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Preface

A study of the Woodbine formation wes sug-
gestsd to the writer by Proféssor F.L. Whitney
of the Department of Geology at the University of
Texas in May, 1927. Although the writer has spent
mﬁch time in the field, little has been accomplished
toward the final solution of the problem, and it is
evident that such é problea reguires the full atten-
tion of the worker in the field over a longz period
of time, inasmuch as it is wholly of a paleontolog=-
ieal character, and diagnostiec fossils are difficult
to obtain in a well preserved conditioh.

The writer wishes to express his sincere appre-
ciation to the many gentlemen whom he has had the
privilege of consulting and from whom he has obtained
advice. To Professor F.L. Vhitney acknowledgement is
made and apéreciation expressed for helpful criticism,
advice, and assistance in the identification of cer-
tain fossils. The writer wishes to extend to Mr. M.
B. Arick appreciation for his constant companionship
in the field and the privilege of sharing his auto-
mobile, without which the diffieunlties of travelling
wounld have been vexatious.

The writer desires especizally to thank Dr. E.XH.

Sellards, who kindly extended the privilege of the



use of the laboratory &nd library facilities

the Bureau of BEconomic Geology, asd who has

of

from tine to time suzgesticns, Dr. J.T. Loasdale

for the help extended in making photomicrographs,

and i¥r. W.S. Adkins for nhis valuable advice

assistance.

The writer wishes to stote at the outss

a large amount of the material presented in

paper represents thae results of the work of

and

t that
this

nany

able invectigators of Cretaceous problems, withous

whlch it would be well-nizh iampossiblie to atback

a modern problem in Cretaceous stratizraphy.
P gLap
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THE WOODBINE FORMATION

Nomencelature: The Woodbine formation was named after

a locality in northeast Cooke County, by Robert T.
BiAiTe 1961, Owiby %o She Phew exlstlng Goufheion
created by the indiscriminate use of the term Dakota,
Hill preferred to apply a loecal name, Woodbine, to

this group of sands and eclays. This formation_has a
oomplicated nomenclatorial history, having been origin-
élly described by Dr. G.G. Shumard? as the Tertiary
system in the year 1886, and latef; as the Arenaceous

- : 3 4
and Marly Clay, or Red River group. Hill, in 1887,

designated the group of red sands and varicolored clays

as the Timber Creek group or Lower Cross Timbers forma-

tion. J. A. Taff? in 1892, divided this group into two

formations, the lower, or Dexter formation, consisting

 —
Hill,R.T.: "Geology and Geography of the Blacik and
Grand Prairies,™ U.S. Geol. Survey,2lst Ann. Rept.,
Pt.7, p.294.
2
Shamard,G.G.: _A Partial Report on the Geology of of
Western Texas, p.lav.

3 ' :
>Shumerd,B.F.: Trans. Acad. Sci. St.louis, TVol.l,
1860, p.588.

Hill,R.T.: Ameiican Jour. Sci. 3d.Series Vol.XXXIIT,
Aprll 1887, pp.ZgI-EGI

5

Taff Toh. Thlrd Ann. Rept. Geol. Survey of Texas,
Austln 1892 Do 271.




of a series of lignitie, laminated, sandy clays,

and yellow sandstone; the upper, the Timber Creek

beds, which consist essentially of dark red, fer-
roginous, crossbedded sands, heavy siliceous dark
brown iron oxe, -aed have a characteristic molluscan
fauna. An initial grey clay was désignated EEEE&
In generai, Taff's subdivision of the VWoodbine
was followed by Hillswhé substituted the term Lewis-

 ville for Timber Creek beds, the latter name having

already been assigned to a fiwmation in New Jersey.

The Dexter formation was extendéd to inelude the

Basal clays of Taff..

Character and Composition of Rocks: Hill character-

ized the rocks comprising the Woodbine formation as
7
follows:

The rocks of the Woodbine formation are large-
ly made up of ferrmginous, argillaceous sands,
characterized by intense brownish disceoloration
in places, which are accompanied by bituminous
laminated clays. These sands, like those of
the Trinity division (iiestern Cross Timbers),are
unconsolidated in places, but differ from them

-
Hill,R.T.: '"Geology and Geography of the Black and

- @Grand Prairies,Texas,"™ U.S. G.S. 21lst Ann. Rept.Pt.7,
p.294.

7 «
Ibid.




by containing a greater proportion of iron
and other mineral:salts, which materially
~influence the character of the waters de-
rived from them. The sands, which in the
unoxidized substructure are usnallJ white
‘and friable, contzin particles of iron oc-
curing as vlauconlta and pyrite. These
minernls oxidize toward the superficies,
and their solutions consolidate the more
porous beds of &and into derk-brown silici-
ous iron ore, occuring in immense quantities
in certain localities. Other beds of sand
break down into deep, loose so0ils. These
support & vigorous timber growth and are
especially adapted to fruit erlture. The
lays are usually sandy and sometimes bitumin-
ous, althoughin some places, as near Deanton,
of sufficient purity for malking stoneware.
They occur either as extensive beds or as

laminae and thin strota interbeddsd in the sands.
The presence of fossil vegetation, such

as leaf impressions and lignite, distiaguishes

the beds of this division from the other forma-

tions of the Upper Cretaceous and attests its

shallow water littoral origin.

Relations and Thickness: The Voodbine formation
fésts unconformably on either the Main Street8 lime-
stone or the Sreyson marl in Torth Texas, but in
Central Texes it rests upon either the Buda or the
Del Rio. The upper beds of the Woodb ne were thought
to pass by gradual transition from sands into sandy
clays and fin21lly into bituminons clays of the Zaglse
Ford formation, and Mill accordiqgly established the

—

Dumble, ®.T.: "Geology of Zast Texas," Univ. of Texas

Bull. 1869, p. 19.



top of the Voodbine formation at the first occur-
rence of B 5zra columbella Meek, a Colorado mollusk.
At two localities in North Texes, the contact of the
Woodbine with the Grayson marl was noted. In a run
on the south side of Chottaw Creekx two miles east of
the Denlson and Bonham road, Hi11noted a thickness

of twenty feet of purplish blue lignitic clays in con-
tact with the Grayson marls. On the north bluff of
Dgnton creek valley about fifteen miles east of Roan=-
oke, Dgnton County, Hilllonoted

distinet disconformity between a Buda-like
formation of limestone with characteristiec
fossils which oeccurs in the top of the Gray-
son marls and the base of the Woodbine forma-
tion,

whiéh was interpreted as

" settling the question of the identity of upper
terminal beds of the Comanche series of North
Texas with the Buda limestone of the Austin
section, and that the Voodbine formation lies

- completely above the latter and is not contem-
poraneous with it...

11

W.S. Adkins™~ ‘has cited the occurrence of Buda lime-

 —
Hill,R.T.: ™Geology and %eozraph~ of the Rlack and
Grand Prairies,Texas," UsSsG.8< Blet AAnJRep.Pt.7,
p.300.

10
Bf11,R.T.: "Purther Contribubions to the Faowledge
of the Cretaceous of Texas and Northern Mexico,
GeSeAe Vo0l.84,p.72.

11
Adkins,W.S.: "Geology and Mineral Resources of Mc-
Lennen County," Univ. of Texas Bull.2340,p.65.




stone in wells below the Woodbine formation in the

Groesbeck and Mexia oil fields, Limestone County.

The sequence of beds of the Woodbine formation

between tne Trinity and Red River is cuoted from

12

Hill.

