ...
Shale ... e e i e 44
Limestone, upper part crystalline.......... 8
Shales, marls and thin beds of limestones

(mostly red and green shales).......... 25i
Limestone, rather hard, mottled yellow and

blue, weathers to flags 2 b’y 3 feet and

smaller pieces. ... vttt i i e 8
Shale and marl, olive-green, with several

layers of nodular and flaky limegtone. I i
Limestone, softer and coarser than Number

7, almogt flaky after weathering........ 8
Shale, blue-green. .. ......c.conerieuenennns 5+
Limestone, fine-grained, weathers into nod-

TleS e e e e 9
Shale, Dlue-Breen. ... .ot innenennaas . b 0
Limestone, two beds, upper one 7 inches. .. 10

0
5
7

[

Marl or shale, probably blue-gray........ . 3
Limestone, blocks with rounded edges......
Limestone, rotten, and shale.............. 2
Concealed ........cciiiiiii i ennnnnn 35 -

Approximate Section up face of bluff at Ferguson’s Ford

8

jals (=2}

[ RVLR Y

1

Feet Inches
Limestone, weathers to dirty buff shade,

flesh-gray within, crystalline, rather fine-

grained . ....... ... . i e e, i0
Concealed ........... ... uiiiiinunnnn., 10 0
Limestone, dark buff, massive, gray to buff

within ... ... . e 1 3
Concealed. (Around hill, shows olive shale) 6 0
Limestone, platy, blue-gray.............. 6
Shale, bluish........... .. ... ... 5 0
Limestone, three layers, crystalline stuff on

top, gray to buff. ........... ... ... ... 1 10
Concealed from river bed to Number 2.... 25 0

According to Waite, number 2 of this seetion would be nmm-
ber 25 of his section ol Valley ('re-k BInff,

Arroyo Formation

The term Arroyo formation is given to a series of limestones,
marls, shales, and gypsumn (numbers 159 to 172 of the gencral
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seetion, with a thickness of about 260 fert) oceurring on and
near Los Arroyo, two and a quarter miles west of Ballinger, 1t
is appavently the same set of rocks to which Wrather applied
the term Abilene formation® in Taylor County, but that name
had alreads heen used for other formations and Arroyo is sub-
stituted for it. The corrvelation of the upper part of the forma-
tion with the limestone at the standpipe at Abilene was substan-
tiated by Mr. W. A, Riney. The rocks of this formation differ
considerably from those below. Al of them are irresistant, ex-
¢ept the highest ones, and have a very limited fauna, the con-
spicuous species belonging to Produetus, Eumierotns, and a few
other pelecypods.  The highest oceurrence of a small Composita
is recorded in these beds. The limestones are soft and chanue
to marls and hack again if traced for any eonsiderable distance.
There is-one persistent eypsum hed in the lower part of the for-
malion, and some of the shales arc red. The limestones at the
top of the formation are more persistent than those helow., This
formation is teutatively placed at the fop of the Wichita staue.

The ¢uantity of calearcous materinl in this formation dimin-
ishes toward the north so that in Tayvlor (‘ounty there is much
less limestone and more shale in the seetion. T the Coleman
Junetion bed is used as its base, and the Arrovo formation for
ils top, the thickiess of the Wichita stage is 1690 Teet on the
Colorado River. Less than twenty feet of sandstones ave re-
corded in the whole thickness of the formation and only ten of
them ave in Rununels County!

The Clear Forl: Stage

Section at the Smith place on Bull Hollow

Feet Inches
174 15 Shales with cellular, crystalline limestone,

and thin nodular limmestones. ........... 5 0
174 14 Limestone, massive..... e e 0
177 13 Shales, crystalline, cellular, limestone, and

thin limestone.......... PN 10— 0
777 12 TIimestone, three beds with two beds of marls

containing nodules. Limestones gray,

weathering nearly white, upper one buff on

TOD c i e e e, 8 6

*Section accompanying the article previously mentioned.
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Feet Inches

777 11  Crystalline limestone, yellow. .. .. .. P 1 3
174 10 Limestone, massive, gray................ 10
174 9 Concealed ... ... .. i i e e e b 0
17} 8 ILimestone, gray..........o.oueumvnnnaan.. 10
174 7 Shales, blue to gray, calcarcous, fossils... 1 6
17 6 Limestone, thin-bedded, somewhat lammated

crystalline material below.............. 1 3
177 5 Shale, blue-green, to base of limesione above *’){
17} Shales, greenigsh to blue with three or four

streaks of impure limestone............ 3 6
174 3 Limestone, light gray, base shaling up con-
siderably, thins locally to 10 inches and

crystalline material replaces the basal part 1 3
174 2 Shales, green and gray, with soft nodular
limestone . ..... ... 4 ]

