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Stratigraphy of the Woodbine Formation in the
Arlington Area, Tarrant County, Texas
Charles Fremont Dodge

The Arlington area includes 70 square miles in eastern
Tarrant County, Texas (Fig. 1). It is bounded on the west
by the meridian 97° 10' 00" W, on the east by the line
between Tarrant and Dallas Counties, and on the north and
south by the parallels 32° 47' 30" and 32" 40' 00" N.
The area is drained by the Trinity River and its tributaries, which together form a dendritic pattern (Plate I).
Erosion by these streams has produced a submaturely to
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Index map showing location of the Arlington Area.

maturely dissected terrain with maximum local relief of 200
feet. The degree of dissection varies from north to south. In
the south there are smoothly contoured hills, the lower slopes
of which merge with the sides of intervening valleys. In
the north the hills tend to be flat-topped and the valleys
V-shaped, with maximum depths of 200 feet. The most conspicuous topographic feature in the area is a dissected cuesta
which rises along the southeastern slope of the Village Creek
valley.
Rocks exposed in the Arlington area range in age from
Upper Cretaceous to Quaternary. Deposits of Quaternary
age include alluvium of floodplains and terraces. The Cre
taceous rocks consist of sandstones and shales belonging to
the Woodbine and Eagle Ford formations. The Woodbine
formation is exposed at many places, but the Eagle Ford
consisting mostly of shale which is weakly resistant to
weathering, is nearly everywhere concealed by soil. The
structure is homoclinal, with average strike approximately
66
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N300E and dip of approximately 40 feet to the mile toward
the southeast (Winton and Adkins, 1919).1 The rocks of
Cretaceous age have undergone but little deformation since
the time they were formed. The only fault that was found
(Locality 1, Plate I) strikes N30oW, is vertical, and has its
southern side down-thrown about 10 feet. Vertical joints are
locally found in sandstone interbedded with clay.
The principal purpose of this report is to establish, within
the limits of the Arlington area, the sequence and areal distribution of rock units belonging to the Woodbine formation.
Field studies were begun during the fall of 1949 and completed in the spring of 1950. Outcrops and contacts were first
plotted on aerial photographs and topographic maps, and
later transferred to a base map by the use of a vertical
sketchmaster. An enlargement of the 1949 edition of the
Texas State Highway Department's road-planning map for
Tarrant County was used as a base.
I wish to express my deepest thanks and appreciation to
Professor J. D. Boon, Jr., for advice and help in every phase
of this project, and to Dr. C. C. Albritton, Jr. for guidance
in preparation of this report. I am also indebted to Dr. Arthur
Richards and Mrs. M. W. Keathley for interest and help in
various field problems. Messrs. M. A. and J. F. Clement and
Charles L. McNulty gave helpful advice on field work, and
the preparation of this report.
WOODBINE FORMATION

In the Arlington area the Woodbine formation averages
approximately 250 feet thick. 2 It is divisible into four members, here designated simply as basal clay, lower sandstone,
upper clay and upper sandstone. The basal clay and upper
sandstone are relatively thin units with maximum measured
thicknesses of 29 and 28 feet respectively. The greater part
of the Woodbine is divided between the two intermediate
units: the lower sandstone (87 feet) and the upper clay (105
feet). At the present time these four members cannot be
correlated with those named in 1949 by Bergquist in his
description of the outcrop area farther northward in Cooke,
INames and numbers in parentheses refer to article::; listed in the bibliography at the
end of this report.
2This figure was determined by the measurement and correlation of several sections
which are described in detail in following pages of this report. The Grand Prairie city
water well, five miles east of ArJington, was drilled by J. L. Myers and Sons through
274 feet of Woodbine, according to the author's interpretation of an electrical log.
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Grayson and Fannin Counties. However, a comparison
composite sections representing these two areas is given
Figure 2. It will be noted that the Arlington section is appr
ciably thinner than the section to the north. Lozo (1948) h
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FIGURE 2. Comparison of columnar sections in Arlington area
and in Cooke, Grayson, and Fannin counties (N). Data for construct
of left-hand column from Bergquist (1949).

already explained this southward thinning of the Woodb
as a result of interfingering between Eagle Ford and Woo
bine formations, the Eagle Ford shaly facies increasing
thickness southward at the expense of the Woodbine san
facies.
Basal Clay 3