1. The lowest beds are usvally of impure clay,
which is often sandy and lignitie.

2. An extensive formation of yellow ferrugin-
ous sandstone and brown silicious ironstone,

in which impressions of dicttyledonous leaves
are gsometimes found. These are the Dexter
sands of Taff, '

S. Lignitic sandy clays and sands, frecuently
accompanied by sulphate of iron, magnesian salt,
etc. The sands also oxidize into heavy, sili-
cious, dark-brown iroa ore in places. The sub=-
division is characterizzd by an extensive mol-
luscan fauna, which is elsewhere allvdzsd to and

which may be characterized a4s the Aguileria

cummninsi zone. These are the Lewisville beds.
4, Less ferruginous sands and clays, and in
places more calcareous and fossiliferous, grad-
nally passing into the bituminous shale of the
Bagle Ford formetion. The upper limit of these
beds ends with the zone of Ostrea columbella °°
Meek.

At the Acme Briciz Pit, Dentoa, Tex=as, the fol-

13
lowing section was noted in the Woodbine formation:
Teet
5. Lenticular mass, four members
overlain by a red sandy clay.... 15
4., Light colored limonitic argil-
16 6e0NS MEMBEL, siwsss sorsd0 s ss st - 7
Os Ref gandslbof® jssessissvisssnine 5
2. Light colored limonitic argil-
1808018 MEMDELr sseesvsnnsncsnsns "

Iz

Hill’R.T., U.S.GQS. let A.[lll. RePQPt-’?, po297

13

Winton,W.M., and #Hdkins,W.3
County,™ Univ. of Texas Bul

«: "Geolory of Tarrant
1.,1931,p.76.




1. Grayish sandy argillaceous member,
containing several bands of almost
bl&ck Sandstone coovoonoco-.o'na-oo

14 :
L7 feet
Fragments of plants and dark dissemenated
specks and fragments of charcoél are freely dis-
tributed through the middle portion of the exposure.
Dari bituminous massive clay was noted at the base
of an open cut where material was being excavated
for brick. It is reported that a test hole. struck
a hard limestone at eighteen to twenty feet below
the surface at the pit. This limestone is inter-
preted as a hard layer-in the fGrayson formation.

The top of the Woodbine formation at Tarrant
Station, Tarrant County, is sharply defined. Ad-
kins aﬁd Wintoﬁ4 noted the ocevrrence of a brack-
ish water fauna in the uppermoét sandstone ledge
at this loeality, to the accuracy of which observa-
tion the writer will testify. The following assem-
blage of mulluscan fauna was found in a shell brec-
cia at Tarrant Station, in a draw near the first
railroad bridge west of the Dallas-Taresant county
line:

Barbatia mieronema Meelk

Ostrea solenliscus Meek
Ostrea carica Uragin

Exogyra €p.
Ostrea sp.
e

Ibid.




The dark blue, bitnminous, laminnted shales
of the hasal Eagle Tord formation rest upon this
shell breccia.

"
Hill has noted the occuvrrence of
yellow decomposing bands of limestone in beds
of 6 inches alternating with shales contain-

ing Cyprimsria, Ostreca soleniscvs, Arca, and
Bxozyre columbella )

at Cook Springs between Denison and Sherman, Zray-
son County.

The oodbine formetion is expo=ed in the cut
on the Pottsboro cutoff of the Missouri-Xansas
Texas railroad abont for: miles northwest of Deni-
son and eight miles from Pottsboro. At this point,
the beds of the upper Washita ~nd lower Woodbine
are tilted to steep angles, incident to their hav-
2 been wrapned around the southwestgrn limb of
the Pottsboro nose of the Przston anticline. About
three hundred and'fifty feet northeest of the wooden
bridge that crosses the rai lroad 2 six inch layer
of limonite-replaced mnlluscan fOSallS were seen.

Railroad Cut on Pottsboro Cutoff of NMissouri-

Kansas=Texas Railro=d about four miles north-
west of Denison.

"Woobine formation: - - Feet Inches

16. A bed of mottled yellowish
brown areniceous Clay s.eeee 10 0

Hill,R.T.; U.S. Geol.3ur.,2lst Ann.Rept.Pt.%,p.%01




15.

14,

13.

12.

11.

10.

‘o
.
(0]

ot

Inches

A bed of sandy, yellowish-

blue-grey cl=ay somewhat

more arenaceous than the

lovier bed. This bed grades

upward into a yellowish-

brown, soft sandstone.. Above

the sandstone there is a bed

of fine-grained, soft yellow-

ish sand containing numerous

iron concretions. This bed

2lso is mottled red by ferrie

oxide gtaing. (Bstimated thick-

ness) PEPadliiiiiiereeecneeenes 41 7

A bed of yellowish-blue-grey

sandy clay conbaining small

masses and concretions of li-

monite which form several well

defined laygers near the top.

The top of the bed is nmaried

by a ferruginous shell bed

four inches in thieckness, and

which contains numerous pele-

cypods and gastropods. (Esti-

mated) ® 5 000 000 0000 00000000 e 62 5
The apparent dip is 3°10°.

A bed of sandy clay with alter-

nating beds of soft ferrugin-

ous sandstone ranging in thick-

ness from two to four inghes... 12 6
Te apparent dip is 35°.

A bed of red to brown soft

gandstoneicsesssssossscscenncss & 0O
The apparent dip is 359

A serieg of alternating heds

of red sandstoze from 2" to

18" in thielzness separzted by

thin beds of sandy gray shale

averaging about 2" in thieck-

ness. The sandstone beds are

prominent in the lower part

while in the upper part the

shale becomes thicker contain-

ing, throughout, veirs and

masses of impure_ limonite.ss.. 22 8
Apparent dip, 850,



lo.

6o

o
L ]

FPeet Inches

A layer of cross-bedded, len-
ticular, white to red sand-

stone contairning thin veins,
bands, and segregations of

impure limoniteececcecsssces 8
A bed of lizght buff, sandy

clay alternating with a bed

of grey sandy clay. above

this is another layer of

light buff colored sandy elay. 7
A laysr of cross-bedded, mas-
give, yellowish-brown friable
sandstone; thin bands of fer-
ruginous sand in base; color
grades from yellowish-brown

in base to light yellow ia top 14
A layer of massively bedded
grayish-white sandstone with

a more or less irreghlar con-
tact on upper surface with
overlyirz yellowish-brown
58NASt0NE sececesvsccccsccnne 3
A bed of yellowish-brown clay
grading upward into a light
yellow at the 0D eeeecevees 13
A bed of pure yellow clay grad-
ing upward light blve to dbrown=-
ish-red._00..000..000....... 15
A bed of gray massive irregu-
larly bedded sandstone contain-
ing, at the base, a thin band

of yellow ferruginous sandy

CIay ® O @ @00 00000000 000 P00 ll
A thin bapd of ferruginous

sandy clay conteining thin

layers of impure limonite
black-blue in color with a
metallic 1USbeEr sesvsnsensns i
A bed of lead colored clay
containing bands of light

yellow ard red clay grading
upward into alternate beds

of brown and lizht gray sandy
Clay @0 0es0cseecscssccscsscscens 5
A bed of yellow to brown clay
grading upward to & thinly
lamipnated blue to grey clay

shale containing bands of

blaelr carbonacecous material

and bands of red elaFececscs 10

Total thickness of Woodbine 243

10

10

11



Grayson formation:

1.

& bed of yellowish . white
marl with layers of eclear-

‘ly defined limestone nodules

containing a larze number of
Gryphaea mncronata and Tur-
rilites brazoensis and Temi-
8STET SPe sescecsscoscasases

Total thickrness of Grayson:

Main Street Formation:

12.
il.

10,
9.

6

S

S

A layer of marl containing
flags of limestone sesceccen
A layer of limestone more
arenaceous than the lower
layers; otherwise similar to
them; very fossiliferous.
Foosils~ Exogyra arietina;
Ixogyra plexa; Kinzens Waco-
ensls......l......l.‘.......
X Thin layer of marl similar
to 5. Kingena wacoen@iS..se..

A layer of limestone contain-

ing numerous Xingena -wacoen-

sis. Otherwise 1t 1s similar

03 ® 9 Q6 0 66000000 00009 N 00 e

A thin layer of marl similar

to 5 containinz fossils which
are caleitized to some extent.