3 1 TRed shales from top of Ferguson's Ford sec-
tion to Dbase of this section, exposed on
both sides of the viver. .. .............. 150+

Viale Formualion

Wreather places his Tye formation which corresponds to num-
bher 1T of this seetion, in the Clear Fork Stage.* The name Tye
formation was used for an igncong formation on the Pacific
Coast, and Tyer for a sedimentary Formation. In view of these
facts, 1t is well to use another term 1o designate the beds nnder
congideration. This is unfortunate, but there scems to he no
help for it. The 1rrm Vale is proposed for it, which is the nanie
of an old post-otfice on the Ballinger-Maverick road on the cast
side of Valley Creck, in Runnels County. So far as seen, the
whole formation in Runnds County is shale, some of it quite
sandy, 154 feet thick, the thickness being estimated. In Taylor
County, along the Texas and Pacific Railway, it has, ac-
cording to Wrather, a thickuess of 340 feet. The Vale forma-
tion is number 173 of the gencral section.

Butlhwagon Formalion

The Bullwaeon dolomite was named by Wrather, in the
article mentioned. from its outerop on Bull Wagon Creek, West
of Abilenc it is composed of two layers and has a thickness of

*Bull. 8. W. Assn. of Petro. Geol,, 1917. Section.
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five feet with a three foot shale parting. On the Colorado River
it is 36 feet thick and is represented by a number of thin dolo-
mites and blue shales. It is number 777 of the general section,
It wag provisionally correlated with the Taylor County seetion
by AMr. Rincy. Sinee the whole northern part of the outerop of
the Bullwagon dolomite in Runnels County is concealed benecath
an exlensive deposit of surface conglomerate, the actual correla-
tion of this bed with Taylor (ennty beds is provisional.

Sections of bluffs and hills west of the Smith Place, on the south

side of the river

Feet Inches
182 23 Dolomite, thin layer. On river, 8 feet shale

and 8 inches dolomite above this layer. ... 4
182 22 Bhale, and concealed material............ 4 0
182 21 Dolomite, two layers, main layer rough and

BOIt ... i e e e e 3
187 20 Shale, red....... ..ot iiiint i, 36 0
180 19 Shale, red with 6 ins. gray to pink dolomite 6 6
180 18 Dolomite, buff, gray, or pink, locally....... 6
180 17 Shale, red..... ... ...t 6 0
180 16 Dolomite, lower weathers smooth, upper one

Tough ... e e 1 8
7180 15 Shales, red, somewhat sandy, 1 loot gray

shaleattop......... .. i, 2 4
180 14 DOIOMILe . ..ottt 12
{180 13 Interval, thin limestone in middle......... 4 0
7180 12 Dolomite, DlocKy. .. .. v it i v 1 3
180 11 Dolomite, thin-bedded, 2 feet 6 inches to... 3 0
779 10 Shale, red, dolomite lens with ammonoids 3

feet, above base. .. ... ... o, 45+
178 9 Dolomite, rotten. .. ...... ... ... ... 1 0
178 8 Dolomite, gray 6 inches, pink 1 foot....... 1 [
178 7 Shale, and thin gray dolomite............ 6 0
I 6 Dolomite, agh-gray, geodes, with 6-inch

shales and dolomite below............. 2 6
177 5 Shale, red and green. ... .o 8 0
7 4 Shale, red. ... .. .. e 35 0
177 3 Shale, green band at top with green streaks 6 0
176 2 Shale, red, three small lenses of sandstone,

and layer with pink gypsum with darker
pink erystals in large lumps and sheets;
probably is remainder of a large bed of the
material ... ... .. . i e 20 0
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Fecet Inches
155 1 Conccaled trom top ol Smith place (Bull-

wagon dolomile)....... ... ... ... ... 85 4

Section at Choza Mountain, Coke County

186 10 Dolomite, rough, two layers.............. 2 0
186 9 Concealed .......ccuit ittt 5 0
186 8 Dolomite, breaking into small pieces...... 6
186 7 Concealed ...... ...t 4 0
186 6 Interval, some thin limestones............ 2 4
186 5 Dolomite, two laycrs 15 inches apart...... 2 8
185 4 Shale, red, and concealed................ 43 0
18} 3 Dolomite, two to four layers, Nautiloid. .. .. 2 0
183 2 Shale, red, with few green streaks and thin

sheels of dolomite. ................... 35 0
7183 1 Concealed from Mule Creek.............. 804

