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THE EAGT.E FORD FORYATION OF TRAVIS COUNTY, TEXAS

INTRODUCTION

The Ragle Ford formation is one of the most in-
teresting of the Cretaceous gystaa, It presents a greater
varigy of changes than any other in that svstem, Not only
does its lithology change, but its thickness in different
parts of the state is a problem in itgelf, The greater
part of animal life represented in the Fagle Ford is more or
less characteristic of that age., In a number of places,
especially in Travis County, asphalt and o0il seeps have
been found, Inasmuch as there has been no detailed work
done on this formation in Travis County it was suggested by
Dr, H, P, Bybee that a close study of it be made,

The Eagle Ford was named by Dr, R. T, Hill1

in 1887
because of its excellent exposure near the town by that
name situated on the T, & P. Railroad six miles west of

Dallas,

.

1 )

Hill, R, T., The Topography and Geology of the
Cross Timbers and Surrounding Regions in Horthern Texas:
Am, Jour, Sci,, vol, 33, p. 298, 1887,




North of the Brazos the outcrops of the Eagle Ford
make the extensive black waxy lands of the fertile Black
Prairie lying between the White Rock scarp and Eastern
'Cfoss Timbers,

The Bagle Ford shale is at the base of the Colorado
group, It is believed by'Stephenson to be the undeter=-
mined part of the Eutaw formation of Alabama and lississippi,
In the western interior area of the United States the Benton?
shale is regarded as approximately equivalent to the Eagle
Ford,

In the region north of the Brazos River the forma-
tion lies conformabiy upoh the Woodbine sands; while south
of the'Brazoe it rests unconformably upon the Buda limestone,
'It is everywhere conformably overlain by the Austin Chalk,

The formation aé a whole consists iargely of lami-
nated petroliferous shale which, when first exposed, is
dark blue and sometimes with a silky luster, but upon
weathering changes to a gray, brown, or light yellow color.
It includes, in some places, thin ledges of sandstone,lime-

stone, ledges with concretionary structure, and layers of

2
Stanton, T. W., The Colorado formation and its

invertebrate fauna: U, S, Geol., Survey Bull., 106, pp. 19,
48, 1893,



bentonite, In the region between the Brazos and Colorado
rivers, where the formation is closely associated with the
Del Rio clays, and both weather to form a dark brown soil,
one experiences some difficulty in recognizing it, There is,
however, a marked lithologic difference between them, The
Eagle Ford is highly laminated, the laminae often appearing
as shaly fragments on the weathered surfaces of the out-
crops, and separated slabs, In the Del Rio clay there is no
such weathering. Thié area is one of the most productive
cotton regions of the state, ©South of the Brazos River the
beds are more intermittent due to faulting and erosion.
They extend from near Waco southward via lioody, Belton,
Round Rock, Austin, Buda, and_New Braunfelg, At this point
the exposures take a southwesterly direction and pass north
of San Antonio to Hondo, Uvalde and thence to the Rio Grande
River, There they are best exposed in Sycamore Creek and
its tributaries, south of the S, P, railroad, between Kinney
and Val Verde Counties,

The thickness of the formation has a wide range as

shown by the following tabulation:3

Hill, R. T,, Geography and Geology of the Black and
Grand Prairies, Texas: U, S, Geol., Survey, twenty-first

Annual Report, pt. 7, p. 324, 1901,



Section Thickness
Paris (on Red River) 600 feet
Sherman 600 feet
Dallas 480-500 feet
Midlothian 350 feet
Waco (south of the Bosque) 200 feet
Austin 30 feet
Nueces 200 feet

The tnickness of the Austin section was found by
the writer to be about 42 feet,

R, T, Hill says this decrease in thickness south-
ward is apparently accomplisned by the gradual disappearance
of the lower beds of the formation, the upper calcareous
layers with laminated flagstones alone persisting and in-
creasing in that direction, until at Austin they are the
solé representatives of the beds, He gives the following
section:

Section of Eagle Ford shale 2 miles west, of Rinkley
House, at Sherman, Grayson County, Texas,

Feet

Sandy clay shale with Ostrea lugubris ==--cc-c--- 10
Thin layers of brown sandstone with conglomerate

of small rounded jasper pebbles, Ostrea

lugubris, and fish teeth ==--cecmcaccccccncaanaa 5
Blue laminated clay, weathering into limomitic

COlOrS mmmmmm s e e e e e r e ce s e e m e a——— 10
liassive agglomerate of Ostrea lugubris sewmcocwma 2
Sandy clay shale in thin alternations of clay

and sand; clay efflorescent and drab on drying;

Ostrea lugubrig eeeccecwemccccaccnececcacnnanaa 40
Blue clay with gigantic septaria eee=e=meemceeca_oa 67

The above section does not appear to correlate With
the one taken on Bouldin Creek, one mile south of Austin,

where the total thickness is exposed in the east bluff of



that creek, It is the opinion of the writer that the sec-
tions at the two places'are so widely different that it would
be difficult to say that the formationlexposed in the Austin
section'is the top phase of the formation farther north, It
does seem probable, however, that the shales of licLennan
County are about the same as found at the type section on
Bouldin Creek, Adkins4 describes the formation in southern
Bosque Couhty in which he divides it into three parts,
namely; (a) a basal shale, (b) a middle flag series, and
(¢) an upper shale, He places the total thickness at about
160 feet, of which the basal shale is about 40 feet, the
middle flags about 85 feet, and the upper shale 35 feet,
The above divisions are the same as found in the type sec-
tion at Austin, but here the thickness of each phase is con=-
giderably reduced, The sections on the following pages will
show the variation in thickness at the two localities,

Just why there is such a variation in the thickness
of the formation from north to south is a problem in itself,
In order to get at the cause of such changes a knowledge of

the geography of Fagle Ford times would be necessary,

4 |
, Adkins, W, S.,, Geology and I¥ineral Resources of
McLennan County: Univ, of Tex., Bull. No, 2340, p. 67,

1923,



South of the Brazos River there is a peculiar rela-
tion between the outcrop of the formation and the trace of
the Balcones fault, but north of the Brazos there is no
probable connection between the two, Whether there is any
relation existing between them in any of their parts is al=-
together hypothetical, It has been suggested by some that
the Central Hinéral Region upshift might possibly be a fac=-
tor in causing the formation to thin in the Austin-San ‘Antonio
area, Since this region has been covered by all of the
Cretaceous’ it is probable that the uplift had nothing to do
with the thickness, The nature, extent, and elevation of
the land mass from which sediments were derived is a probable
factor, but to determine this a careful study of the geo=
graphic conditions of that time would be necessary, Another
probable factor influencing dep&sition of sediments would be
the action of tides, Inasmuch as the Fagle Ford lies un-
conformably on the Buda limestone in the region around Austin,
and conformably on the Woodbine sands north of the Braszos,
we recognize a break in deposition which left out the Wood-

bine sand, This seems to indicate that the area south of

Paige, Sidney, Geologic Atlas, No, 183, U, S,
Geol, Survey, 1912,



the Brazos could have been ahove sea level during the
deposition of the Woodbine sands, and also while the greater
part of the Eagle Ford shale was heing deposited in Horth
Texas, Wwhether any one of the above factors, alone or act-
ing together, had anything to do with the variation inthick=
ness of the formation cannot be determined until a thorough
investigation of sea and land conditions and areas has been
made,
Hill6 lists the following invertebrate fossils from

the Eagle Ford formation:

Placenticeras syrtalis lort, var, cumminsi Crag.

Ammonites woolgari lort,

Sphenodiscus dumblei Cragin,

Buchiceras inequiplicatus Shum,

B. swallovi Shumn,

Tapes hilgardi Shumnm,

Anchura modesta Cragin,

Fusus graysonensis Cragin.