Kxngena wacoensis; Exogyra
IQXC& ® 0 8 60000 0009 0000 SIS
E Iayer of limestone similar

to & COﬂ«&lﬂlﬂo Txogyra plexs;

Feet

Zxogyra arietina; Ostrea guadru-
P ica a; Peeteﬂ Spoonooooooo

A thin layer of marl similer
to 5 with Pecten sp.;Lxogyra

arietina; Exogyra plexa ....
K Iayer of limestone gimilar

5 with Exogyra arietina; Zxo-

lexa ® 9 6000480 0000000000
% Thin leyer of ferruginous,

sandy marl, with Exogyra

PleXa seeeeccssceecviacoronns

A layer of ferruginous, aren-
aceous, white, coarse-grained
limestone which turned yellow

on exposure. Xingene wacoensis

Bxogyra glexa Ve aee®s ¢eé

10

Inches

18 4

18 4

1 4



1l

Teet Inches
2. A layer of marl containing
Exogyra arietina; Zxozyra

lexai'-.co-oo.u.-oooooooooo 6
1. i.Iayer of impure, bluish,
semi-crystalline limestone
containing irregular veins

0f celeibte savcasssnnsnnie 1 X
Total thickness of Main

Street cesensvssasn 12 3

It is not possible to measure the entire thiclk-
ness of the Dexter sandstone or the Lewisville beds
on surface exposures'owing to the great variability
in dip planes, which is doubtless due to cross-bed-
ded nature of deposition. Stephensonlehas noted that
the Woodbine formation is nct less that three hundred
to four hundred feet in thiclkness in JFrayson County;

a well drilled at Ledonis in the southeast corper of

at depth
Pannin County penetrated,betveen 1800 feet and 2425

feet about 625 feet of sand and clay which is inter-
17
preted as VWoodbine age. Hill assigned the follow-

ing thicknesses to the VWoodbine formetion at the lo-
calities indicated:

Aquilla Creel, northern lclLennan County, 45 feet;
Cottonwood Creelr, northwest of Hillsboro, Hill
County, 95 feet; :

Fort Worth, Tarrant County, 300 feet thick;

Denison, Grayson County, 500 feet thick;
Clevurne, Johason County, 200 feet thick.

T
Stephenson,L.ii.: "A Contribution to the Geology of
Northeastern Texas and Southern CxlahomalU.5.G.3.
PI‘Of. Paper 120"1{., p.145.

17
Hill,RoTo: Tede Go Do 21st Ann.Rep.,p.396.
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A well drilled by Benker's Trust Company five
and one half miles southwest of Blooming Grove,
Navarro County, penetrzted about three hundred
and‘forty-one feet of sediments assigned to
ioodbine age%s

Stephensolghas indicated the relationship
of the Woodbine formeation to mnderlyinzg forma-
tions in southeast Oklahoma and southwest Arkansas,
where the sands of the Woodbine transgress from
‘west to east over lower 2nd older formations of
the Iower Cretaceous until they rest upon the sands
of the Trinity division in southwestern Arkansas.
In the light of this fact, the Wooﬁbihe-formation
Soeordinely Was regardeé as the beginning of the
Gulf series of sedimentation.

Bastward from the westernmost feather-edge
belt of outerop of the Woodbine sands, basal dark
bituminous shales ocenr between the red sands of
the Woodbine and the flags of the Eagle Ford.

Inliers of Woodbine formation have been ob-
gserved at meaay localities removed & number of miles

from its belt of outcerop. At Palestine salt dome,

Records of Bureau of Zconomic Geology.

195tephenson,L.W.: A.AlP.G.,Vol.11,%0.1, p.3.

$ -
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eighty-five miles east of the main belt of out-
erop, the VWoodbine formation is lifted fully five
thoﬁsand feet above its normzl position; a small
amount of heavy gravity petroleumzowas recovered
from fhe Woodbine formation at the Xeechi salt dome,
whzre the VWoodbine formation was similarly uplift-
ed.ZI )

Relation Eg Tmast ulf Coast and Western Interior:

The Woodbine formation was first referred to
>RV

o : ' 2
the Dakota“zformation by Dr. C.A. Tmite.” It is
now,on ths basis of floral content, related to

the Tuscaloosa formetion of the Bast Gulf Coastal

24 ;
Interior.: Of forty-three species of plants studied by

Dr.R.ii. Berry from Arthur's Blnuff, Lamar County,
twenty-two species are common to the Tuscaloosa,

five are common tc the IZutew, and ons extends up

4

to the Ripley formstion. t seems clesar that the

QU

Prodvcers 0il Company,lo.l Rarrstt and Greenwood

produced between one 2nd two barrsls of heavy

gravity oil from a sand found at 1686 feet.
21

Dumble,B.T.: "Geology of Bast Texas," Univ. of
Texas Pull. 1869,p.19.
Zmn 1 .

The term Dakote gronp was first used by F.B.lee:

in his description of ths licek a.d Hayden section
,of the Cretaceous of Iebraska Territory.
2%¥nite,C.A.: Proc. Phila.icad.Sci. 1887,PtI,pp3o-47.

————

AV}

24Berry,E.H.: "The Flora of the Voodbine 35214 at
ﬁrthurgsl§%uff,Texaﬂ," Ue3.%e8. Prof.Paper 129 3
=L Qe

e 88587
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Tuscaloosa and Woollbine formstions are equivalent

at least in part. Thirty species of the flora are
ecommon to the Dakota, and of the thirty, all but ten
are forms of true Dakota flora.

Berry believes that the Tuscaloosa bears the
same relation to the Butaw as the %YWoodbine does to
the Zagle Ford and the bakota to the Benton.

Berry is inclined to consider the Woodbine flora

¥

as Turonian in age.

Areal Extent: The most eastern extension of the Wood-
bine formation was noted at lorris Ferry on Little |
River, Little River County, Arkansas?5 The lower Bin-
gen of Veatch is the eastward continuation of the Wood-
bine and shouldtproperly be referred to it in the Ark-
anses section.'%a
The red sands of the Woodbine follow thé northern
‘and western outerop of the truncated prism of Coastal
Plain formations, extending farthest south to‘Bosque—
ville, McLennan County, where they have a thickness
of about two feet. The unconsolidated sands give rise

to a characteristic growth of post-amak and black-jack

timber, which has been designated the Eastern Cross
Timbefs. '

a
zsstephenson,L.W;: Bull.A.A.P.CG.,V01.11,%0.1,p.3.

26Hi11,R.T.: U.5. GeS., 21st Ann.Rept.,p.298.

~ e

27il1,R.T.: Geol. Soc. Am. Vol.V, 1894, p.312
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Fear Covington, Hill County, the red sands

are parted with an horizon of dark clay which in-
creases in thickness south, 2t the expense of the

ands. This dark clay horizon has been regarded

as embending to the latitude of Austin, and it has
been the efforts of the writer to determine if such
relationship exists between the Avstin ssetion and
the Aquilla Section.

The red sands of the Voodbine are immediately

under the flags of the Bagle Ford formation along

the western belt of ountcrop, and wmay ve geen along
thislbelt ag far sonth as Aguilla, northern LicLennan
County. 3South of Bosguevills, the r=d sands attenunate
and disappear. The most sountherly ocenrrence of
diaznostic Woodbine fossils are found at Bosqueville,
whers a typical Lewisville fauna occurs in a solid,
very hard sand rocik cemented with lime. Much of the
hard "Bosgueville rock"szas disintegrated and eroded
away prior to deposition of the overlyinz formations.
that the
the basal

Central Texas Relations: It was thought

Voodbine shales could be correlated with
dark shales of the Zagle Tord at Austin on the basis
by

ARkins,W.3.: "Geology of Melsnnan County,",Jaiv. of
Texas Bnll. 23540,p.56.
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of occurrence of mieroscopic spool-shaped calcitic

bodies possessing rhombohedral'cleavage which have

been variously refered to as "erinocid arams,™ "pin-

mles of erinoid arm," "Lithistid sponge spicules,”
and "sponge spicules."™ These bodies will hereafter
be designated "sponge spicules.™

For conveniénce , the two types of "spicules™
éommon in lower Fagle Ford will be designated type
"A" and type "B", the former being the spool-shaped
body and the latter the drum-stick shaped "spicule'™,
as indicatéd in Plate I.