Choza Formalion

The Choza formation is named Irom Choza Monntain, near
Tennyson, Coke County. 1t is barely across the Runnels Connty
ling. Tt includes the rocks trom the top of the Bullwagon dolo-
mite of the Vale formation 1o the San Angelo beds of lerch.
T consists of a series of red shales separatud hy eroups of thin
dolomite beds, some of which are fossiliferous.

With the exeeption of the Merkel dolomite which Wrather
has traced nearly to the Ried River, these dolomites all disappear
hefore veaching the Texas and Pacific Railway in Taylor County,
and their position is oeccupied by shalis. The highest dolomite
in this formation is the Merkel dolowmite of Wrather, corrdlated
by Mr. Riney, with the Taylor County locality. The thickness
ol the whole formation on the Colovado River is about 870 fo 1.

There are 270 feet of shales with thin sheets of dolomitic lime-
stone above top of the Merk:l dolowite,

The Double Mountain Stage

At Marvaaret Peak, still hicher rocks are seen which awterop
i the northwest corner of Runnels Cownty, Roughly, they are
as Tollows:
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Feet Inches
189 3 Red Shale............... P e-.. 45 0
188 2 Sandstone and coarse quartz conglomerate. .130
187 1 Shales, red and concealed to top of Merkel
dolomite as shown at Choza Mountain, 50
feet to......... . i 200

San Angelo Formation

In his section of the Permian rocks {from Abiline to Sweet.
waler, Wrather used the Merkel dolomite as the 1op of the Clear
Fork heds. This is probably near to the limit fixed by Cummins
for {his series. The San Angelo conglomerate and sandstone,
over a hundred and seventy-five feet {hick on the Colorado
River, is heavily conglomeratic with laree polished quartz peb-
bles two to five inches in diameter, showing a very radieal change
in eonditions of deposition,

On aceount of the radical change in the condition of deposiiion
the San Angelo beds are here regarded as the base of the Double
Mountain stage.

TITE COMANCIIEAN

Recks of the Comanchean system, or Comanchean division of
the Cretacoons system, oceupy a very small area in the north-
western part of the county and a cousiderably larger avea in the
northeastern part. These rocks, composed of sandstones, lime-
stones, and marls, probably have an aggregate thickness of 185
feet or more. They form the ““mountaing’’ of the two northern
corners of the eounty, and are the remnants of the former exist-
chee over the whole arca of the county of these Comanchean
beds, nearly all of which have now heen removed by erosiomn,
Two seetions of these rocks are given, as follows:

Seclion of Cretaccous rocks in the southenst corner of Table
Gap Mountain

Feet Inches
27 Limestone, similar to the onec below, in two
beds .. e e e e 44
26 Limestone, massive, fine-grained, cream-col-
ored, single bed, hard, few fossils....... 4 8
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Marls, largelly amorphous, ashen, few fossils,
srades into Number 26.......... PN
T.imestone, massive, single bed, very fossil-
iferous, with large fossils. Top two feet
literally a mass of fossils. .............
Limestone, hard, massive bed, fine-grained,
even-textured, creamy white, weathers
gray, grades into bed below............
Limestone conglomerate apparently com-
posed of cylindrical sponges, or Algae?. .,
Limestone, coarse fossil conglomerate with
Caprina and other large fossils.........
Limestone, firmer............ ... ... . ...
Marls, filled with Exogyra texana and other
fossils. Beds rather coarse-grained, buft
Limestone, massive, weathering into nodules.
Seems to be composed of small ellipsoidal
masses a few inches across.............
Shales. Slope literally covered with fossils. .
Conglomerate of Gryphaea shells. Yellowish
Concealed . ... ... .
Sandstone, apparently yellowish..........
Shales, very sandy, or shaly sandstone..,..
Sandstone, massive, cross-bedded, friable,
yellowish . ...t i e e e
Sandstone, very calcareous, white. .........
Concealed . ........0iniiiiieieninnnennn.n
Sand, light gray, weathers to pale huff shade
Concealed . ........... .. . . i uan
Sandstone, shaly, and sandy shale, some of
it pink. ... e .
Sandstone, cross-bedded. .................
Shale, sandy buff to purplish. .............
Sandstone, gray, minutely concretionary...
Clay, ved, sandy. .. .. .. i irinneenveen
Sandstone, clean, nearly white, friable....
Conglomerate, rather coarge, composed of
thoroughly rounded red and white quartz
pebbles, and some black ones...........