This member consists of bluish-gray to black, no
calcareous clay containing ironstone beds and concretio
Locally there are large selenite crystals embedded in t
clay. Sandstone is interbedded with the clay at many ho
zons, and generally the upper portion of the unit is mo
arenaceous than the lower. Many of the sandstone beds sh
rippled surfaces and cross-laminated structure. Bits of l
nite are scattered throughout the section, and poorly p

~The term basal clay, as used in this report. refers to the lowermof;t clay membe
the Woodbine formation in the Arlington area. Any previous use of this term does
necessarily pertain in any way to the present usage.
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served shells of pelecypods and gastropods are found locally
in ironstone concretions.
In thickness the unit varies from 11 to 29 feet. The upper
part of the member is exposed three miles northwest of
Arlington on the side of a hill overlooking the Village Creek
flood plain (Plate I, Locality 2). A complete section may be
seen on Rush Creek, about one mile west of the Arlington
Quadrangle. This locality is noteworthy, not only because it
shows the only complete section of this unit known to the
author, but also because the contact between the Woodbine
and Grayson formations is well exposed there. Directions
for finding this locality are given in the following itinerary
which begins at the edge of the campus of Southern Methodist University.
Itinerary
Miles
Between points
Cumulative
0.0
0.0
Corner of Daniels and Hillcrest Streets,
one block west of Fondren Science Building. Go north on Hillcrest.
1.30
1.30
Intersection of Hillcrest and Northwest
Highway. Turn left on Northwest Highway.
5.10
6.40
Turn right on Loop 12.
0.80
7.20
Traffic circle. Turn left on Texas Highway 183 (Fort Worth Highway).
12.35
19.55
Euless. Continue on Texas Highway 183.
0.95
Turn left on Farm Road 157 (Arlington
20.50
Road) .
6.20
Turn right on U.S. Highway 80. Arling26.70
ton, Texas.
1.00
27.70
Stop light. Turn left on N. Cooper Street.
0.50
28.20
Arlington State College to left. Continue
straight ahead on Farm Road 157.
1.45
29.65
Continue around bend on paved highway.
0.35
Turn right on paved road.
30.00
1.70
Lucas Flying School to left. Continue
31.70
straight ahead.
2.30
34.00
Mail box of Spring Canyon Ranch on left
side of road. Turn right on dirt road.
0.30
34.30
Take right fork on dirt road.
0.10
34.40
Park on right side of road. Cross wire
fence and enter woods. Go along a line
approximately at right angles to the road
for about 100 yards to the bed of Rush
Creek. Exposure of contact between
Woodbine and Grayson formations is in
a steep undercut bank about 20 feet high.

A measured section of the Rush Creek exposure follows:
Section of Basal Clay on Rush Cr-eek, Tarrant County, Texas
Woodbine formation
Basal clay member
Feet
27. Tan to white banded sandstone
__
0.6
26. Irregularly interbedded white to yellow sand and
gray to brown clay __
1.3
m

__

__ • •
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25.
24.
23.
22.
21.
20.
19.
18.
17.
16.
15.
14.
13.
12.
11.
10.
9.
8.
7.
6.
5.
4.

[Vol. 2

Tan to orange sandstone
Sandstone, variously white, gray, or tan
Gray clay
Interbedded white sand and gray clay
Bluish-gray clay
White to tan sandstone..................................................
White to light tan sand and gray clay
Interbedded tan sandstone and lignite
Lignite in sandy clay
Interbedded tan sandstone and lignite
Tan to gray, banded sandstone
Interbedded tan sandstone and blue clay....................
Banded, tan sandstone
Interbedded tan sand and gray clay
Interbedded yellow sand and gray clay
Bluish-gray clay
Yellow to light gray sandy clay
Dark red ironstone
Bluish-gray clay
Dark red ironstone
Yellow sandstone mottled with black.
Dark gray to brown clay, locally stained yellow;
high carbonaceous content; some ironstone
concretions and large gypsum crystals......................
3. Yellow to tan fine sand with boulders of gray
calcareous clay..................................................................
Total thickness
Disconformity

Grayson formation
2. Bluish-gray to tan calcareous clay
1. White to tan limestone containing Gryphaea
and Pecten