-These "sponge spienles™ oceur profusely in the
lower bituminous shales of the Bagle Ford formation
at Bomnldin Creekx, Travis County._ A thorough search
of the seetion at Aqrilla proved negative with respect
to discovery of any "sponge spicules™ whatever.

The following microscopic characteristics were
noted in the samplss collected from a brick pit.on
 Aquilla Creek, about three-fourths of a mile north
of the McLehnan-Hill County line, below the REagle
Ford:

17. 2 feet below Bagle Ford flags:
Sample consists of rounded guartz grains, with

fragments of selenite, red and yellow limonite,
pyrite, amber like fragments, Globigerina sp.,
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hematite, Inoceramus prisms.
11. 3 feet below magle Ford flag

Sample same as abOV°, with adiltion of hexa-
gonal prisms, and chitinous substance.
10. 4 feet below Eagle Ford flags:

Sample consists of twin monoelinic crystals
of selenite in abundance; gunartz grains rounded;
red and yellow limonite. HCl on sample produced
very sllcht reaction.

9. 5 2-6 feet below Eagle Ford flags:

Sample consists of rounanded quartz grains in

abundance; selenite. =€l produced no rzaction.
8. 63-85 feet Pelow Bagle Ford flazs:

Sample coansists of subanguler quartz grains

in abundaqce‘ limonite. HC1l produeed no rceaction.
Ts 92 - feet:

oamp_v, fine silt predominated; limonite. lMost

of sampl washed away. HCL Drodvnﬂd no reaction.
6. 102-11~ feet:

Sample, red and yellow limonite and rounded

quartz grains about equallv dlstrlbuted.
5. 1lz-14 feet:

Fine silt in predominn~ce; red =2nd yvellow limon-
ite; few angular quartz grains noted. HC1l produced
no reaction.

4, 14-15 feet:

Sample, very fine grains of svbangular quartz

cemented w1tq limonite and arwlllaceouc material: -
sslenite.
S 15=-17 feet: .

Sample, very fine grains of subangular cuartz
cemented with limonite or argillaceous mat°rlal
selenite; fine silt; limonite. HC1l produced no_re-
action. ’

2. 16-18 fes
Same as above with addition of amber,
1. 18-21% feet:
© Same asg above; few glistening non-magnetic black
specks noted.

3ince the inception of search for the "sponge
snicules" in the Aquilla section, bodies of very
similas; form - mave been found in the upper part

of the Washita division at Austin. The sionge spicule,

type "BY are present in the upper dark shales of the
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Bagle Ford on Brushy Crzelz, northern Travis County,

and very similar objects heve been found in the Navar-
ro formation by Miss Oleta Richey. The identity of

the "sponse 8picules™ has nst been definitely establish-
ed.

Section at brick pit on Aquilla Creek, three-
fourths of a mile north ¢f the keclennan-Hill
County line. ,
Total thick-
Feet ness to bot-
tom of strata
Bagle Ford flags containing Ostrsa Fee
carica (9).
117 YeTlow cley mixed with surface
WaHs e s anwaznsiesosiesnEsSiemE o 1
10. Gun-metal color clay-shale
and vebbles of red sandstone.
Badly mixed with surface wash. 1 2
9. GJun-metal color clay-shale and
lizht yellow to orange fine
SANA cecesesssacssccsscsncssces 2 4
8. Orange to lizht yellow friable
fine sand and light zrey clay

in subsidiary amounnt..eeseeeee 1 6.5
7. Orange to red and vhite fine

grained sandstone and silt ... 1 75
6. Light grey clay and fine yel-

low SanRd. eccsesccccscccssssecs 2 9.5

5. Same as above, with indetermin-

able plant imprints; Corbula

Sp. ® 0 0 068 00000 0000 & 000080t oo l 10.5
4., ILight zrey clay and subsidiary

qauantity of fine yellow and

orange colored send, with Core

bula sp., charcoal, small Ta-=

distinet Turrilite (%),Mantel- )

liceras (?7) and voldia Sp.... 2.5 1%
3. ©Same as above, N0 1O0SSilS eeee 1 14
2. Same as above; indeterminable

plant imprints a2nd limonite con-

Freblons. ssssisssmsspsannmsan & 15
1. ILight grey shale with small

quantity light yellow fine sand

and limonite concretions, and

indeterminable imprints of
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plants; selentte inclu-
SiOnS 0 0000 00 00000000 e 0o 17‘5 ) 52.5

There is no definite paleontologic evidence
that the dark shales at Lquilla arerf'Wdodbipe
Bgt. KENGE TLa Teinast e ey aas Ao, fuok fhat
of the Woodbine, which relation estéblishes their
age as Woodbine. Dark shales can bé traced south
bencath the Eagle Ford flegs from Hill County to
Aquilla, and as far south and west as Austin via
Bell Courty. The dark, bituminous shales below
fhe flags of the Bagle Ford near Midway in Bell
Countj are below a horizon containing Acanthécéféé

28
sp., the Buda being absent, and the shales resting:

over the Del Rio formation. At Avstin, the dark
shales of basai Eagle Ford lie &n contact with the
Buda, which shows evidences of erosion of the top
~surface. |

Cottonwood Creek section, northwest of Hillsg-
boro, showing upper pert of Woodbine formation.
(after Hill)% Thickness
to bottom
Thickness of strata

13. BEagle Ford clay from the
parting upward,few feet ex=- - '
posed 8 0000 0cs s 00t 0cs00 080000 lO 10

12. Peck S804 secscescsesces 10 . 10
11. Clay and sand, alternat-- ‘
inz in Phin beds cscossnases 15 - 25

10. Sand and sandy clay, which
bear great numhers of QOstrea and

28‘\"‘\

ZeH. Sellards; L.W. Stéphenson, personal communi-
¢ation. ; '

29 }i11,R.T.: U.5.G.S.,21st Aan.Rept.,p.310.
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bivalves of the Timber Creek

. beds te0s00006s0s0c0000000000 6 Zl

9

8

o
6

. Arenaceous clay, varying in
thickness of layers and per-
centage of sand and clay.... 10 41
« Slightly arenaceous laminated
blue ClaY esssvosnsnssesenss © 10 51
o« Stratified pack sand ceeeee Lo} 56
. Arenaceous, laminated blue

Cl&y @020 0000000000000 000008 4 60

- 5. Soft,false-bedded sandstone B8 ' 68

4

« Laminated sandstone ceeeeces 6 j 74

3. Laminated elay and sand, equal

Proporbions sssssvenscssnsse 10 84

2. Very arenaceous, finely

laminated Clay cecccescccas 3 87

‘1. Soft pack sand cceceans

The above section contains Lewisville fossils.

Certain resemblances with the Aquilla section can

be seen, such as the predominating sand at the top

of the section and the‘occurrence of brackish—water‘

fauna.

Jim Edds No.i well, Three States 0il Company,

Standard rig. Elevation, aneroid barometer from
Belton, B.H.S.EX¥ev. topog. map; 550 feet.

Samples and statement of Eggs indicate the fol-
lowing approximate record;

» 30

Shals and marl (Taylor) 0-390 feet

Roecks alternating hard and -
soft, alternating light 390-800 feet
and blue in color (Austin)

Black shale "Pencil slate™

(Eagle Ford) . B00-850 feet
Hard lime (Buda) ‘ .