Natica gstriatacostata Cragin,

Neritopsis brangulatus Shum,

Ostrea lugubris Conrad,

O, belliplicata Shumnm.,

Inoceramus fragilis Hall and lieek.
I, labiatus Schlotheim,

Of the above list, Inoceramus sp. is found in great
numbers in the middle phase, whereas a few occur in the basal

portion of the Austin exposure, A small undetermined Ostrea

& .
Hill, R. T., Geogrephy and Geology of the Black
and Grand Prairies, Texas: U. S, Geol. Survey, twenty-first
Annual Report, pt. 7, p. 328, 1901,



is found in great abundance in the basal Member of the
middle phase, This fossiliferous ledge is a very hard,
sandy limestone which is very persistent in Travis County
and can be used as a good horizon marker, Several small
gastropods are found in the basal member but they are not
preserved well enough to be identified, In most cases only
the mold or cast remains in the shale and upon exposure will
crumble away, Some, however, are replaced with pyrite but
even these are poorlj preserved, Dr, Udden repbrts a2 heavy
rather blunt-keeled ammonite with outer volution about one
foot thick from the basal Eagle Ford blue shale on Bouldin
Creek, Ithe following Foraminifera are also found in the
section taken on Bouldin Creek:

Globigerina cretacea T'Orbigny

Cristellaria sp,

Textularia globulosa Xhrenberg
Anomalina ammonoides Reuss

Some very peculiar organic remains were found in the baéal
phase of the shales from about four feet above the contact
with the Buda limestone up to thé fossiliferous sandy lime-
‘stone ledge fifteen feet above the Buda, These'remainé
resemble bones of small vertebrates, but upon close examine-
tion are fougd not tp have bone structure, They are micro-
scopic in size and well preserved, This material resembles

arm joints of a particular Crinoid, Saccocoma, more than it



does anything else, The following is taken from Zittel,

vol, 1, p. 172:

"The only known genus, Saccocoma occurs profusgely
in the Lithographic Stone of Eichstadt and Solen-
hofen, Bavaria, It is a free-swimming form,

whose affinities with the monocyclic Plicatocrini-
dge wsre first clearly demonstrated by Jaekel in
14892,

Dr, E. H, Sellards found several specimens in a well sample
from Bexar County., The well belonged to F. B, Corle, located
one-half mile east of the Medina-Bexar county line, and one-
half mile north of the Portranca road, This sample was
taken from the well at a depth of 135-140 feet; Fagle Ford
shale. (A photograph of this sample is found in plate XII),

Since there hes been only one genus of this crinoid
described, and that from the Upper Jura of Germany, it does
not seem very probable that these remains could be of that
genus., Conditions, however, might have been such that the
remains were not preserved during Commanchean times, There
is a posgibility of the material being sponge spicules which
are found throughout the Cretaceous; although the remains
resemble arm joints of Saccocoma more than they do sponge
spicules,

Fish teeth and scales are very abundant throughout
the formation, but they are more abundant in the middle vhase;

some of the sandstone members are especially charszcterised
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A. View ghowing e smell faoult in ¢ ncse of ihe
shales on Welnutl Creck one-~-e ile east of
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o+




1l

by them., The different types of fish scales and teeth are

figured on plate XIII,

THE EAGLE FORD FORMATION IN TRAVIS COUNTY

The Eagle Ford formation outcrops in Travis County
in a narrow belt, extending from the northern boundary of
the county southward to Watters Station on the Internstional
and Great Northern Railroad ten miles north of Austin, through
the city of Austin to Manchaca and thence to the Travis-Hays
county line,

In the northern part of the county there is a narrow
helt of the formation from one-half to a mile in width,

This locality affords no good section, It is represented on
the map as Locality No. 1,

On Walnut Creek, a quarter of a mile_east of Watters
Station, the formation occurs in the south bank of the creek
forming a bluff about thirty nine feet in height. Here the
creek has cut down about three feet into the basal shales.
Above these the middle phase, which consists of alternating
beds of sandy limestone, sandy shale, and bentonite make a
total thicknegs of fourteen feet, The upper shales are
more calcareous and weather to a light gray or yellow color;

they are about twenty-one feet sgix inches in thickness, The
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bluff is capped with about ten feet of Austin Chalk, Plate
II shows a section taken at this place, About one mile
below the foregoing section where the creek makes a sharp
turn to the south, the shales are arched into a small anti=
cline and several small faults ranging from throws of one
foot to eight or ten feet are noted. Two wells were drilled
and a pit was dug at this place cseveral years ago, A small
showing of 0il was obtained which was suppocsed to have come
from the_Eaglé Ford, The wells were soon abandoned as there
was no commercial production, A well was drilled south of
these two wells on the Byrd tract but there seems to be no
available record of it, A quarter of a mile below the wells
there is another exposure of about fifteen feet of the upper
shales in the west bank of the creek overlain with about
five feet of gravel of Pleistocene age., The Walnut Creek
~expogure is designated on the map as o, 2,

On Shoal Creek, about two hundred gards north of the
crosging of the Camp Mabry road at Austin, the middle flag
member of the formation is exposed in the east bluff of the
creek, Here the Hagle Ford is found at the top of the cliff

with the Buda underlying, Whether the basgal blue shale is

Hill, R, T,, The 0il Possibilities of Travis
County, Texas: MMS, 1919,



faulted out, or the midcdle phase is 1lying unconformably on

the Buda limestone has not been determined, The :z:ore

probable cause is faulting, The beds consist of alterneting
layers of arenaceous limestone flags, from one to taree incaes
in thickness, sandy shales, and bentonite, The tnickness of
the outcrop here is about ten feet, This exposure ig desig-

nated asgs No., 3 on the map,

Ho, 4 on the map is the Shoal Creek exnosure just

[4

h

\.

north of the Sixth Street bridge, Hill gives this zs a

-

put at the

-

typical exposure resting upon the Zuda limestone,
present time the banks of the creek azre g0 erocded anc
covered with debris from the surrounding settlement that it
is impossible to measure 2 section,

Outcrop No, 5 is the bext exposure in the county.
Here the full section may be examined along the bahks of
Bouldin Creek, Plate No., V shows a plat of the type éection
on Bouldin Creek, The following section was talzen at taree
different places on the creek., At (c) zbout eignt feet of
the upper basal shales are exposed, In order to toake samples
from the remeinder c¢f the basal portion,the writer dug a pit

down to’ the contact with the Bucfa limestone, At point (&)

~A

8
Hill, R, T,, Geologic Atles , Ho, 76, U. 3. Geol,
Survey, 1903, :
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the middle phase was accesgible, and at (f) the upper shales
are all exposed and samples were taken, Plate VI represents
a complete section measured along the creek,

The basal fifteen feet is a blue shale, dark on
fresh exposures, but upon weathering is dull gray cr brown,
In places iron stain has colored the shales, and at times
one may find the joint planes cemented with iron oxide, As
a whole the shales are very homogeneous, hut there are a few
variations. Four feet below the fossiliferous ledge there
is very hard shale, which when struck with a hammer will
give a strong petroliferous odor, Just above this ledge is
a layer of very soft, thinly laminated shales two and one
half feet thick, The following is a detailed section of the

basal member:

Inches

9. Soft, thinly laminated blue-gray shales
with Globigerina cretacea, fish teeth and
scales, Inoceramus prlsm fosegil wood,
pyrite, while about 50% of the washed sample
wag arm joints of crinoidsg ===cececmuccacaaa 30
8., Extremely hard, gray shale; near the top of
the ledge arm joints of crinoide abundant,
Inoceramus prisms, shell fragments, fish
teeth and bones, fossil wood, about 75% of
the washed sample was Globigerina cretacea;
at the bottom of the ledge were a few
Globlgerlna cretacea, and a few Inoceramus
Prismsg ==eww= - e e e e e e 24
7. Hard gray laminated shale carrylng arm joints
of crincide, while about 75% of the washed
sample was Globigerina cretacea ==weemccamawa 24
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Inches

