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Introductione

Since the publication of E. T. Dumble's comprehensive studies
of the Tertiary of eastern Texas, a vast amount of stratigraphic
data has been made available by the drilling of thousands of deep
0il wells in this region. Although numerous admirable papers have
been written on the Tertiary of the Texas Gulf Coast since the
advent of deep drilling in this area, full advantage has rarely
been taken of available subsurface data witn the result that the
emphasis, in most cases, has been placed upon surface geology.

The purpose of this investigation is to make a detailed study
of the subsurface formations of an area to be defined later and to
carry the investigation up the regional dip to the outecrop of these
formations. By thus emphasizing the subsurface development of the
formations, i1t is hoped io bring about a better understanding of
ihe sivatigraphy and historical geology of the area than was previ-
ously possible.

The writer has relied largely upon the work of others for
descriptions of the formations at the outcrop though some of them
are based upon his own field work. To a large extent, the report
which follows complements the surface work of other geologists.

The area here described centers in Harris County, Texas.
Surface and subsurface studies were extended northward from Harris
County to the outcrop of the Cock liountain formations which are
the oldest beds penetrated, at the time of this writing, by wells

drilled in Harris County . The investigation was also carried
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1.

Note: One well was recently drilled in northern Harris County
approximately 2500 feet below the top of the Cook lMountain. This
may be as much as 1000 feet below the Cook Mountain, but definite
information is not yet available on this well section.

southward to the Gulf of Mexico and into neighboring counties on

the east and west. It is hoped that a sufficiently large area has
been included that the post-ileches stratigraphy and historical
geology of most of southeastern Texas will be apparent. Insofar

as time would permit, the results of this investigation have been
presented in the framework of a generalized comparison of the
formations in this area with those of southwestern Texas and southern
Louisiana.

The writer has received the coocperaticn of many people in this
undertaking. Officials of the Amerada Petroleum Corporation made
available all laboratory facilities of the company, cores and samples
of rock-cuttings from numerous wells and other geologic data on all
wells drilled in this area. Without this cooperation, the comple-
tion of this investigation would have been impossible. The writer
is particularly grateful to Mr. A. R. Denison, Chief Geologist of
the Amerada Petroleum Corporation, for making possible continued
residence in Houston, Texas; when she normal workings of the company
would have required residence elsewhere before the completion of
this work.

The writer is also indebted to Drs. W. H. Bucher, N. M. Fenneman,

and Je L. Rich of the University of Cincinnati for reading the

manusceript and offering valuable recommendations. Mr. Lewis W.
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Mac Naughton coniributed freely from his unpublished surface studies
and read and criticized the first draft of the manuscript. Dr. G. I
Atwater, Mr. Lon D. Cartwright Jr., Dr. He N. Fisk,‘and Mr. J. We.
Kisling, Jr., also read the manuscript and offered many suggestionse.
Conversations on various phases of the work were also had with

Mr. J. C. Cruse, Jr. and Dr. Bruce Harlton. Finally, the writer is
grateful to Mrs. W. G. Meyer who typed the manuscript and rendered

valuable assistance in its preparation in many other ways.
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Stratigraphy.
General TFeatures.

The Tertiary and Quaternary systems of the Texas Gulf [Coast
at the outcrop are a succession of marine and continental deposits.
As the seas periodically advanced and retreated over the area now
occupied by the outcrop of these systems, series of strata were
deposited which are alternately marine and continental. The two
oldest Tertiary formations and all but the upper part of the next
oldest are marine at the outcrop. Succeeding formations as far up
in the section as the Frio (Oligocene) are alternately marine and
continental while the Frio and all younger formations are entirely
continental at the surface.

In the area adjacent to the present shore line, no continental
deposits are encountered below the Middle Miocene while drilling
for oil. If a well, located in this area, were to be drilled to

the base of the Crockett (Upper Claiborne) all beds encountered from

the Lower Miocene down

Miocene, except for the upper 200-300 feet, contain shell fragments
and may be largely marine though some are probably continental. All
formations from the base of the Crockett to the Lower Miocene that
are continental at their outcrop grade into a marine facies in the
area between the outerop and the modern shore line of the Gulf of
Mexico.
Harris County, Texas, is located in this intermediates area

(Fig. 1.). Due to this fact we are concerned, among other things

in the stratigraphic part of this investigation, with the determina-

tion of valid criteria for distinguishing marine from non-marine
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deposits in well sections, with the structural, petrographic and
faunal changes that occcur in a formation incident to its transition
from the continental to the marine facies, with the correlation of
formations that undergo such lateral changes, and with the relation-
ship of paleogéograpny to oil accumulat ion.