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0
0.
0
0
0
0
0
0
0

4

0

12.8

1

0

Total exposed thickness............................ 2

Directly overlying the uppermost limestone bed in th
Grayson formation at the Rush Creek locality is a gray ca
careous clay, 9 to 14 inches in thickness. Overlying the clay
and separated from it by an irregular surface of discon
formity, is a yellow sand bed containing cobbles and boulder
of clay derived from the Grayson formation (Fig. 3). Th
bedding planes preserved in the clay boulders are not con
cordant with the bedding of the overlying and underlyin
formations. Ironstone concretions, some of them measurin
a foot in diameter, are concentrated in the upper eight inche
of the sand bed. The contact between the sand and the under
lying calcareous clay is extremely uneven and characterize
by finger-like projections of the sand extending down to th
top of the uppermost limestone bed in the Grayson formation
Directly overlying the sandstone bed and wedging out t
the southeast is a bed of gray clay. Above this bed an
wedging out approximately three and one-half feet farthe
to the southeast is a bed containing ferruginous and ligniti
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clays and large selenite crystals. Compressed and lignitized
tree trunks approximately 18 inches wide and a quarter of
an inch thick were found in this bed. Immediately overlying
the ferruginous and lignitic clays is a bed of dark gray to
brown laminated clayey shales three feet thick.
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FIGURE 3. Detailed section of contact between Woodbine and Grayson
formations, Rush Creek, Tarrant County, Texas. Numbers inside
circles indicate position of samples described in the text.

Samples taken at various positions above and below the
contact between the Woodbine and Grayson formations are
indicated by numbers in Figure 3. A description of washed
samples caught in 200 mesh screens is given by Mrs. M. W.
Keathley as follows:
Sample
1. Gray marl.

2.

3.
4.

5.

40% fine sand, 60% gray silty chalk; Globiflerina and ostracods abundant; also Globotruncana, Lenticulina, Haplophragmoides, echinoid spines, and shell fragments.
Gray calcareous clay.
80% discoid clay particles, 20% fine, clear sand grains; small
Globigerina abundant; also Globotruncana, Lenticulina,
Lagena, Cibicides, and ostracods.
Yellow sand.
Yellow, pink and clear fine subangular quartz sand with ferruginous cement.
Gray clay from boulder.
70% discoid clay particles, 30% subangular fine, clear quartz
sand; Globigerina, Robulus, Saracenaria, ostracods, and a
few shell fragments.
Ferruginous and lignitic clay.
30% ferruginous material, 30% lignitic particles, 30% brown
clay particles, 10% gypsum fragments; a few ostracods.

Taff (1891) has described clay at the base of the Woodbine

72
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formation in Denton County. The clayey beds there are about
25 feet thick and are overlain by sandstone. Winton (1925)
reported beds of similar lithology along the Sanger-Pilot
Point road and from cores of the Tarrant County Water
Improvement District. Basal clayey layers, thin and sporadic,
have been reported in wells drilled in East Texas (Adkins,
1933). However, at the present time it is impossible to determine whether the basal clays reported from the localities
mentioned above are in any part equivalent to those of the
Arlington area.
Lower Sandstone