o1

Feet Inches

8t

11

2
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The Permian heds appraved a short distance helow this hed.
It is not improbable that there is a little sandstone helow the
conglomerate hefore the red beds are rveached.
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Section of a low mountain near County Line Gap

Feet Inches
12 I.imestone, hard, irregular-textured, weath-

ers craggy. A remnant of g thicker bed.. 1 8
11 Marls, ecream-colored to white (possibly a
disintegrated limestone), fossiliferous.... 3 0
10 TLimestone, weathers into nodules, occasional
F 0 L 1 = 4 0
9 Partly concealed, partly coarse, rotten, sandy
limestone, buff........................ 174
8§ Sandstone, buff.............. .. ... .. 4
7 Sandy clay, weathering buff.............. 11 0
6 Clay, pinkish, quite sandy................ 2 0
5 Sand, yellowish........... ... ... ... ... 2 0
4 Sandstone, rather coherent, clean, white.... & 0
3 Conglomerate, quartz, red and white and
black pebbles. .. .... oo ittt i i 2 0
2 Sandstone, massive, cross-bedded, nearly
white .. ... i e e 5 0
1 Comcealed ........cciiiiiieiinrnennans 25 0
¢ Sandstone and sand, light buff............ 54

The highest red beds or Permian rocks seen were about fifty-
five feet helow this exposure. They probably reach within a few
feet of the lowest sandstone.

THE PLEISTOCENE

Very little attention could be given to the study of the Pleis-
tocene and possible late Tertiary deposits of the county. There
are the usual silts, sands, and gravels in the valleys of the present
creeks and larger streams, and there are remnants of carlier flu-
viatile deposils left in some places on more elevated tracts of
land, such as gravel and sand, These will readily be noted by
local students and may, perhaps, be better understood after
muore extensive observations have been made in this and adjacent
parts of the State.

ECONOMIC GEOLOGY

The geologic resources of present value in Rumnels County
are confined to the non-metallic products. They are sand, clay,
gypsum, structural stone, lime, road metal, oil, and gas. Under
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favorable conditions a number of these may be utilized locally
and sonme of them in a broader way.

SAND

There are three sources of sand in Runnels County. First,
the river sand of the Colorado River, as at Ferguson’s Ford,
Ballinger and numerous other places. This ig readily obtainable
without considerable excavation. Second, older river sands on
the high terraces, such as south of Ballinger in the Spring Hill
region, and between Maverick and the river, These beds are
casily accessible and relatively clean. They also make favorable
fruit lands and serve as rescrvoirs for polable water. Third,
the sands at the bases of the "*mountains.”” These Trinity sands
are thick and eclean, save for some lime and iron. There are
doubtless places where sand sufficiently pure for glass-sand may
be found in deposits thick enongh to be profitably worked, Some
ealearcous (limy) eement in the sand wonld not spoil it for that
purpose.  In ease cheap fuel develops, it may pay to examine
these deposits more closely.

CLAY

Clay is not abundant in Runnels County except in the western
part, where beds of red elay may be found from which brick
and tile can be miade. In the castern part of the county most of
the shale beds between the limestone arve thin, and they are fre-
quently quite limy. Perhaps the best shales available are to be
found on the west side of Elm Creek near the railroad junction
in Ballinger and the sanme beds in the bluff south of the cause-
way.

Ong of the citizens of Ballineer callid attention to a deposit
ol Fuller’s carth abont three nnd a half miles from Ballinger on
the Maverick Road.  This deposit was not sutficiently opened up
to demonstrate its commereial importaner. Considerable exea-
vation will he neeessary in ovder to do this.