6, Blue laminated shale with small seams of

sand; fish teeth and scales, Cristellaria

8P, , Inoceramus prisms, fossil wood, about

75% of the washed sample was Globigerina

cretacea, pyrite we=-- - 2 e - 24
5. Hard shale with fish teeth and scales, few

arm joints of crinoids, Crigstellaria spy.,

Inoceramus prisms, Echinoid spines, fossil

wood, pyrite, about 50% of the washed

sample was Globigerina cretacea =====ccw=- 12
4, Very hard gray shale, compact; arm joints

of crinoide, Cristellaria sp, abundant,

Inoceramus prisms coated with pyrite, fish

teeth and scales, f0sSil W00d eeeemccecee= 18
3. Hard gray shale with Cristellaria sp.

abundant, Globigerina cretacea, Anomalina

ammonoides, Echinoid spines, fish teeth

and scales, phosphate nodules, Inoceramus

prisms, shell fragments replaced with

pyrite, rounded and angular quartz crystals,

about 50% of the washed sample was pyrite-- 12
2, Blue laminated shale with minute layers of

sand; Anomaline ammonoides, Globigerina

cretacea, fish teeth and scales with dis-

tinct crenulations, shell fragments,

phosphate nodules, fossil wood, crystal-

line pyrite, rounded and angular quartz

g£raing =emccmeccccrcccccncnaa. -——————————— - 24
1, Soft, black, fine grained shale; Textularia

globulosa, Globigerina cretacea, Cristel-

laria sp,, Echinoid svines, fish teeth

and scales, carbonized wood, shell frag-

ments, phosphate nodules, selenite, about

75% of the washed sample was pyrite, some

of which showed perfect octohedral

crystals, quartz grains, about one half

were well rounded while the remainder were

angular eeecccemcmcecccse e e — - 12
Buda limestone ==emeweccceccccccccnccnncccnn- 3
Total thickness of the basal shales 15 feet,

At point (d) in plate V the middle series is well
exposed and the entire section may be taken., Here the basal

member is a fifteen inch ledge of arenaceous limestone with
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a matrix of Ostrea shells forming the middle part., Above
this the section is made up of alternating beds of sandy
shale, sandstone, and bentonite, The following section was
measured at point (d) in Plate V:

Inches

27. Bentonite, very impure, iron stained;

Inoceramus prisms, Textularia globu-

losa, fish teeth and scales, Glohi-

gerina cretacea abundant =e=ccccccccce-- - 1
26, Hard shale layer, very calcareous, carry-

ing fish teeth and scales, Inoceramus

prisms, Globigerina cretacea abundant and

agsll preserved wcemccececccccoce - - 14
25, Bentonite stained slightly with iron oxide,

carrying small iron concretions, selenite,

and quartz crystals, some angular and

others rounded, The absence of fossil

remains is striking ===eecceceeca - ————— 5
24, Sandstone ledge, forming bed of creek above
the falls, Plate V weerccccccacaecccanaa= 10

23, Sandy shale, the top part is soft and
thinly laminated while the bottom is
harder; fish remains very abundant, fossil
wood, Inoceramus prisms, and a few Globi=-
gerina cretaceg ====- e ————— e e - 2
22, Bentonite with Inoceramus prisms, fish
scales, foseil wood, Globigerina cretacea

(few), iron oxide concretions ===eemea-- - 1
21, Alternating layere of laminated sandy shale
and sandstone flags e=e-cewmcaccnccccnaaaa 5

20, Sandy shale with fish remains, Inoceramus

prisms, and Globigerina cretacea, The

bulk of the sample was sand =~=c-ccwcacaa= 3
19, Bentonite with a few fish remains, fossil

wood, iron concretions, and selenite === 1
18, Sandy shale with fish scales, foseil

wood, Inoceramus prisms, Globigerina

cretacea, much sand =-==cwwec-c.. ————————— 2
17,. Calcareous sandstone; thin section shows
fish remains, and Globilgerina ===v-ewa-a - 3

16, Sandy shale with Globigerina cretacea not
well preserved, Inoceramus prisms, fossil
wood, fish remains, iron oxide, and
much sand e--cewew - - 2



15,

14,
13,

A

% I

10.
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Inches
Bentonite stained with iron; Inoceramus
prisms, fossil wood, iron concretions,
Globigerina cretacea ==========-- ————————— +
Hard sandstone ledge; thin section shows
fish remainsg, and Globigerina -===«-sw=-=- = 3

Bentonite considerably stained with iron;
Inoceramus prisms, Globigerina cretacea
(few), iron stained sand graing --===---- - 3
Sandy shale, laminated, with Globigerina
cretacea well preserved, fish remains,
Inoceramus prisms, foseil wood, much fine
gsand, and iron we==cscmcecccccenccrenccccee 2
Bentonite stained with iron; fish teeth,
Inoceramus prisms, fossil wood, and
much iron =--=ceccccccaa e rmEe————————— -- %
Sandy shale, thinly laminated; fosseil wood
fish remains, Inoceramus prisms, iron,
Globigerina cretacea make up the bulk of

the sample =-=w==cecccccw- - - A
Bentonite; Globigerina cretacea, Inoceramus
prisms, iron ==eeecccceccccccmcccccccaccaa- 1

Sandy shale, laminated; Globigerina cretacea

not well preserved, yet abundant, fossil

wood, fish remains, Incceramus prisms =---- 1%
Bentonite, iron stained; fragments of

Globigerina, fish scales, iron, Inoceramus

prisms, and sand eececcccccccece- - - 1
Sandy shale carrying hard concretions 2 to

5 inches thick, 4 to 10 inches wide, and

1l to 3 feet long; also has a quarter inch

layer of bentonite; Inoceramus prisms,

fish remains, Echinoid spines, fossil

wood, selenite, Globigerina cretacea (few)- 5%
Bentonite with iron concretions, fish scales,

selenite, and sand ===ew-ccaccccacccccacaa- 2%
Sandy shale, laminated; Globigerina cretacea,

fish remains, fossil wood, Inoceramus

prisms, pyrite, and sand =-eveccceccca.- cm——— 1]
Lowest bentonite layer with selenite, fish

scales, fossil wood, fragments of Globi=-

gerina, Inoceramus prisms, and iron =ew---« 4
Sandy shale, thin laminae; Globigerina

cretacea, (few), fossil wood, Inoceranus

prisms, fish remains, pyrite, and much sand- 4
Arenaceous limestone with agglomerate of

Ostrea about the middle of the ledge; thin

section shows fish teeth and scales, plant

remains, and many Inoceramus prismg =e-eeee- 1

Total thickness of middle phase 8 £t.9 in.
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The upper shales are well exposed at point (f) in
plate V, Here the shales form a bluff about eighteen feet
high with about ten feet of Austin Chalk at the summit, At
the base of the cliff the hard blue laminated shales form
the bed of the creek, but higher in the section the shales
become more calcareous until at the top they are quite
chalky. The Austin-Eagle Yord contact is clear cut, The
shales are characterized by their numerous joint planes, and
in some cases these planes are filled with iron oxide as a
cement, ©Samples were taken continuously from the bottom to
the top, and examined under the microscope., The following
is a detailed description of the heds exposed just beneath

the Austin Chalk on Bouldin Creek one mile south of Austin:

Inches

12, Austin Chalk ==cvceccc-= ceemrcr e ——.———- - 10 f¢t,
11, Sandy shale with clay and considerable

calcareous material, This layer is just

beneath the white chalk scarp, and may

be considered as the contact, Sample

contained Globigerina cretacea, Textu-

larias globulosa, Echinoid spines, sele-

nite, fish scales, Inoceramus prisms,

and phosphate nodules =eewcecccccccccca= 20
10. Hard nodular limestone ledge; thin