Samples of the Black shale show that it
is the Bagle Ford. A granite water worn
pebble about one inch in diameter is said
to have been teken from this well from the

* “ Records of Bureau of Econonic Geology



base of the Eagle Tord. DProof that the
pebble came from the well is not conclus-
iva although it is sc=id to have come mp
in the bailer.

Samples examined from the Cerle- shaft, Bexar
County, show essentizlly a similsr assemblage of
fanna as the Bonldin Creek Fanna.

Sample three feet from bottom oi Carle - mine:

consists of Pryzoan (?) "sponge spicules”

type "aY and“ﬁﬁ; flobotrurcana sps; Opercu-

lina sp.; Anomalina sp.; & large object siui-
o) raB TAW SRAAoe s 1y e o
1ar to Type€ "AN spoaze spicvle was perforated

sinilgr to Brzozoa.

The basal Eagle Ford at San Marcos is ess=ntial-

ly a light yellow clay. o petrolifsroucs or dark
colored shales are present a2t that locality.
Section of basal Zagl

(=]
trance of Cepetery et ;i
of town.”

Tord at sonthwest en-
n karcos, sonthwest
Test Inche
b. Flags, 3/4 $0 2% 10CN8S, eeecveees 6 5
Bs CLBY ssncsinssnssssssssssiusssssss B
Buda limestone
FPirst Bentonite layer was iz top of clay;
econd Bentonite layer was 20 inches above the
top of clay;
Third Beatorite layesr was 51 inches above the
top of clay;
Fourth Bentonite layer was 485 inches above the
top of eclay;
Fifth Benteonite layer was 57 ianches above the
top of elay;
Sixth Bentonite layer wes €64 inches above the
top of elay. '

Samples from wellsdrilled in Travis and Bell
Gounties indicate that the Iazle Ford mey rest upon

2L

Measured by Professor F.L. Whitney.
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the Buda formation.

Samples from Hardy No.l,R.R. Penn, loecated
three miles northeast of Rogers in Bell County,
Texas. Elevation 467 gget. Deseribed by G.H.
Clark and O.M. Richey.""

Sample consists of cuttings of dark gray

ealcareous shale and light grey limestone.

Pyrite, calcite and gurartz noted in the

washed material. Globigerina sp.; Pulvinu-

lina,sp.; Textularia sp., ostracods, Anoma-

illne sp., e€chinold spines, and [noceramus

PPiSHE Progent cswvesvisssssssscssssonnss LOOG» -
1348 feet

Sample condéists of a core of brownish gray

limestone in which crystalline calcite was

noted. Anomalina sp. and Textularia sp.

noted in ®this section. No¥e: This core is

Trom the Pull sseesssscssnssssnssesssnsns 2048 Leot

The following samples - from & well that passed
through the Eagle Ford and Woodbine formation in Navar-
ro County is of idterest. This well evidently pene-
trated about three hundred and forty-one feet of Wood-
bine formation. The saﬁples recorded from the upper
porﬁion of the test show marked similarities to those
of the basal blaclk shales at Bouldin Creek. The
"eylindrie orgamic bodies™ recorded from 1467 feet
may be the objects referred to as "sponge spicules™

heretofore.

32

Records of Bureau of Economic Geology.

33
Ibid.
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Description of samples from the Bankers!?
Trust Company's No.l lcCormick. Well lo-
cated 55 miles southwest of Blooming Grove,
Navarro County, Texas. Samples described
by D.D. Christner, J.A.Udden, R.T. Short.

The sample consists of fragments of a core
consisting of two kinds of roek. .One is a
fine-grained, grey calcareous sandstone con-
taining many dark colored phosphatic nodules,
fish bone fragments, fish scales, and impres-
sions of Inoceramus labiatus (?). Mpeh py-
rite is present. The other rock is a dark grey
shale containing many fish scales and an im-
pression of Inoceramus 1labiatus eec.....1290 feet.

The sample consists oL very loosely ce-
mented, friable, slightly calcareous, fine-
grained sandstone containing several fish
scales, some dark phosphatic nodules and py-
rite. Most of the sand grains are from 1/4
~to 1/8 mm, in diameter seeceececeo......1360 feet.

Note: These samples (1290-1360 feet) are
evidently from the Bagle Ford. (D.D.C.) :

A piece of a core of gray, medium grained,
loosely cemented, sandstone containing some
indistinct laminations of a slightly darker
color-thah the main body of the rock. Nearly
all the sand grains are from 1/4 to 1/8 of a
millimeber in SiZ€ eceececesceccsccceeeeldb0=1463 feet

Dove gray clay containing thin layers of
white non-calcareous sandstone. The clay is
of a wery fine and even texture. Some frag-
ments of woody material were noted in the
clay. The woody material has been altered
to charcoal, and occurs in pieces & half inch
long. Black phosphatic grains occur in the
sandy layers., In the washed material some
cylindric organic bodies were noted. These
were found to be caleareous and are clearly
organic. They are about one millimeter in
diameter. A few are somewhat flattened.

Black phosphatic grains and a small fragment
of amber colored chitinous material are also
presen‘t Qooooooaooo'oo-ooooo-ooo....qcl467 feet

Note: These samples (1460-1463 feet and
1467 feet)are evidently from the Eagle Ford
of the Woodbine.( D.D.C. and F.A.U.)
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gray silty clay and a lesser amount
of very fine to fine grained non-
ealecareous, white sand. A very small
amount of calcareous material and some
coricretions of elay-iromn<stone are pre-
sent. In the washed material many small
blac¢k:grains of phosphatic material are
present., The sand grains are of clear
quartz and average from 1/16 to 1/4 mm.
were also noted.Pyrite is present ....1489 feet.
Note: This sample (1489 feet) is evi-
dently from the Zagleford or Woodbine.
(D.D.C.)

The sample consists of one inch of =
three inch core of light greenish-gray,
non~-calcareous, friable sand. The rock
has a dappled appearance due to the pres- .
ence of many very irregular, wavy, thin
layers of greenish clay, Many traver-
sions werermoted running through the core
both horizontally and vertically. These
traversions are filled with lighter colored
sand than the bulk of the rock. These
traversions are found in cross section.

The size of 'the sand grains is as follows:
.6% from 1-% millimeters; 35% from £-%
millimeters; 60% from 3-1/8 millimeters;
4.5% from 1/8 to 1/16 millimeters. -Most
of the sand grains consist of clear guartz.
Rounded grains and crystals of zircon, tour-
maline, rutile, hornblende, and feldspar
are présént. JSome black ilmenite grains
were also noted. According to Bailey, who
determined the mineral grains and crystals,
the amount of heavy minerals in this sand
is unusually large ......1555-1557 feet

A piece of a core of very fine grained,
hard, almost gquartzitic, slightly calcar=-
eous, sandstone. Most of the sand grains
are of clear quartz and average less than.
1/8 of a millimeter in diameter. ¥he sand .
grains are very well sorted ...1575-1577 feet.

Two inches of a three inch«core of
dark grey almost stony marl. Irregular thin
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wavy laminations of a darker material

than the main body of the rock were

seen. Some pockets and irregular layers

of stony marl &re also present. In one

part of the core a profusion of small

fish scales was noted. Shell fragments,
Globigerina sp., Anomalina sp., Textu-

laria sp., end many otner sm2ll Toramin-

ITera were seen. Imprints of vegetation

were noted. ILabelled as "Top of Core™ 1657 feet

Like sample from 1657 feet, labelled
as "Top of Core.™ Very slightly bitumin-
ous fumes were given off when heated in
closed tnbe. Marked as "Bottom of Core"

, 1657 feet

Fote: fThese samples (1555 feet to 1657fcet)
are apperently from the Woodbine. (J.A.U. and
DOD.C. ’

"Four inches of a four-inch core of light
grey limestone containing irregular wavy beds
of dark, impure, shaly limestone. lany small
Exogyra arietina shells were noted.  Several
Tis% scales and fragments of fish plates and
many pyritized shell fragments were also seen.
In thin section the limeston: i: 2tern to con-
tain a great abundance of Qruulina. .azy
spinous Globigerine sp., Textularia sp.,Cris-
tellszria sp., Anomelina sp., ecninoid frag-
ments are present. Pyrite is preseant. 1701 feet

Note: This sample is believed to be from
a limestone layer of the Grayson larl, eguiva-
lent in age to the Del Rio cley (Sample from
1701 feet). (D.D.C.).