The lower sand is well exposed in stream banks and road
cuts in the western part of the area, though no complete
section may be seen at anyone locality. The lower 32 feet of
this unit consists predominantly of very fine white quartz
sand weathering to various shades of brown. At some localities the sands are banded, with laminae of fine clean quartz
sand alternating with sandy laminae containing bits of lignite. At Locality 7, about four miles north of Arlington in
the bank of a Trinity River tributary, approximately 15 feet
of these banded sands are exposed. Three miles northwest
of Arlington near Village Creek (Plate I, Locality 3) 32 feet
of sandstone may be seen resting on the underlying basal
clay. The contact between these two members is conformable
and gradational. The base of the first massive sandstone
ledge above the interbedded clays and sands has been arbitrarily selected as marking the contact.
Conformably overlying these sandy beds is a sequence of
interbedded siltstones and clays measuring 5 to 15 feet thick.
Several complete sections may be found, but the best exposure
is in a road cut about 200 yards south of the Trinity River
on the Grapevine Highway (Plate I, Locality 4). Here the
brown clay contains gypsum crystals and lignite fragments.
The upper 30 to 40 feet of the lower sand member is predominantly fine white quartz sandstone which weathers reddish brown and yellow. Good exposures are seen along the
Grapevine Highway south of the Trinity River. These sands
are well bedded in units between half a foot and five feet
thick. Thin layers of bluish clay and ironstone occur between
many of the beds. In the western part of the area these upper
beds are cross-laminated, but what are believed to be equiv-
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alent beds to the southeast are evenly bedded. At several
localities it is evident that the base of these sandy beds is an
irregular surface such as might have been produced by scouring action of currents. The relief along the surface amounts
locally to as much as several feet, but there is nothing to
suggest that this disconformity is particularly significant
in terms of regional depositional history. Channels in the
underlying siltstone and clay are filled with the sand, the
bedding of which conforms with the configuration of the old
erosion surface. All points where this disconformity has been
noted are marked by the number 6 on the accompanying map.
In the composite section that follows, unit 1 was measured
at Locality 3 and the remaining parts of the section were
measured at Locality 4 (see Plate I).
Section of Lower Sandstone at Localities 3 and 4
Woodbine formation
Lower sandstone member
24. White to tan cross-bedded sandstone
.._
15.1
23. Interbedded ironstone and fine cross-bedded
sandstone
.._
.._
.._
0.3
22. White to yellow cross-bedded sandstone; forms
ledges
.._
3.0
.._.._
.._
0.3
21. Gray to tan clay
0.5
20. Yellow to red laminated sandstone....
19. White cross-bedded sandstone weathering to shades
of brown
.._
.._
8.3
0.5
18. Interbedded gray sandy clay and ironstone
3.0
17. White to tan sandstone with nodules of ironstone
.._
1.3
16. Gray laminated sandstone
Disconformity
15. Gray clay
.._ ..._
.._
0.3
.._
0.3
14. Yellow to red sandstone
1.0
13. Interbedded gray clay and yellow to red sandstone
0.7
12. Yellow to red, banded sandstone
.._ .._
.._
.._
0.1
11. Brown sandstone
.._
0.3
10. Gray to red claym
.._ .. .._
1.3
9. Gray to tan shale
0.5
8. Yellow to red clay with small ironstone bands
0.9
7. Yellow to gray clay with ironstone bands
6. Red to yellow sandstone................................................ 0.3
1.1
5. Gray sandy clay
.._
.._
0.5
4. Red clay
.._
1.1
3. Gray sandy clay
2. Gray sandy clay interbedded with gray to yellow
sandstone
.._.._
.._..._
6.1
1. Yellow to tan fine grained sandstone; cross-bedded 32.8
Total thickness .. .._

:

79.6

Several types of primary structures were noted in the
lower sand. The most striking of these is cross-laminated
bedding with prominent foreset and bottomset beds of the
type regarded by some geologists as characteristic of deltaic
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deposits. Five such beds may be seen in sequence along a
road-cut three miles north of Arlington near the Trinity
River flood plain (Locality 8). Ripple marks found in many
sandy beds belonging to this unit uniformly indicate currents
moving northwest. The only fossils found in the lower sand
member are poorly formed leaf imprints.
On the basis of lithology and stratigraphic position the
lower sand member appears to correspond in general with
the Dexter member as described by Taff (1893), Hill (1901),
Plummer (1931), and Bergquist (1949).
Upper Clay
This member is well exposed, and complete sections show
at several localities. The best section is east of the Grapevine
Highway in a deep valley (Plate I, Locality 5).
The rocks consist of brown to gray shale and clay alternating with beds of sandstone. A lignitic clay, 8 to 13 feet thick,
occurs about 20 feet above the base of this member. Whole
carbonized tree trunks are present, and at one locality there
are trunks with roots preserved in situ. The bark of these
trees, knots, and some limbs may be distinguished. The
trunks must have averaged six to eight inches in diameter,
but they are now compressed so as to average about three
inches in width and 14 inches in breadth. Large selenite
crystals are usually associated with the carbonaceous material. In the upper portion of this member there are several
ironstone beds, two to six inches thick, containing molds and
casts of small pelecypods and gastropods.
In the sections measured, the thickness of the upper clay
varies from 89 feet to 105 feet. Individual beds within the
unit vary greatly in thickness within short distances. For
example, one shale bed in a distance of half a mile thinned
from 25 to 5 feet. Details of lithology are given in the following section:
Section of Upper Clay Measured at Locality 4
Woodbine fonnation
Upper clay member
Feet
32. Yellow to gray sandy clay
10.3
0.1
31. Yellow to brown sandy clay
0.5
30. Dark red fossiliferous ironstone
0.8
29. Brown clay
28. Yellow to tan sandy clay................................................ 1.1
27. Red to brown to tan sandstone interbedded with
ironstone
0.9
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26.
25.
24.
23.
22.
21.
20.
19.
18.
17.
16.
15.
14.
13.
12.
11.
10.
9.

8.
7.
6.
5.
4.
3.
2.
1.