GYDSTTAM

One bed of gyvpsum of considerable extent oceurs just west
of Ballinger. If is exposed in the Colorado River bid st of
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Mr. James’ house, is recorded in wells about Rowena, and is
found in the bluffs west of Hatehell. Should cheap fuel from
natural gas or crude oil be available. it might be possible to find
places where this bed is of sufficient thickness to he mined and
caleined for plaster of Paris. and cement plasters,

LIMESTONL AND DOLOMITE

One of the valuable vesources of the conntv s its limestones,
which are excellent buildine material, casily aceessible, durahle,
and of pleasing color. The huildings in Ballinger arve exeellent
proof of thdir utility and attractiveness. The best and most
accessible beds ave found in the upper Lueders formmafion {rom
which stone is quarried in Ballinecr and near it. They extend
from the vieinity of Olfen 1o Oxien awd the eounty line south-
cast of the Mud Creck school. These beds are well Torated eeog-
raphically with respeet to transportation and the more dinsely
inhabited part of the county. The thickness and character of
the beds are given in the deseription of the Ballineer seetion in
the proceding pages ol this report. The rich bufl shade of the
stone, the large blocks in which it veenits, its firmuness and dnra-
hility eombine to make it a stone of unusual quality. The spalls
may be burned into lime,

Other limestones well suited to domestie use are well distrib-
uted over the county, especially along the river and the erecks;
and the harder limestones of the mountaing are of especial value
Lor lime.

One of the great values of linestone and sandstone for build-
ing purposes is that they may he quavried at times when farm
or ranch work is least pressing, and accumuwlated until a suffi-
chint amount is al hand in large-sized blocks, to build a good
house, barn, or other building, Excellent houses may be con-
structed in this way with hardly any cash outlay for the hase-
ment and walls of the building., These houses, when properly
built. are cool in summer and warm in winter, cxtremely dura-
ble, and may be made very attractive in appearance, Three
things ave always necessary to sccure satisfactory results: Fivst,
well scleeted bloeks of sufficient size, especially allowing length
for considerable overlap in breaking joints: second, a wide, firm
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foundation, preferably of conerete, well sunk, to prevent all set-
tling; and third, proper masonry in laying np the walls. Un-
firm foundations are the most common cause of the eracking of
stone houses and barns. There must be no settling.  Another
cause which is almost as common is the use of too small picees
of stone and the improper laying of them. Small stones of all
sorts may be used with very pleasing and durable results if laid
in Portlund cement mortar. Dirty sand in the mortar will cause
any cement strueture to ermumble,

ROAD METAL

The {fitm limestones of the southeastern part of the county and
the havder dolomites of the western part, when erushed and
properly laid and ecompaected, inake good roads. This stone is
rasily available in the portion of the eounty where it occurs.
The white Comanchean rocks of the monntaing ave of Iittle value
for voad purposes on account of {heir softness.

The best road material of the county is the eomglomerate
{*reonerete””) which occurs along the Colorado River and larger
erecks,  These beds arve Lound from 40 to 100 feet above 1he
streams and oceasionally nearvly Jdown to stream level.  They
nsvally have a reddish appearanee from the irvon with which
the cravel is partially cemented fogether. Where this material
is used the best voads ol the county ave found, A third souree
of read material is the loose gravel found alone the river and
the lareer streams.  The larger pebbles should bhe sereened out
and the addition of a little elay Lor binder is a material improve-
ment,

OIL AND GAS

At the tinie of this writing no well has been drilled within
the county which has produced oil or cas in commereial quanti-
ties, though at least two such wells may come in some time before
this hulletin is off the press. No deep test has been drilled. On
account of the lack of devp wells in the immediate vieinity, with
accurate logs available, it is impossible to make a, safe forceast
of the conditions which will he encountered in the deeper strata.
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Surfuce Structure

The dip of the surface rocks of the county is low and in a
northwesterly direction. North of the Colorado River in the
castern part of the county the dip seems to have a stronger
northern component than over the rest of the county. South
of the river the map shows a stronger western eomponent than
unorth of it. It may be that this is in part duc to the more rapid
rise of the surface of the ground north of the river, but it scems
to throw the river along the ervest of a very low, broad struc-
ture. Planec-tabling the outerops will determine whether this is
a fact or an appearance.

The county was not examined to find structures, though three
have been worked out, and conditions indicate that there are
probably scveral others.