Dark shales at the base of the Zazle Ford
formation have also been recorded from Iildam County,
where they are referred to as "lignite."

Bouldin Creék Sectian:. At Bouldin Creek, Travis

Gounty, there is fifteen feet of massive, conchoidly
fractured, :, shale impregnated with petrolemm.
Minute bands of sulphur-yellow decomposed material

are present in the lower four feet, which is eome-
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what flakey and less tight than the upper part
of the section. The top sﬁrface of this shale
is urdulating, being about two and a half feet
from crest to crest of_undulation. Resting im=-
medietely over this shsle is 2 conglomeratic
layer two and one half to three inches thick,-com—
posed of fish scales, fish teeth, Ostrea sp., cop-
rolites, and phosphate pebbles, which has the same
undulating attitude as ths nnderlying shale body.
At one point, a one-inch layer of shell breceia
can be seen about fourteen incheé below the fish-
bed conzlomerate, one extremity of which fades
into & large calecareous concfeﬁion, and the other
extremity runs obliquely upward into another cal-
careons concretion, the dhells disappearing with-
in five inches of the fishbed conzlomerate layer.
See Plate II).The mpper portion of the darXk shale
body is characterized by the appearadce of large
concretions of light Jrey colored sandy calcareous
meterial inmediately under the fishbed conglomerzte.
At Watters Park, Travis County, on Walnnt Creek,
the fishbed conglomerate is seen to pert, giving
way to a calezreous coneretion. 3ome of these con-

cretions have the remains of tree limbs as a nu-
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cleus. The dark shale has fine grains of char-
coal disseminated throughout its thickness. At
Bouldin Creek, Exogyra sp. is present throughout
the upper seven.feet of the shale, and is found
likewise in‘the flags of the Fagle .Ford, in asso-

ciation with Prionotropis sp. five feet above the

massive sheles.
The micero-fauna of the lower fifteen feet of
dark shales was investicsated.

Desceription of samples from Bouldin Creek,
Travis County.

32 feet below Auvstin-zZagle Ford contact:
Sample contains Bairdia sp., Globigerina
sp., Globotruncana sp., Marginullina sp.,
Frondicularia sp., "Sponge spicules”,
type TA™ and "B", fish tooth.

0-1 feet below fishbone bed:
Inoceramus prism; amber-like material;
chitinous fragments; Zlobigerina sp.;
®Sponge spicules™ type TA" and "B";
Marginulina sp.; echinoid spines;
Globotruncana sp.

1-2 feet below fighbone bed:
Bairdia sp.; Gldizerine sp.; angular
quartz grains; pyrite; amber-like mater-
ial; Inoceramus prisms; fish teeth;
"sponge spicules” type MA™ and "BY; pyrite;
hematite.

2-7 feet below fishbone bed:
' ®3ponge spicules™ "A"™ and "B"; 3lobigerina
Sp.; Quembelina sp.; Pseudotextularia sp.

0-1 foot above Buda limsstone:.
Yellow and red limonite; hematite; selenite;
fine silt aggregations.



A horizon of molluskan fonna was fonnd
eizht feet below the fishbone conislomercte bed.
The fauna includes the followinc:

Turritella sp.

Plicatula sp.

Ostrea sp.

Anchura sp.

Anamia sp.

Turrilitss sp.

- Micrabacia sp.

Macro-PaleohtolorJ of the Woodbine Formation: Th

following molluscan fossils have been found by var-

ious persons in the VWoolbine formation of northern

Texa.S.

Barbatia micronema lleel

Arca zalliennei var., tramatensis Cragin

Ostr=a soleniscus }Meck

Cstrea carica Jrazin

Agnileria cumainsi White

Cytherea leveretti Cragin

Trigonarca siouxensis Hall and ifeek

Turritella renauxiane d'0Orbigny

Cerithium tramatensis Cragin

Cerithium interlineatum Cragin

~ Ixogyra Sp.



Mantelliceras(?)

Purrilites (92) sp.

M™irritells coalvillensis lleelr

3caphites sp. Cregin

Zone of thesc fossils oceur in either the over-
lying Bagle Ford or the underlying Comanche series,
and so far as known, the fauna is the most peenliar
yet found in beds occupying the typiezl Yoodbine posi-
tion.

34
€

B8se and Professor F.L. whitney ca 1led attention

to the dissimilarity between Exogyra columbella Cragzin

2

(se2e Plate III )and Bxozyra columbelle leei. Exozyra
35

columbell=a Cragin” found in ths Bouldin Creel section,

Travis County, is net Exozyra columbella lleek of

4

northsrn Texas, which 1111l “designated as the top ter-

by :
D8se,3.: "0n a New IZxozyra from the Dzl Rio Clay,ete®
Jniv. of Texas Bull. 1902,p.12.
35

Cragin,F.W.: "a Contribution to the Invertebrate
P“lﬁonuology of the Texas Cretaeeous,™ 4th Ann. Rept.
Jeol Surv. xas, 1893,p.184,

901111,ReTe: U.S. 2.S. 215t inn.Rep.pb.7,p.297.
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minal marker of the Woodbine formatidn in north

Texag. ixogyre columbella Cragin isgpmrqesimilar
~ to Exogyra laeviuscula of Roemer, differinz from
the latter in the severifﬁ of the spiral twist of
the beak. Both forms are quite smooth in the un-
bonal region. The Cragin formAranges from seven
and one half feet below the lower fishbed to five

feet above, and is associated with Inoceramus labia-

tus and Prionotropis (?) sp. Professor Whitney has

noted certain peculiaritiss between the Exogyrs from
the lower bituminous shales and those in the Bagle
Ford Flags, which may be specific and'probably have
a bearing on the stratigraphy.

The shales at Aquille section heretofore mention-
ed will?yielq determinative fossils mpon diligent
search. A fragﬁent of what appeared to be the keel

of a Mantelliceras was found thirteen feet below the

flags of the Eagle Ford associated with a fragment
that appeared to be either a Turrilite#or an uvndeter-
minable_ﬁmmonitg,_ Corbula sp. add,Yoldia sSp. were

also found &% that horizon. The Mantelliceras would

establish the age of the beds as Cenomanian.
On the evidence of the occurrence of wvarious

species of Acanthoceras in the lower shales, the Eu-
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ropean equivalent of the Lower Eegle Ford is
Cenomanian age. BBsezV has correlated the Ceno-
manian as beginning with the middle of the George=-
town, about the Pawpaw horizon, and continuing up-
ward to the flags of the Begle Ford. Through this
horizon, the lowest fossils in the ranse of devslop-

ment is Submantilleceras, followed by Mantellieceras,
) a8
then Acanthoceras. One investigator has made a

zpne fossil of Acanthoceras aff. rhotomagense de

France, placing it at the beose of the Eagle Ford
shales, above the Woodbine. The writer, however,
does not feel that sufficient study of the field
relations, extensive collecting, and the necessary
labor for the establishment of a zone marker, has

been done to establish the Acanthoceras zone at the

base of the Eagle Ford shales. 1In north Texes, it
is reported that the occurreance of this form is
rare; in Bell founty, however,there is an extensive
fauna of cephaiopods near the base of the Zagle

l;:

B¥se,EB.: "Geology of Seuthern Texas and Northern
Mexico,™ Univ. of Texas Bull.2745,pp.l1-16.