75

Yellow to brown interbedded sands and clays............ 1.3
Ironstone concretions
0.2
Gray to yellow sandy clay
5.5
Dark red ironstone.......................................................... 0.1
Gray sandy clay
0.3
0.3
Yellow to red fossiliferous ironstone
2.0
Yellow to gray clay interbedded with white sand
Thinly bedded yellow to red ironstone
0.4
Tan to yellow sandstone forming ledges. Some gray
clay irregularly interbedded
6.4
Yellow to gray sandy clay with some lignite near
top
10.7
Red ironstone.................................................................... 0.6
Yellow to gray sandy clay.............................................. 0.6
Yellow to tan sandstone; forms ledges........................ 1.4
Gray clay interbedded with white sand; some ironstone concretions
3.9
Gray sandstone, well indurated and jointed;
forms ledges...................................................................... 0.7
Mottled gray and black siltstone
1.5
Yellow to brown ironstone............................................ 0.5

~~it ~eIi;~;a~d~Un~,a~·~i·i·i~·d{;;il:t~d..il:~d· ..· · 0.3
jointed; forms ledges
1.9
Interbedded gray to yellow siltstone, gray to brown
clays and white quartz sandstone; bedding very
irregular
22.1
Black laminated carbonaceous shale containing
small sand lenses, layers of lignite, and gypsum
crystals
13.5
Yellow to brown sandy clay with abundant gypsum
crystals
1.3
0.3
Shell bed; Ostrea sp
Gray to yellow clay containing some lignite;
gypsum crystals concentrated in six-inch bed
near middle
10.3
Yellow to red rippled sandstone; ironstone concretion near top
h
1.1
Gray to brown fissile shale
5.3
Total thickness.h

h

106.2

Some of the sandstone beds in this member are crosslaminated. Small discontinuous slickensides were noted in
the lignitic clays; possibly these were caused by gliding
during compaction of the clays. Directly below the lignitic
zone, a bed from two to four inches thick contains Ostrea sp.
Ironstone beds in the upper portion of this member contain
pelecypods and gastropods poorly preserved as molds.
The contact between the upper clay and the lower sand
may best be seen in the valley of a Trinity River tributary
about 300 yards south of the river along Grapevine Highway.
At this locality, 29 feet of lower sand is overlain conformably
by the upper clay.
The upper clay would appear to correspond in part to the
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Red Branch member and in part to the Lewisville member
as described by Bergquist (1949) in northern Texas.
Upper Sandstone
The upper sandstone is 20 to 28 feet thick and is made up
predominantly of yellow to brown fine quartz sandstone.
Some of the sandy beds have calcareous cement; others contain small bluish clay partings and ironstone concretions.
Directly overlying the sand is a bed made largely of whole
shells and fragments of Ostrea soleniscus and Exogyra
columbella. Above this "oyster bed conglomerate" there are
beds of brown to red, fine sandstone. The upper sandstone
rests conformably on the upper clay. The first hard sandstone ledge was taken as the base of this unit.
The section detailed below was taken in a cut of the Rock
Island Railroad one and one-half miles south of the junction
of U. S. Highway 183 with the Grapevine Highway and two
miles east along the railroad right of way.
Section 0/ Upper Sandstone Measured Two Miles East 0/

Tarrant Station
Woodbine formation
Upper sandstone member
4. Brown to tan fine sandstone; cross-bedded
4.4
3. Shell conglomerate; contains Ostrea and Exogyra . 2.9
2. Yellow to gray sandy clay
1.8
1. Yellow to tan fine grained sandstone parted by thin
gray clay seams; some ironstone concretions.__
l1.2
Total thickness

__

20.3

Cross-bedding and ripple marks were noted in the lower
sandstone ledge of this unit. Ironstone concretions are also
present and several septarian concretions occur directly
below the oyster bed. Several specimens of an ammonite tentatively identified as belonging to Acanthoceras were found
in place along the bank of Johnson Creek. Small oyster shells
occur locally in the lower five feet of the sandstone. The
oyster bed is made mostly of shells belonging to Ostrea and
Exogyra.
When Hill (1901) revised Taff's (1893) nomenclature for
the upper Woodbine, he recognized a fourth member which
was made up of sands and sandstones. Hill placed this member in his Lewisville beds and arbitrarily set the oyster bed
conglomerate which overlies the sands as the uppermost
limit of the Woodbine. Hill's fourth member would appear
to be essentially the same as the upper sand in the Arlington
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area. Moreover, it is possible that the upper sand member
of this report belongs in the upper portion of the Lewisville
member of Bergquist (1949).
HISTORICAL SUMMARY