- gection shows it to be of very fine

grained chalky texture with glauconite

weathering Prown ==ececceccccecccccccaa. -- 4
9. Sandy shale, laminated and calcareous,

atained with iron; Globigerina cretacea

(rare), phosphate nodules, much clear

QqUartz ==evecscccccccce- e L L el 8
8., Hard nodular limestone ledge:; thin

section shows the material to be of

very fine grained chalky texture

Globigering =ecemeccccccncencccannncnan=x - 10
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Inches

7., Soft calcareous clay with Globigerina

cretacea (few), Textularia globulosa

(few), pyrite, and much sand, some

of which is stained with iron ====-=-ce--- 48
6., Calcareous shale with iron concretions;

sample showe Textularia globulosa

(abundant), Globigerinse cretacea, fish

remains, Inoceramus prisms, selenite,

and sand graing e=erececccee-- cemmee———— - 48
5. Hard blue, laminated shale with Globigerina

cretacea (abundant), Textularia globulosa

(abundant), Inoceramus prisms, fish

Tenaing =eecreccccrccnccancncnccenc=-" ——e—- 12
4, Hard blue shale, laminated; Globigerina

cretacea, Textularia globulosa, Inocera-

mus prisms, pyrite, selenite, fisn

renaing =wwwe-c- T Y ekttt 2.5
3, Blue shale with pyrite, foseil wood, fish

scales, Globigerina cretacea, Textularia

globulosa, and sand graing e=s-ee=cc=e- -- 24
2, Hard blue shale forming bed of creek at the

foot of the cliff; Globigerina cretaces,

Textularia globulocsa, fish scales,

Inoceramus prisms, and sancd graing ====- - 12
1, Hard blue shale one foot above the top

bentonite layer; Globigerinz cretacea,

Textularia globulosa, Inoceramus prisme,

fosgil wood, fish remains, and sand ===e==__ 12

Total thickness of upper ahales 18 ft, 6 in.

The fact that the so=-called arm joints of crinoids
are found only in the basal portion of the section is very
interesting, Whether the supposed crinoid lived only in
that period or whether the conditions were not favorable for
ite preservation in the upper members is hard to determine,
If these remains could be established as definite horizon
markers in the Eagle Ford shales, their identity and place

in the formation would readily be recognized a2s there have
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been no such remains described from the ether members of
the formation, nor from the formations above or below the
Eagle Ford,

Exposure No, 6 representé about twenty-five feet of‘
the formation., In a shallow cut, along the Manchaca road
just west of the railroad, as shown on the map, a portion
of the middle flag member is exposed, but the outcrop is so
poor that it was impossible to measure a section, Just how
much of the formation and what portion of it is present at
this point is difficult to say.

At point 7 on the map the middle phase is found in
the bed of the creek between the road and railroad, Here
the formation seems to be altered by an inﬁruaibn, although
the intrusivé rock does not make its appearance at the sur-
face, The upper shales form the creek vélley walls while
the Austin Chalk forms the valley rim above,

Points 8 and 9 represent areas withbut any good
exposures, In both places the basal shales overlie the
Buda limestone as a thin mantle only a few feet in thickness,

From the above sections it may be seen that the
Eagle Ford thickens northward, which is in keeping with its
general tendency to increase toward Red River,

The following thicknesses recorded in well logs were

obtained from the Bureau of Economic Geology and Technology
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through the courtesgy of Dr, E. H. Sellards:

Chapin well No, 1, located about three miles

east of Austin on the Austin-Manor road =--- 40 feet
W, W. Childress well No. 1, located on the

"Antonio Navarro grant, two miles east of

Garfield e=eecwcaccccecccncre e o mme——- 45 feet
Manor well located about sixteen miles east

0f AUsStin eecccccnccwcwrccwerccccncncrecee- -- 25 feet
J. J, Davie well No, 1, located four miles

north of Manchaca ===e-=—ceceac-- cemmanceee== 67 feet
The Bast Fifth Street well, Austin =eee=-w---= 60 feet

G, A, Parkinson's well in South Austin =e=e-«e 40 feet
This well showed o0il and gas from the
Fagle Ford,

These logs are more or less inaccurate as it is
difficult to distinguish the basal Austin Chalk from the
upper Eagle Ford in well cuttings, According to these logs
the formation shows a thickening toward the south which is

contrary to the facts shown in the exposed sections,

FOSSIL ICE CRYSTALS

Another interesting characteristic of the middle

phase of.the Bagle ¥ord formation is the presence of fossil

ice crystals,9 When walking along the bed of Bouldin Creek

one may notice some strahge markings on the sandstone flags,
The layman often refers to them as bird tracks, They are

small straight, shallow grooves from one-half to two inches

9Udden, J. A,, Fossil Ice Crystals: Univ, of Texas,
Bull, No. 1821, 1918,
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in length, and from one-gixteenth to one-eighth inch in
width, They are joined into patterns in which some spring
out from the sides of others and again the:celves send out
other branches, Some cross each other, There seems toc be
a rather uniform angle of divergence in the branches, which
is about gsixty degrees, A photograph of these strange mark-
inge is shown in plate VIII,

There is no particular significance attacheéd to
these markings other than they may serve as an index to the

climate of that period,

CONCRETIONS IN THE EAGLE FORD FORMAT ION

One of the most striking features of the Eagle Ford
formation is the presence of numerous and veried concretions,
These forms occur throughout the formation, They assume
almost all sizes and shapes; some are microscopic while
others weigh a ton, Some resemble dumb-bells, clubs, or
bombe, while a very common type is the sertarium, which is
a globose, or flattened, disk shaped concretion from five to
fifteen inches in diameter, Because of the intricate poly=-
gonal cracking over the surface, the septarium bhears a

striking resemblance to a turtle's back and is often so mig-
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taken by the 1ayman.10 The various types of concretions
occur in greater abundance north of the Brazcs River, the
outerops in Dallas and Grayson Counties being especially
characterized by them, South of the Brazos they are fewer
in number and do not take on such a variety of shapes, In
the Auétin section the typical septzrium is absent, In its
stead there is a form which usually resembles a flattened
log. Plate IX shows one of these concretions before and
after it was split open, Some of the specimens ae shorter
and more spheroidal, Very good examples may be found in
the middle phase of the formation on Bouldin Creek, and also
on Walnut Creek a quarter of a mile east of Watters Station,
When the upper and basal} shales zre examined many swall iron
concretions are found, They range in size from less than ocne
twenty fifth to one half of an inch in diameter. A few of
the very small ones present perfect crystalline forms; the
marcasite nodes snowing the radiating structure on the in-
side, while the exterior resembles ooclitic hematite in form,

The larger concretions appear to be the result of
the cdeposition of mineral matter from solution, Calcium

carbonate, or iron sulphide,may be deposited around some

10
Shuler, E. W,, The Geology of Dallas County: Univ,
of Texas, Bull, No, 1818, p., 17, 1918,
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foreign object as a nucleus, and the concretion grows by

the constant deposition on the out side, In larger con=-
cretions, as shown in plate IX, the nucleus seems to0 have
been & piece of wood replaced by calcite, In some cases the
nucleus is a fossil, while at other times it may be a grain
of sand, In many instances when the concretion is broken
open no nucleus is found, but instead a hollow space with a
dense growth of perfect calcite crystals growing around the

interior walls with the crystals pointing inward,

BENTONITE

The middle phase of the Fagle Ford formation is
characterized by a series of rather regularly spaced bento-
nite layers, which are of very wide distribution, Adkinsll
describes layers of bentonite in the'middle flags of lMcLennan
County., . Udden reports them frbm Brewster County, and Sellards
has found them in the formation in Mexico,