38 -
Scott,zayle: "The Woodbiné Sand of North Texas

Interpreted as a Regressive Phenomenon,™ Bull.A.A.
P.G. V0l1l.10,N0.6,1926. - =
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Ford, the followiﬁg being present: Acantho-

ceras cunningtoni var. cornutum; Acanthoceras

spe It is estimated that a dozen or more.specieg
of Acanthoceras and Mantelliceras-like ammonites
occur~in the central Texss region.

The discovery of an assemblege of molluscan
fossils at Bouldin Creek eight feet below the flags
of the RBagle Ford indicate foswils of a kind unknown
in the adjacent formations and peculi=r to the hori-
zon., The following list of fossils has been tenta-
tively prepared:

{a) Plicatula aff. arenari Meek (Macomb's Expedi-
tion Trom santa Fe to junction of Grand and Green
rivers, Geol. Rept. p. 126,Pl.1l, Figs. 5 a,b,and

o Locality: Covero, New Mexico; Lower Cretaceous

of Dr. Newberry's section, in association with
Exogyra columbella leek ).

......

Anfs 5250s Jebs Bllis seailds;DeBT9;PLebFigs.
3 a, and b. Cretaceous cztrata, probadbly ecui-
valent with the lower portion of the Colorado
group; head of Water-pocket ceanyon, southern
Utah.

"Only the original types, which are imper-
fect Basts in sandstone, have been found. It is
possible that better collections would show that
this species is the same as Plicatula arenaria
Ileek, but with only the imperfect material now
in hand it is nscessary to leep them separate.')
(3ze Plate IX).

(¢) Pteria aff. salinensis VWhite
(d) Fragments of Turrilifes

(e) Coral similar to Hicrabacia sp.
;

f) Ostrea aff. noctuensis.

39

W.S. Adkins, personal conversation
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(g) Anchui. Kiowano Crazin

e,f,z, are from the so=colled Dakota form-
ation, Thich Je<B. R,J31g8 iﬁ inclined to refer
to Purgat01re formation™ '
T.e.It seems that it is better to regard the
foscils of the so-called Dazota formetion as of
the sane age as those of the Purgatoire formation
and attribute the d;ff"rencvs between then to
gome mow unknown differenc> in the conditions
nnder vhich the sediments were deposited. The
fauna .....elg more like that of the Wesghita
group than that of the sveceedinz Benton shale
or that of any known Deliota beds, 2nd » correla-
tion b2sed on the fanns mmst be a correlation with
-the \ashita rather then with the Benton.™

(h) Anchura (Drepanocheilus) aff.ruvide UMhite (1879,
Ann. Rept. TJ.5. Geol. Hur. Terr. for 1877,p.512,7,
Fizc. 4a and b. Locelity and position: Sint Spring
and Upoor Kanab valley, Utah, occurin- about %80
feet above the basz of the Cretacsous section at
the latber locality.)

(i) Ostrea aff. malachitensis Stahton

("From PuznelTus sandntone neer Melaehite post-
office about 20 miles a“ove Pusblo,Co lo."‘PuOnﬁllus
sandstvone 15 ft. to 40 ft., thc“ coarse massive

e
gray, sandstone canped by 1 to 2 feet of brown
‘ealemreons, °“nlston> eonto ;41n~ yghres 1L~Ubrls
impressions of Prinocyleus wromincensis,” Justs

below: the Eiobrﬁra lim~stonz. )

The followins fozsils vwere fouad a2t Povldin Crssk

Jry .
Reegide, J.E.: "The Pauns of the so-called Dalkota
Tormetion of forthern Czsatrel Colorndo 2nd its
Bouivalent in Southera Wyominz",U.3.7.5. Shorter

Contributions to ZFenernl Zeoloxy, 1I922,p.200.
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Fossil Pacteria in the Dagle Ford Formation: Dur-

ing the course of study of the fanna of the lower
Eagle'Ford, the writer found certain trqncated,
smooth, glossy, dark brown and yellow ebjects = in
the fish-bed conglomerate at the basal flags, -4
mineralogical exeminction revealed that they are
co&posed of caicium phosphate with a small percent-
age of pyrite, and are a mineral known as ¢allophane.

The pebbles range in size from one millimeter
to threce centimeters in length, with a variable

thickness. Buckland4l

. observed that "some copro-
lites, especially the sma2ll ones, show no traces ef
all of contortion.™ Some of the coprolites may show
no contortion due to the early death of the individ-
ual in which it reposed, hence, not having passed
through the ldéwer intestine. _
Further search disclosed the presence of typiecal
coprolite pebbles with a characteristic spiral grove.
A nuamber of the smooth pebbles have faint markings,
as will be seen in the photograph, (Plate IV ).
Thin sections of the pebbles were mede with a view
to exemining the internal structure. (Sse Plate VI
vy

‘Buckland, W.J.: 3Bridgewater Trectise QE.Geologz,
Vol.l,p.165 -




Examipnation with oil iammersion lens at magni-
fication of 970 diaé%ers revealed the presence

of two types of bécteria. One type is stained
probably with pyrite, and hes the morphology of
Micrococcus with characteristic colonial group=-
ings of the single,spheres, either elustered in
0pa§ue mess, or in scattered colony. (Sece Plate

Vii ). The second type is unnstained, the -~pherical
cells with 6lgar outlines, and the enveloping mater-
ial is colgred;a clear brown, and the contents
elear, There is no tendency to form groups, for
the callophane material is seen literally to swerm
- with the cells., The latter type resembles bacteria
described by Bernard Renault42as Micrococcus lepid-

oghggns var. C.

The presence of bacteria in the caleium phos-

phate pebbles in such numbers as those of the second
type, in which they are seen literally to impregnate
the pebble,‘sﬁggests the genesis of the pebble as
beins deposited by a fish, containing et the time

of deposition, of counrse, only slight amousnt of bone

:Iz o o, . Nglp
Renault, Bernard, in Modie,Roy L.,Paleo ar
Univ. of Ill., Plates 312-320; pp.<90- s
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tissue, which probably served as a nucleus for

the further attraction of more phosphate-loving
bacteria,'probably analogous to the action of ac-
eretion and growth of concretions about a nuecleus,
which mey be similar to the concretionary material.

The baecteria of both types can be seen through-
out the_thichness of the slide, different groups
‘coming into view by movement of the barrel of the
microscope with the fine adjustment screw.

Rheently the writer has investigated the black
shales of the iower Zazle Ford formation. TUnder the
oil iﬁmersionilens, similar dark spherical objects
are seen, and are arranged in chains when colonies
are found. »They oceur in individual groups, or
singly, profusely distribnted through the sample,
The_contemporaaebus occurrence of bacte?ia in petrol-
iferous shales at Bouldin Creelz . is of interest in |
relation to the probable origin of petroleum from
bacterial association.

Beonomic Importance gg_the Woodbine Formation: The

Woodbine sands were first studied in relation to
their artesian water content. These sands are an
important catchment for ground water in the north-

east Texas region. Loéally, the upper sands, or

Lewisville,gands, may contein waters of high con-
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centration of mineral salts. The underlying
Dexter sands contain, however, large quantities
of potable water, except in the vicinity of oil
fields, where connate weters supplant the pluvial
waters.

~The sands of the Woodbine formation are ofle

of the imporfant petroleum producing horizoas in
Central-Zast Texas, northeast Louisizna, and south-
west Arkansas. The seven pools_in Limestone, Free=-
~ stone, and Navarro counties have, since the year
1920, yielded a total of 217,103,206 barrels-of
petrolevm from a total productive acreaée not ex-
.ceeding 7,800 acres. TUp to the close of the year
1927, the average yield per acre on the basis of
the above totél, was, accordingly, 27,809 barrels
of petroleum, a figure which compares W\t with
other large oil fields in the United States.