The Grayson formation contains foraminifera, ammonites,
and other fossils indicating a marine environment. On the
other hand, the microfossils in the basal Woodbine clays
appear to have been reworked. These basal clays contain
abundant lignite, and the contact between them and the
Grayson is sharp and highly irregular. These facts suggest
that after the Grayson sediments had been deposited, the
Cretaceous sea withdrew gulfward from the Arlington area.
The beds of Lower Cretaceous age were then exposed and
eroded to form a surface of moderate relief before the basal
clay of the Woodbine was laid down. Although the writer
does not know whether this erosion was subaerial, submarine, or partly both, his interpretation of the Rush Creek
locality would favor subaerial erosion. However this may be,
the Woodbine deposits in the Arlington area appear to record
a struggle between the effects of sedimentation tending to
extend a deltaic shoreline out to sea, and the effects of subsidence tending to bring the sea back over the mainland.
The lower sand may represent a local maximum in the outbuilding and intergrowth of deltaic bodies. The upper clay,
with its abundant lignite and incipient soil zones, probably
represents lagoonal and swampy deposits and may record
stages in the subsidence of these deltas. With continued sinking of the land, the strand line moved back westward over
the Arlington area and the upper sand, with its ammonites
and oysters, was laid down. In time, this area lay entirely
under the sea again, and was receiving the fine muds which
compacted to form the Eagle Ford shale.
BIBLIOGRAPHY
W. s.
(1923) The geology and mineral resources of McLennan County, Texas. Univ. of
Texas. Bulletin 2340. (202 Pp.)
(1933) The Mesozoic systems in Texas, [in] The Geology of Texas, part 2. Ibid.,
antletin 3232 (2). 239-518.
ADKINS. W. S. & FRANK E. Lozo
(1951) Stratigraphy of the Woodbine and Eagle Ford. Waco Area, Texas. [in] The
Woodfnne and adjacent Strata of the Waco Area of Central Texas, ... , South.
ern Melhodist University Press, Dallas (pP. 101-63).
BERGQUIST. H. R.
(1949) Geology of the Woodbine Formation of Cooke, Grayson, and Fannin counties
Texas. U.S. Geo!. SUl'v., Oil & Gas Investigations, Preli1ninary Map No. 98
(2 sheets),
ADKINS.

BULLARD, F. M.

(1931) The geology of GraySOn County, Texas. Univ. of Texas. BuUeti1t 3135
(72 pp.).

HILL, R. T.

(1901) Geography and geology of the Black and Grand Prairies of Texas. U.S. Geol.

Surv., %lst A1tn. Repe., 294-322.
A.

LIDDLE, R.

(1936) The Van oil field, Van Zandt County. Texas. Univ. of Texas, BuUetin 3601
(82 PP.).

Lozo,

FRANK E.

Stratigraphic relationships of the outcrop Woodbine Sand of northeast
Texas, [abstr.) BuU. Geol. Soc. Amer., 59. 1337-88.
F. B. & E. C. SARGENT
(19311 Underground waters and subsurface temperatures of the Woodbine Sand in
northeast Texas. Univ. of Texas, BuUetin 3138 (178 PP.).

(1948)
PLUMMER,

SCOTT, GAYLE

The Woodbine Sand of Texas interpreted as a regressive phenomenon.
BuU. Amer. Assn. Petrol. Geol., 10, 613-24.
& O. M. MILLICAN
(1932) Lingual deposition in the Woodbine Sands along Copperas Branch. Denton
County, Texas: a study in marine sedimentation. FIELD & LAB., 1, 16-21.

(1926)

SHULER, ELLIS W.

TAFF, JOSEPH A.

(1891) Reports on the Cretaceous area north of the Colorado River. Geol. Surv. of

Texas, 3d Ann. Rept.. 269-378.
(1893) Report on the Cretaceous area north of the Colorado River. Ibid., hth Ann.

Rept., 239-354.
WHITE, C. A.
(1891) A review of the Cretaceous formations of North America. U.S. Geo!. Surv.,
BuUetin 8f (273 pp.).
WINTON, W. M.

(1925) The geology of Denton County. Univ. of Texas, BuUetin f5H (86 pp.).
WINTON, W. M. & W. S. ADKINS

(1919) The geology of Tarrant County. Ibid•. BuUetin 1931 (123 pp.).
WINTON, W. M. & GAYLE SCOTT

(1922) The geology of Johnson County. Ibid.• BuUeti1t :U9 (68 pp.).