Bentonite is a volcanic ash composed chiefly of
aluminum silicate associated With several other minerals,

The chief, and most important mineral, is leverrierite,

Bentonite swells in water and breaks up into a doughy mass,

1 .
lAdkins, W, S,, Geology and Mineral Resocurces of
McLennan County: Univ, of Texas, Bull, No. 2340, p. 71,1923,
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It is distinetly crystalline and in plates, some of which
are a millimeter across, It is soft, sectile, and clay
like, but some of the aggregates of the larger plates are
more indurated and soften slowly in water, It has an index
of refraction, B, of about 1,57, a birefringence of about
0.02, a very small axial angle, and is optically negative in
character, The acute bhisectrix is sensibly normal to the
plates.12 Under the microscope the ground mass of typical
bentonite is an aggregate of crystalline material, The
texture varies greatly and in some specimens it is almost
submicroscopic, but in others it is so coarse that the rock
resembles a sericite schist, Bentqnite may have almost any
color, and shades of gray, brown, pink, yellow, green, and
white are common, The layers found in the Eagle Ford forma=-
tion do not present such a variety of colors, HHere the
white bentonite has been stained with iron to such an
extent that it is dark yellow on exposure, but whenAfresh
is 1light yellow or brown,

The source of this bentonite is not known, but since
it is of volcanic origiﬁ it is thought to have come from

the Rocky lountain region,

12
- Nelson, W. A,, Tenn, Geol, Sur., Bull.,, No., 25,
p. 46, 1920,
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The bentonite from Bouldin Creek is considerably
stained with iron oxide, There are twelve layers ranging
from one-half to five inches in thickness, the bottom and
the secend from the top layers being the thickest, All
layers show sand grains, and all except the second from the
top layer show fossils including fish remains, The layer
which lies just above the ten inch sandstone ledge contains
some glass sand and iron concretions, These facts would seem
to indicate that the volcanic ash.fell into a very shallow
sea,

The correlation of bentonite beds in different parts
of the stateshould be made, If the beds of the Travis
County Eagle Ford shales could be correlated with those of
McLennan County, then it would be possible to determine what
part of the formation thickened, or thinned in different
parts of the state;

Bentonite was first described by W. C, Knight under

the name of taylorite.13 Finding that the latter term was
14

’

preempted, he proposed as a substitute the name bentonite

from its occurrence in the Benton formation of Wyoming,

13 )
Eng. and Min, Journ,, LXIII, p. 600, 1898,

14
Ipid., LXIII, p. 491, 1898,



35

It may be seen from the analyses below that bento-
nite shows a somewhat variable composition, and that its
peculiar properties are due no doubt to physical rather than

chemical conditions,.

i Analvses of Bentonite
1 2 3 4 5 6 7

Sio 54,00 | 60,18 | 64,00 |47.56 | 63.40 | 71.48 | 51,85
A1283 24,48 | 26.58 | 22,90 | 20,57 | 19.54 |14.82 | 27,05
Fe03 1.47 | ----- 3.10 | 8.58| 4.26 | 3,89 | 2.75
Fel 0,45 | mmema | ==m== 0.24 | mmmme | mmmmm | ===
Ca0 2081 o 2% 1,00 2.527F 06.31 1 1.97] 2.82
Mg0 2,75 | 1.01| 2.,00| 0,80 | ====-= 2,14 | 0,97
Nan0 1,74 | 1,23 ====-= 1,28 | 2,66 | ===== 2,62
K50 tr | mm—mem | —---= -===d 0,74 0,40 | =====
Loss on

Ignition
H,0 9,68 10,26 7.00|17.601| 9,12 5.19 | 10,89
Total | 96.65 | 99.49]100,00 | 99.15 |100,.03 | 99.89 | 98.95
1, Bentonite from Bedford County, Tenn. Ordovician in age,

Analysis by J. I, D, Hinds,
2, Bentonite, Laramie Basin, Wyoming,
Analysis by Thomas T. Read, Quoted Darton, N.H. and
Sievbenthal, C. E.: Geol. and Yineral Resocurces of the
Laramie Basin, Wyo. Bull. U.S.Gecl,Survey,364,59,1909,
3. Bentonite, Laramie Basin, Wyo,
Analysis by John Ogden, quoted as above,
4., Leverrierite from Beidel, Colo,
Analysis by L.T.Wherry, J.Wash,Acad,Sei, VII,213,1917.
5, Bentonite from Colorado County, Texas, Tertiary in age,
Analysis by J.E. Stullken of the Industrial Chemistry
Division of the Bureau of Economic Geology and Tech=-
nology, University of Texas, 1920,
6. Bentonite from a well drilled at West Columbia, Brazoria
Co, Texas., Tertiary. Analysis by J. E. Stullken,
7. Bentonite from the Fagle Ford formation on Bouldin
Creek one mile south of Austin,
Analysis by L. F. Marek, Dept., of Chemistry, Univer-
gity of Texas, May, 1925,
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Bentonite has been used in the manufacture of soap,
as a packing for a special kind of horseshoe, as a diluent
for certain powerful drugs sold in the powdered form, and
as an adulterant of candy. It has also been employed in
the manufacture of antiphlogistine, and makes a good
retarder for cement plasters, It is used on a commercial
basis for the softening of water, but its chief use so far
is for weighting and filling paper. When used on a commer-
cial basis bentonite will bring six to seven dollars per
ton f.o.b.ls

The Travis County bentonite is not in sufficient
quantities to be worked on a commercial basis, as the
thickest bed is only five inches thick, On account of the
rather impure condition of the clay and the highly stained
material it would be difficult to prepare it for use, even

though it were in greater quanties,

15
Ries, H., Clays, their Occurrence, Properties
and Uses: John Wiley and Sons, 1914,
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PETROLEULM IN THE EAGLE FORD FORMATION

It has been known for some time that the Eagle Ford
formation produced oil in small quantities, but just to
what extent the formation is a producer has not been deter-
mined, Several water wells in Travis County have a small
0il production, The wells drilled on Walnut Creek about one
mile east of Watters Station have produced a little o0il which
is thought to have come from the Zagle Ford formation, At
this same plade on Walnut Creek o0il and asphalt seeps have
been noted, Here the shales are exposed in the north bank
of the creek just beneath the.Austin Chalk, In this same
locality pits were dug some twenty years ago for the purpose
of mining oil, and during a wet season a small amount of oil
will accumulate on the surface of the water, but the quan-
tity is not sufficient for commefcial purposes, Ffrom the
strong petroliferous odor given off it was thought that the
shales might possibly'be a source of oil when sufficiently
covered, and protected from weathering, Due to the above
facts several laboratory experiments were conducted to deter=-
mine the approximate amount of o0il, fixed gases, and ammonium
sulphate contained in the Eagle Ford shalee, |

The method of retoring and laboratory procedure

was similar to that used in the laboratory of the Colorado
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| 6
School of Mines.l

LABORATORY .PROCEDURE

The type of retort used in the laboratory investiga-
tiong is an iron mercufy retort with capacity of four pints,
The 1id of the retort fits tightly on the rim and is ren-
dered air tight by using a thick paste made by mixing
"Smooth On" cement (Engineer's “Smooth On", io, 1) with a
little water, By using a spatula this paste is quickly and
evenly spread on the junction surfaces of the 1id and retort,
The 1id is immediately placed on and the clamp firmly screwed
down with the aid of pliers, The retort is then placed in
the top of the fire-box made of fire-brick, and a No, four
Scimatco burner is placed in the opening of the fire-box
at the bottom. 'An asbestos board eighteen inches square
is used at the top to keep heat from passing out around the
top of the retort., The 1lid is equipped with a half-inch
pipe three inches long extending down into the shale, This
pipe is sealed at the lower end and holds the thermometer,
The lid aleo has a quarter inch pipe six inches long extend-

ing three inches into the shale for the purpose of admitting

16
Alderson, Victor C., The 0il Shale Industry, 1920,
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steam from the boiler, This steam pipe is perforafed 80
that the steam may be distributed through the shéle. The
delivery tube is made of three-quarter inch pipe, and comes
out at the center of the lid, Heat is supplied by means of
one, two, or three Scimétco burners as needed to increase
the temperature,