One of the first things to he noted is that the local dips are
veering and inconstant and that exposures over a considerable
arca have to bo worked out to determine the true trend of the
dips. When continuous exposures are available the matter is
simple enough. One other precaution is necessary in determin-
ing the structures in the southcasiern part of the county, The
scetion there is nearly all limestone of varying texture and of
varying resistanee to each of the numerous agenls of weather-
ing; so that on a south slope certain beds weather back, produc-
ing slopes resembling those formed by shale beds, and others
stand out rather prominently, In following ihe salient beds
around an cast or west prominence, it is sometimes found that
the scarp becomes dim for o little distance and then vesumes its
prominence again; and the same thing may oveur on rounding to
a north slope. It will frequently be found that the ledge fol-
lowed on the south slope is a different one from that on the west
and that one still different forms the terrace on the north side
of the hill or ravine, though they may have almost identical ap-
pearanees. It was found necessary in some cases, and safe in
all, to carefully walk every foot of the outerop to avoid stepping
up or down stratigraphically., Sinece dips are low and closures
slight, when present, it may be an easy matter to get a closure
where none exists or 10 miss olle when prescnt if cave is not taken
by the rodman in following the beds.
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The steep dips shown on the surface are just northwest ot the well.
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Observed Structures

A strueture was obscrved at Rowena, that seems to be well-
defined. 1t is closed off on the northwest by the normal dip, and
in places by dips running as high as 2° 307, On the east
there are few exposures. Ilowever, a considerable number of
wells has been drilled in the past few vears in the flats cast of
the town. An examination of these wells in company with My,
Wm. Halamicek revealed a uniformity of depth and a gvpsum
water that seemed to make the evidence furnished by the horings
reliable. Where aceurate data were available, the water was
found bheneath a Iimestone. This, toecther with the gcology of
the recion, made it probable that the wells penetrated the gyp-
sum shown in the Colorado River at the James place (number
165 of the general section). This eypsum bed extends beneath
Rowena. From thig data, we deduace that there is a closure on
the cast. The general outline of the field is shown on the map.

In the city of Ballinger, and west of it, is a well-defined fold
of a different type. It is a nose with steep northwest and south-
west dips which nearly cloge just northeast of the concrete hridge
over the river on Seventh street. A sketeh of the outline of this
ficld is shown on the map.

Another fold oecurs on Gap Credk, helow the mouth of Long,
Branch, southeast of Winters. Tt is somewhat similar to the one
al Rowena, but has the closure on the cast visible, The north-
west side has not been dofined, hut is closed off by the normal
dip as ohserved some distance away. Its outline is sketehed on
the map.

Nub-sviface Geology )

The rocks 1o be penetrated by the drill at the various localitics
mentioned, based on the thickness of their outerop along the
Colorado, farther east, as worked out hy Drake, would be as

follows:
Depth to Top Depth to Top Depth to Top

Locality of the Cisco of the Canyon  of the Bend
Feet Feet Feet
ROWENa .....ovvivnnonn 1600 2560 3220
Ballinger ........ccu0.-. 1350 2300 2859
winters ... oo 1500 2460 3120

Russell well............ 700 1660 2310
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These figures are approximations, based upon the thickness of
the exposed beds farther cast, and may be either too small or
too large. They also take it for granted that the Strawn forma-
tion is absent below Runnels County, which scems probable, but
which has not been demonstrated. Tf the Strawn is present, it
will inerecase the depth to the Bend by whatever thickness it may
have. It may require as much as a thousand feet of drilling to
penetrate the whole thickness of the Bend, if it is present. The
Bend formation is one of the most important oil-hearing forma-
tions in Texas. Both the Cisco and the Canyon may contain
pay sands, but that any production is to be had from the rocks
of the Wichita Stage in this county is nearly impossible, on
account of the lack of porous layers within it, to serve as reser-
veirs for oil and gas.

Ilowever, in this conneciion it is necessary to take into ac-
count the faet that as the formations are traced southwest from
their northeasternmost oulcrop, sandstones pinceh out, shales
thin, and limestones set in and grow thicker., To what extent
the rocks beneath Runncls County are made up of porous and
impervious material remaing 1o be determined by drilling, The
potous heds are neeessary for the c¢ollection of oil and gas in
commereial quantities and to permit their free movement to the
wells, For this reason the presenee or absenee of such beds is
of vital importance fo the future development of the oil re-
sourees. I this conneelion the fact should not be lost sight of
that some of the large fields of the world are found in porous
limestone,

COPPER

Copper in some of its forms has been fonnd in the basal sands
of the Comanchean formations which ave vepresented in the
mounniains of northern Runuels County, and also in some of the
shales of the Vale formation. These finds oecur over a large
part of West Texas, but in no case have commereial deposits been
found. Some copper has been found in Runnels County, bul
here, as elsewhere, it will probably be found te be too sparinely
disseminated to be avorth working, even with the present high
price of the produect. While some very pure orve is to be found,
in this case the cconomic importance rests more on the quantity
of it per enbic yard of earth than upon its purity.
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