The VWoodbine has been fouad to yield dil at
an inland salt dome at Boggy Cresk, Cherokee County,
where the formations on the surface are uplifted
about five thousand feet above their normal posi-
tion. |
™

@il and Gas Journal,Feb.9, 1928,Year of Disappoint-
.ment in East-Central Texas Fields,p.30l.”

44pumble . E,T.: "Geology of Bast Texas,™ Univ. of Texa
opblegBeg . 182010y : et S
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" The top of the Woodbine at Wortham lies
at an average depth of 2975 feetlbelow the sur-
face, or 2525 feet,corrected to sea level. The
upper 40 to 50 feet of the oodbine is the oil
produéing zone. An impervious break is believed
to separate the pay horizorn into an upper and
lovier member, the upper meaher being 15 to 25 feetd
of sandy shale or thin lenses of sand and shale, and
the lower, separated from the upper by "shell' or
"break™, is a sand probably 20 to 22 feet thick%5
the ﬁop of whieh was a good horizon marker for
subsurface mapping purposes. The lower "pay" sand
has proved the best yield of oil at Richland, Cur=
rie, and Viortham fields.

Deeper producing sands have been found at llexia
and Currie fields in the Vioodbine formation. The
"Kollman sand," at lexia, lies from 200 to 230 feet
below the top of the woodbine. In liareh, 1922, a2
well was drilled into this member, and produced 700
barrels initially%6 The”Mbrrow pay"™ at Currie is
=

Hill,H.B. and Sutton,C.B.: '"Pstroleum Znzineering
» in Wortham 0il Tield{ U.3. Bureau of llines. April
1927. '

6011 Weekly, Aug.,1°9,1922, Ilew Sand,at lexia uwakes
'Sm Up. p.35.




about 230 fest belo@ the top of fhe woodbine
formation. Wells with initial production as
high as 5,000 barrels per day of oil testing
41°A.P.I. heve been fTinished in this "pay". The
lateral extent of the lower "pay" at Mexia and
Currie is very limited, and probably does not
exceed 1,000 feet in width east from the fault
plane.

A local dome in the lexia structnre has
yielded over 130,000 barrels of oil per acre total
produetion up to the close of the year 1927. Sev=-
eral tracts in Mexia and Powell pools have produced
total yields of over 400 00 barrels per acre. 4
tract at ?owell, similarly located with respect to
a local dome, produnced 2 total of 138,810 barrels
per acre up to Mey 29, 1924, immediately after the
peak prodnction had passed.47 A table of the pro-
dvetion history of five fields is given on the
next page. |
Conclusion: The Cretaceous sediments in Central
Texas have a total thicknecs of 2850 fset, from
v am

Wagner,Pauls "Powell Field Zxceeds Estimates,™
National Petroleum Nsws, June 11, 1924,p.72.




Production History of Five Principal 0Oil Fields of East-Central Texas

Date Peak Production Total Amount O0il  Acres Avg, Amt, 0il Percentage Decline

Field Discevered Date Barrels Produced to Close Proved Prod. per Ac. Years after Peak:

Year 1927 Barrels 1lYear 2Years 3Years
Mexia  11/20/20  2/12/22 176,001 84,038,338 Bbls, 3,704 22,639 60%  T4% 82%
Currie 12/14/21 7/24/22 13,165 5,601,933 Bbls. 375 14,939 66%*
Richlamd 2/ 8/24 9/ -/25 22,541 6,139,415 Bbls. 240 22,541 , < 75%
Powell 1/ 1/23 11/14/23 319,921 97,313,149 Bbls. 2,612 37,256 ™%  88% 92%
Wortham 11/22/24 1/15/25 153,800 20,750,320 Bbls. 715 29,021 92%  96% 97%

Authorities: 0il and Gas Journal48 and American Petroleum Instituto49

¥Five years after peak prodﬁction.
48. 0il and Gas Journal: Year of Disappointments in East-Central Texas Fields, Feb. 9, 1928, page 301
49, Americamn Petroleum Institute:Petroleum Facts amd Figures, page 111,

868
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evidence of wells drilled at Lulingéd’At other
localities, teét wells have drilled through the
Cretaceous sediments into schist or gneiss. This
condition prevails in the area extending from

révis County north to Dexton Countyf In the east-
ern Red River series of €ounties, the sub-Cretaceous
matﬂrl 1 COH:I"to of motanorphlc sedimsntary rocks;

" 52 P
in Cooke County where extensive well drilling ha

]

been done, an Zllenburger east-went trondThignd

r i

has been found underlying the Tzt o Sip wlailie.

The total thickness of tie Cretaceous rocks in North

Texss 1s 5000 fmet§o A gredual thinning of the forma-

E;!i
United Horth and aOPtl 0il Compneny No.l Tiller.,
51
Records of Bureav of Iconomic Zeology.
52
Hawtoff,M.: "Petroleum Developments in Cooke
county, Texas,"™ Univ. of Texas Bull. 2710,
fig. 6.

53 |
Udden, J.K.: "0i® Bearing Forrstions of Texas,™
Bull- A.o.:xo..cJo, VOl-III, p.el.
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tions beginning with ashita time is evident
passing from the Red River to Travis Counnty.

The Zagle Ford formation attenustes from abont

500 feset in Grayson Couvnty to 42 feet in Travis
County; the sands of the ioodbine decrease from
625 feet at Iadonia, Fannin County, %to 341 feét %
at Rlooming Grove, Nevarro County, meastred on a
line north-south and parallel to its margin of
outerop. Turning west, the VWoodbine attenmates

to a thickness of 87 feet of sazds and clays, on. an
east-west line acress dip between Blooming Jrove,
Navarro VYouuty, and Cottonwood fCreek, northwest

of Hillsboro. Continuing sonth on ths outecrop,
the Woodbine continues to thin, having & thickness
of 45 faet ~f grnds and clays at 2 dbrick pit on
Aquilla CreeX, 8owthern Till Cournty and finally

decreasing to two feet of red sand, at Zosqueville,

&)

seven miles northwest of vaco. (Sse 8xetch,Plates X,XI)
Cn a similsr porth-south projeetion, the

Washita division decrenses from 410 feet in Gray-
5
L]

>

son gounty to & feet in Travis County

54

Cuyler,Robt.K.: X.A. Thesig, University of Texecs,
1927. :
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These Cretaceous sedianents, deposited in
a series of intermittent ebbing and flooding
seas, marked by numerouvs diastems in the Bacle
Ford and Georgetown formations,are seen, Shere fore,
to overlap progressively over the Central Texas
rezion both from the Red River region and from the
Rio Grande embayment. The ljoodbine formation is
absent in the Rio Grende Zmbayment.

The vioodbine fornation is, on floral evidence,
related to tne Tuscaloosz formotion of the BEast
Gulf Coast, =and to the Dakota formation, of the
Western interior section of lleekx z2nd Tayden. This
- series of merginal deposits marks the bedinning of
the cycle of deposition xnown as the Gulf 8eries,
and fringes the margin of the Upper Cretaceous in
the North American céontinent. 1In the Wwestern in-
terior, these sediments overlap Psrmian or Pennsyl-
vanian roecks, in the Texrs resion, ILower Cretaceous,
and in the Bast Gulf Coast, Paleozoic and schistose
rocks.

The Voodbine formation; iz interpreted as a
huze lentil of sands and clays, morking the deepest
,

part of the Zost Texas Syancline, and it probably



received its deposits both from the southwest
and ths northeast. In this respect, the Wood-
bine formation is not dissimilar to the Xiami-

tia and Pawpaw formations.
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Plates V. Slav of .Sagle Towd "ILishbed',
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Tlate VII. Photomicrosrcph of coprolite showing
colonies of bacteria. x970
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Plate XI, Map of Texas showing outerop of Woodbine and
equivalents., Blue line is on nerth-south attenuation

of Woodbine mentioned in tex%, page 41,
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