The condenser used is divided into two partsj the
first section, connected to the delivery tube, is two feet
long, The inner tube is made of quarter inch brass pipe and
screws into the delivery tube, The outer cylinder is one and
a half inches in diameter, and is composed of brass. The
second sedtion is three feet long, with an inner tube of one-
quarter inch glass tubing and an outer brass tube two inches
in diameter, The inner tubes are connected by means of
rubber tubing, and the outer tubes are also joined by the
same method, The condenser is attached to the hydrant by
means of rubber tubing. Circulation‘of the water is started

before the gasses begin coming over,

DPESCRIPITION OF THE SHALE USED

The shale used in the retorting tests came from the
sectioh on Bouldin Creek, one mile south of Austin, The
shale was taken from the bottom phase of the section and is

typical of the shales of the bottom member of Travig County,
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' The weathered surfaces are of a bluish gray to brownish
black color and in some instances have a silky luster,
Freshly broken surfaces are black to gray. The ghale is
laminated and tends to fracture readily along the planes of
Jamination as is characteristic of most shales, the fractures
being conchoidal, ©Small concretions of pyrite are found
throughout the bottom phase of the shale, and upon retort-
ing leave a thin coating of altered pyrite on the bottom of
the retort, The samples used in the experiments were taken
all along.the section from top to hottom and mixed well so

that a representative sample might be obtained,

PREPARATION OF SHALE FOR RETORTING

A small jaw crusher was used in crushing the shale
to the desired size, Two sizes were prepared, the larger
composed of fragments passing through a half inch mesh hut
not through a quarter-inch mesh sieve, This was termed
"large size" shale and recorded as such in the data, The
smaller size was crushed so that it passed through a quarter
inch mesh, a considerable portion of the sample being pow=-

dered, This was recorded as "small size" shale in the

data,



42

AMOUNT OF CHARGE AND TEMPERATURE

In‘all tests, except sample No., 3, one and a half
| kilograms of crushed shale were used. In the case of
sample No, 3 the charge was the spent shale from sample
No., 2 crushed 80 that it would pass through a quarter inch
mesh sieves In the other six samples the charge seemed to
be too great for the method of retorting. When the spent
shele was removed from the retort there was a small portion
of the fragments in the bottom and on the sides of the re-
tort showing complete distillation as they were white or
grayish white in color while the material near the center
- of the charge was coal black, This, however, could be due
to carbon formed in the deposition of carbon on the frag-
nments of spent shale as there is considerable carbon formed
in the distillation process, In many cases when digging
the shale, pure carbon waé found,

The temperature was carried as high as 750 degrees
Fahr, using two Scimmtco burners, The temperature was in-
creased rapidly at first and gradually decreased toward the
end of distillation. ¥From the data shown in table No, 1
it can be seen that the rate'of increase of temperature
from hour to hour had nothing to do with the final results

of the experiment,



Rate of Increase in Temperature per Minute

TABLE I

Sample lst.Hour 2nd.Hour 3rd.Hour 4th.Hour SP.Gr. B, Gas_per ton
Nes 1 | B° 3,337 [ B 22 cc 1330 cu. ft.
a2 | 7430 | 2.53° 1.3 e 17 cc 2141 19 % »
No. 4 4.63° | 4.14° 1.1%. 1 i .088 | 2150w U182 2141 n m
No. § 4.7 2.5° 37° 24 "1 17909

No. 6 4,8° 2,5° 1,66° B8% [ 28 .m1i17.8

No. 7 676" 3.4” B2 '.275° “27 I e L 2362 W »
Average| 5.,83° F1.8" 1.26° 23.2 " e
No. 3 8.54° 2.53° 1.30 .3B T, ___:j 363 g

1%



From a study of the data tabulated in table lio, 2
it may be seen that there is a difference in the amount of
0il obtained from the "large size®* shale and the '"small
size" shale. In each case there was a greater yield from
the smaller size, Whether this difference is due to the
size of the fragments or the methcd of retorting, that is,
by the steam or dry method, is not easy to determine. It
is the opinion of the writer, however, that the size of the
shale in this particular case is the determining factor,
The “small size®™ gave a greater yield than the "large size®
when distilled under similar conditions, with one exception
when the "small size" was heated for thirty minutes longer.

This should not make any material difference, however, as

most of the oil comes off below 600 degrees Fahr. These
results do not agree with those obtained by Stewart and
Trenchard of the University of Califcrnia in their experi-
ments on 0il shales from Elko, Nevada. In their experiments
the larger fragments gave a greater recovery of oil. 1he
following is taken tfrom their discussion of results:17

#The yield increases with the size of the shale

under similsr conditions of heating because of

the fact that the vapors are cracked in the re-
tort, Vapors at the center of the lumps are

;ZStewart and Trenchard, The Destructive Distilla-
tion of 0il Shale: Quarterly of the Colorado School of

Mines, July, 1923.
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retarded in emerging to the surface on account of
the distance to be traversed by the vapors in the
thicker pieces of shale and thus the resistance
offered by the shale itself. In the case of the
large size shale the temperature on the outside

of the pieces of shale may be 400 degrees Fahr,
while on the inside would be only about 250
degrees Fahr, Now by the time distillation has
been completed on the surface of the lump and the
temperature has risen to 700 degrees ¥ahr., for
instance, the temperature on the inside of the
lump may just be sufficient to cause distillation.
Therefore these vapors which are formed on the in-
side of the lumps will, on reaching the surface

of the shale, be subjected to a temperature of

700 degrees Fahr., which causes them to crack form-
ing vapors composed of lighter molecular gtructure.
In the case of the smeller size shale, resistance
is offered by the shale and the difference in tem-
perature would not be so great and hence cracking
would not occur to as large an extent.®

From the data on the experiments carried on, it
seems that all of the hydrocarbons were not driven off when
the 1argé.Size shale was used. Consider sample No, 2,
which was of the "large size" and note the resulis as com-
pared with those obtained on sample No, 1. Sample No. 3
was the spent shale from sample No. 2. In this case a few
drops of 0il were given off with a little water, and hydro-
carbons in the form of gases which about make up for the
difference between the recovery of the different sizes of
shale, This is not conclusive evidence, however, that the
smaller particles will give up more oil than the larger
particles, Furthermore, the results obtained by Stewart

and Trenchard can hardly be compared with those obtained in



TABLE II ’

Gal.  (NHg),S0, Loss of wt,

Sample Size 0il cc Gr.B, % Unsat. per tonTwper ton ~Method HpO cc Time Temp. in dist,
Small 22 3.52 Dry 3:55 |686 F,
farge 17 7 2,72 | 2.57 1v.| pry 170 [3:25 (750 F. |300 ems.
Largs 21,8 |.18.2 3.44 | 3.24 » | pry 158 [3:20 [640 7. |340
Large 24 | 17.09 3.84 St eam 3:30 |565 F. | 242
Foa T No. 8350 | ;

: . . 1451640 F, | 210

Small 28 17.§n BrNo. 52.62 4,48 2.99 Dry 70 |3:45 2
Small 27 19:2 4,32 3.C9 Steam 57 |4:15|650 F, |210 *
Small tr. Dry tr, |2:45|667 P, | 32

Sample No, 3 consisted of the spent shale fram sample No., 2 which had
been crushed to the smaller size.
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this laboratory because the shales of this locality and
those of Nevada are very dissimilar, and besides the
methods of retorting were different, and it has been proved
several times in the laboratory of the Colorado School of
Mines that the method of retorting wiil change the results
of distilletion,

Since the results obtained by either the dry or
steam method of reteorting were not always consistent, no
definite conclusion can be drawn; In the case of the "large
size"™ shale there was a greater recovery when steam was
used, but in the case of the "small size* one sample distilled
dry gave more 0il than when another sample under similar con-
ditions was distilled using steam. It seems probable that
the steam was more effective in the “"large size™ because it
tends to equalize the temperature there by preventing the
formation of places that are too hot or too cool. Moist
heat is more penetrating than dry heat. Therefore, when
using the steam method the larger particles will give up
their hydrocarbons at a lower temperature than when re-
torted dry. It is also thought by Dr. Victor C. Alderson
and others that the use of steam in retorting diminishes
the production of unsaturates in the oil., Only one sample
from this series was tested for unsaturates so no comparison

can be made between the percentage of unsaturates when the
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dry method is used and that obtained when steam is injected.
Samplé No. 6 was distilled dry, and tested for unsaturates
which were found to be rather high according to table No., 2.
The percentege of ammonium sulphate obtained is com-
paratively low when compared with other American shales,
Some of the: Utah shales producing as much as thirty pounds
per ton of shale. It could not be determined whether the
steam increased the amount of ammonium sulphate in the
samples run by the writer. In one case, however, where
small shale was used there was a greater yield when steam
was injected. According to Alderson of the Colorado School
of Mines injected steam should increase the amount of
ammonium sulphate per unit of shale. Dr. Alderson says:

"Nitrogen, in combination, exists in 0il shale in
appreciable quantity, perhaps as complex ammonia
compounds or otherwise. During the distillation
the ammonia compounds may give off ammonia, either
free or in combination, ¥Free nitrogen and hydrogen,
at the moment of their production, may unite to
form ammonia., One recent investigator claims his
experiments show that practically all the avail-
able ammonia mey be obtained without the use of
steam if proper temperature conditiocns are ob-
served. According to his tests the most favorable
temperature for obtaining the maximum yield of
ammonia is about 735 degrees ¥Fahr., If the aumonia
once formed is subjected to a further increase of
temperature, it is liable to be more or less de-
composed into its constituents, nitrogen and hydro-
gen., It will begin to decompose at a littile below
940 degrees Fahr., and at about 1440 degrees Fahr,
the decomposition is complete. Where the tempera-
ture is not otherwise controlled, it is thus
possible that if steam is used it again acts as an
equalizer. By preventing excessive cracking of the
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0il vapors it may also prevent the occurrence of
the conditions under which the undesirable nitro-
gen compounds are formed, at the same time pre-
venting the decomposition of any ammonia once
formed. It is difficult to see how steam can aid
in the formation of ammonia during the distillation
of the 0il by any chemical interaction.® (0il
Shale Industry, 1920),

The condensable portion of the distillate is caught
in the separatory funnel, while permanent gases pass through
distilled water which acts as a scrubber, taking out a
part of the emulsified oil, +“‘he gases then bubble through
& solution of approximately one-normal sulphuric acid which

removes the ammonia and then collects over water in the
carboy as shown in plate X.

After distilletion is complete, steam is sent through
the retort, condenser, separatory funnel, and Meyer tube
80 that all parts are thoroughly rinsed until free of
ammonium compounds and the rinsings, with the water con-
densed in the separatory funnel, added to the solution of
sulphuric acid. This solution is then neutralized with
sodium hydroxide and the ammonium sulphate in the neutral
solution changed to sulphuric acid and hexamethylene-
tetramine by boiling one minute with neutral forty per
cent formsldehyde. The solution is cooled to about 60
degrees C., phenolphthalein added and the sulphuric acid

formed titrated with the stendard sodium hydroxide. ZIach
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cubic centimeter of fifth-normal sodium hydroxide is equi-
valent to 0,017613 pound of ammonium sulphate per ton of
shele when 1500 grams are used for the distillation.

"The liquid in the separzatory funnel is carefully
separated and measured, Xach cubic centimeter represents
0.16 gallon of o0il or water per ton of shale when 1500
grams are used for the distillation, The volume of water
flowing from the carboy is equal to the volume of permanent

gases, This volume im cubic centimeters times 0.0213 is
equél to the yield of permanent gases in cubic feet per ton
of shale when 1500 grams are used for the distillation,

The o0il from the several distillations was collected
in a flask and distilled dry, using the Standard Engler End
Point Apparzatus. The following table shows the results of

this distillation.

__Fractions Temperaiure Ba&;é Per cent,
hater ' 1,0%
kasoline 410° ¥, 34.2 20.0%
Kerosene 410 --- 572o ¥, 24,4 36.5 %
Euel 0i1 | 572 -—- 6800 F. | _16.5 aas

Above 680 degrees Fahr.,, or after all fuel oil came
off, the residue began to decompose with copious non-

condensible fumes., The residue was a hard, black semi-
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solid, and was not soluble in benzol, but was soluble in
pyridine., The liquid part was soluble in benzol.

The gasoline and kerosene fractions from the above
distillation were taken and distilled together., The frac-
tions were collected in four parts as shown in the following
table:

Description of
Temperature Amount c.c, per cent fraction
& Light yellow, chang-
210" ©, 15.8 27.96 |ing to deep red colon

on standing
Orange or medium red

28 - 300° c. 25,1 44,42 |color deepened on
standing
(6]
300 -- 320 C, 567 10,08 |Red, did not change
' color

11 amount of residue remained in the flask, resembling
eavy lubricating oil, deep red color,

The work done in the laboratory on the lagle Ford
shales was thorough enough to draw definite conclusions,
The method of retcrting was of the simplest type. The kind
of retort used in any distillation is the most important
factor. Letl us éonsider what might be expected to happen
if 0il shale is distilled in a retort such as was used in
this laboratory. Let the retort be almost full of crushed
shale and a strong heat be applied at the bottom und &all
around the lower outside, The shale next to the walls dis=-

tills while the interior portions and top are still com-
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paratively cool. The outside shale will become carbonized
and spent, shrinking somewhat from the walls, while the
interior portions continue distilling. The vapors from the
interior portions will seek the easiest channels of escape,
which are through the hot spent shale and up against the
hot walls through the shrinkage space. The conditions are
thus seen to be unfavorable for producing the maximum yield
of 0il. Unsaturates and gas will be formed in undue amount,
at the expense of good o0il,

It was not the purpose in the beginning to determine
the exact amount of o0il, gas, and ammonium sulphate con-
tained in the shales, but to determine whether or not they
could be called "oil shales" and mined and retorted as such
on a commercial basis. It is the opinion of the writer
that the Eagle Ford shales do not contain sufficient o0il to
be worked on a commercial basis,

From the results obtained in the experiments it
seems that the amount and quality of gas might justify
further investigation; The gas represents the uncondensed
portions of the vapors. 1ts composition varies with the
nature of the material retorted, temperature of distilla-
tion, and the efficiency and nature of condensers., The
following gas analysis of an oil shale is given in the

"Jour. Soc. Ch. Ind.," 1897, p. 983:
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Carbon dioxideewecrrreccccccran- ——- 22,08%
OXygeNe-—rreccnmcrenncanncanncan- 1.18%
Heavy hydrocarbonge---- cmmmeem———— 1.38%
Garbon monoxide ====-=- e ———— 9.777%
Methane -«=--- e R et - 3¢70%
Hydrogen e-eceeccccccncac-x cemmmmeme  55,56%
Nitrogen -eec-succcencccccnceccann - 6.33%

It will be seen that the above analysis does not
differ widely from those c¢cbtained from the gas of the Eagle
Ford shales,

The following discussion is given by Mr. L. ¥. Mzurek,
of the Department of Chemistry, of the University of Texas,
by whom the analyses were made:

This shale 0il gas offers several contrasting points
when compared with other commercial gases. First it is
unﬁsually high in hydrogen having an amount that is appro-
ximated only by water gas such as produced in the Loomis-
Pettibone producer, It is low in methune as are most arti-
ficially produced gases. In contrast to its methane con-
tent we may take natural gas which usually has as much as
90 per cent of this constituent. The gas runs much higher
in carbon dioxide than the ordinary gases indicating pro=-
bably that incipient combustion of some of the hydrocarbons
had taken place during the distillation. Ordinary pro-
ducer gas is charzcterized by a high nitrogen content,
naving as much as 50 to 60 per cent of this constituent,

whereas shale 0il gas will average a nitrogen content of 14
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TABLE III

Gas Analysis

Fanis 713 ten Té’:ﬁ"iiii‘iﬁteq cga__“?‘iﬁ,; s & By, of SoHe CH
No. 1 1330 | 212 == 686 27,3 3.2 [157 [egse0 | 3.4 T2t [3.4
Nou 2 2141 | 212 == 750 g0 1ascl 86 Bre Lod |54 |55
No. 4 2141 | 212 «+ 640 30.8 | 2.3 |2.6 |28.00 [11.1 4.6 | 4.1
No, 5 No Adata i

Hoo Ba il & . | sen - 600 o ameer D27 1 @2 B32ss [13.8 [1.60 |46
B 6 o o Temee s e sl B Fadeg [1048 JRa6 | 248
No. 3 363 212 -~ 667 312 o2 2.6 |5549 1.5
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per cent, This nitrogen and carbon dioxide serve as
dilutents and add nothing to the heat value of & gas.

They are, however, constituents sometimes desirable in
power vork due .to their flame retarding capacity. The
illuninants, that is the unsatureted gases known as ole-
fins, are two or three times as high in the shale 0il gas
as in ordinary producer gas and might cause trouble due to
their tendency to produce a luminous, smoky flame. The
oxygen content is low as it should be and is probably due
to the air in the retort and in the shale itself,

The characteristic and extremely disagreeable odor
of the gas is probably due to the products resulting from
cracking in the distillation process. The temgperature
during the disgstillation runs fairly high and cracking of
the petroleum is almost sure to occur especielly if the
distillation is carried out dry. The unsaturated «consti-
tuents in the gas give an cdor. The high sulphur content
of the o0il, over three per cent, would possibly give a
high sulphur content in the gas. Sulphur compounds usually
possess a disagreeable odor when found in cils and such
compounds would also add to the odor of the gas. The gas
obtzined from the Hagle Ford possesses the following

special charecteristics:
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ror use as power:

l., Too snappy (high in hydrogen) for gas engire vork,

2. Should not produce excessive carbon deposits.

3. Could be mixed with natural gas which is rich in
methane and makes an idewl power gas, being rich, pure, and

rather slow burning.,

4, Coming from a source rich in sulrhur, the gas is
rich in sulphur which on burning goes to sulrhur dioxide
which will do no harm while the engire is running, but when
the engine is stopped reacts with the water formed from the
burning of the hydrogen to form sulrhurous acic which cor-
rodes the cylinders.

As an illuminating gas:

1. Heat value too high (rich in hydrogenj,

2. Flame wvould be luminous but a great dezal of heat
would be wasted.

3. Small amount of unsaturates vwould not be likely to
give a smoky flame,

4, Low in methane, which is a very good illuminating gas.

For heat production:

1, Relative low heat value as compared with the standard
value of 575 B. T. U. per cubic foot as adapted by seventeen
states in 1917.

2. Relc.tively little smoke producing constituents.



3. Should burn with a clean flame,
4, Large hydrogen content lowers the heating value
somewhat, due to the formation of much water vapor which

is not condensed where the heat is utilized.

Average gas analysis on 100 cu., ft. o1 gas for combustibles,

Methane 3.6 x 1010 equals 3635
Ethane 2.4 x 1764 v 2240
Cco 8.1 x 323 " 2609
Hydrogen  37.8 x 326 W 12340
Olefins 1.9 x

1590 " 020
2%844 B. T. U. per 100

cu. ft. gas at 60 degrees C., and 30 ins. of mercury
pressure,

This compares with other gas values as follows:

Natural gas (ave.) equals 1000 B.T.U. ner cu,ft,
Blast furnace gas 5 90

Producer gas a 145

Water gas i 300

Ether " 3264

Shale 0il gas " 258.5

at 60 degrees C, and 30 ins. of mercury pressure,
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CONCLUSIONS

“small size® shale produced more oil than

the larger particles,

(b) The
gave a greater
(c) The
dry.
(d) The
had nothing to
| (e) The
600° F,

use of steam with the "large size" shale
recovery than when distilled dry.

specific gravity was higher when distilled

rate of increase of temperature apparently
do with the results of distillation,

greater bulk of o0il can be extracted below

(f) The use of steam increases the amount of

ammonium sulphate.

(g) The

amount of permanent gases per ton . of

shale is just a little less than the average amount for

"the Colorado shales,
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PLATE XIII



PLATE XIII
Figures 1, 2, 3. I¥ish teeth, natural size
Yigures 4, 5, 6. Kish teeth, x35.

Figures 7, 0, 9. Fish scales, x35.
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PLATE XIV



PIATE XIV

Figures 1, 2. fextularia globulosa mhrenberg, x35.
different individuals,

¥igure 3. <Cristellaria (?) sp., x35.

Figure 4. Globigerina cretacea D'Orbigny, x35.
a. ventral view; b. dorsal view.
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Kaef Kbd g

LEGEND

SURFICIAL ROCKS

SECTION
SYMBOL

SHEET
SYMBOL

Alluvium
(silt of the present
river valleys)

R
PLEISTOCENE

Terrace
ravels
(gravel and sand,mostly
includes Ondon
‘reek fbrmatwn of eal -
careous and gravel, )/

Nu

\
L Nu
Uvalde
formation

(upland gravels,composed
mostly of ftint )

NEOCENE

SEDIMENTARY ROCKS

SHEET
SYMBOL

SECTION
SYMBOL
—~

El

Liytton
formation
(unconsolidated olay and

sand with some

sandstone beds ) J

5

EOCENE

Kwyv “I'r(wv

Webberville
formation
i black shaly olay with
occasional arenaceous
Llayers)

o .

i
Saint Elgho
Nu

A ];Vi 7 Zz' . !.'

g

Gulf sertes

Taylor marl
(bliish unctious
marly clay,)

Ka Kaef

Aushn chalk

(white challe,in part
marly)

Combined
with
Austin
chalk

on. sections

Eagle Ford
formation

( laminated clay and
flaggy tmestone)

Kef

Kbd || Kbdg

Buda

hmestone
(massive limestone )

Combined
with
Buda
limestone
on. sections

Del Rio clay

(unctious greenish clay )
lLmestone

Kg
on sections

Georgetown
limestone
(white tmestone with
marly beds)

Kdr

Combined
with
Buda

CRETACEOUS

Ke Ke

S EE ST

Edwards
limestone

5 Miles

L 5 Kilometers

Edition of Dec. |90l

Comanche sertes

white
wﬂbbeds of flint)

Kep Kcpw

Comanche Peak

limestone

( white chalky timestone)

Combined
with

Comanche
Kw Peale

limestone
on sections

Walnut clay

(yellow clay)

Glen Rose
formation

(white and yellow lme —
stone and marl)

Travis Pe ealk
formation

(conglomerate,sand,
L " ond clay) /

IGNEOUS ROCKS

SECTION
SYMBOL

SHEET
SYMBOL

Basalt {
fragmendal

(massive and

CRETACEOUS
OR LATER

Concealed faults
(extension of known

fauldts beneath recent
deposits )