Argillaceous and arenaceous sediments predominate in the
Cenozoic deposits of the Texas and Louisiana Gulf Coast. Almost all
formations contain these two types of sediments in varying propor-
tions, and this general lithologic similariiy among the formations
contributes to the difficulty of defining formational limits. The
continental facies of some of the formations contains volcanic ash
and other pyroclastic material. Pure limestone strata are rare and
mest ¢of the lime in the sect;on is in the form of cementing material
in sandstone, as reefs around salt domes, in the form of lime nodules,
or contained in marls.

A number of unconformities are present in the Tertiary section
at the outcrop and some probably extend as far gulfward as Harris
County. The section must also contain many diastems as will be
shown later. |

The general classification of the Tertiary and Quaternary

1
deposits in eastern Texas, according to Plummer , is given below.

1.
Sellards, E. H., Adkins, W. S., and Plummer, F. B., Geology of
Texas: The Univ. of Texas Bull., no. 3232, p. 530, 193%.

4
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Classification of stratigraphic divisions in Texas

Grou Formation Members
Age oup © Northeast Texas
Pleistocene Houston Bgau@ont Undivided
1issie Undivided
Pliocene Citronelle Goliad Undivided
Pl;gge“e Fleming lagarto Undivided
Miocene Oakville Undivided
; - Onalaska
Ollgocene? Catahoula Chita
Subsurface Discorbis 2zone
Gueydan st rata Heterostegina zone
Marginulina zone
Oligccene Frio Absent east of
Brazcs
Subsurface -
strata Undivided
Whitsetd
Jackson Fayetie McElroy
Caddell
Yegua Undivided
Cook Crockett Undivided
Claj- Mbe# Sparta Undivided
borne -
M. Vieches Undivided
Sel- —hcen City Undivided
mans e
Reklaw Undivided
Eocene Carrizo Undivided
Sabinetown Undivided
Calvert Rluff
. Rockdale Simsboro
Wilcox Butler
3 Caldwell Knob
Seguin Solomon Creek
Kerens
Wills Point Worpham
Midway g?klah
. . isga
Kincaid Littig

*According to United States Geological Survey usage in 1932.
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Formations older than the Crockett have not yet been reached by the
1
drill in Harris County , and the classification of the deposits in

1.
Note: See footnote on p. <.

Harris County to be used here is not identical with that of Plummer.
A table of classification for the deposits in Harris County and
vicinity with a resume of formational properties will be given when
a detailed description of the formations is made.

A most striking feature of the Cenozoic section here is its
great thickness and a characteristic‘gulfward thickening of most of
tihe constituent formations. An estimate of the thickness of these
beds may be obtained by combining the sections from a series of deep
wells which are located along a line generally parallel to the
regional dip. The well nearest the coast will give the thickness of
thie younger formations, and those located farther inland will give
successively the thickness of the older formations. The following
wells have been selected for this purpose and the sectional thick-
nesses recorded: '

Shell Petroleum Corporation No. 1 llaco Stewart,

located in southern Galvesion County; Recent to Top Feet
0f Frio = = = = = = = = = = = 0 o0 e = o = - - = - - - - 10,857

Skelly 0il Company No. B-14 F. C. Cobb, located
in Van Vleck Oil Field in northern Matagorda County;
Frio « = = = = =« = - - - e e e - . e - - - - - - -

4,275

Bunte Oil and Gas Company - Texas Gulf Producing
Company No. 1 Westmoreland Development Company,
located in Harris County west of Houston; top of
Textularia warreni zone to top of Yegua - - ~ - - - =

2,050

The Superior Oil Company of California No. 1
D. F. Butler, located in Eorthern Harris County; top
of Yegua to top of Wilcox™- = ~ = = = = = = ~ = - - -

3,513
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Hall-Edwards et al No. 1 Francis Fulcher, located
in east-central Madison County; top of Wilcox to lower

part of Midway = = = = = = = ¢ ¢ - 6 o - o - = = = = 3.964
Total thickness of Cenozoic more than - - - - - 24,059

2e
Note: The contact which is called the top of the Wilcox in this
well may be as young as the top of the Sparta. It is the top of
the first sand below the Crockett. No Weches fossils have been
found. The interpretation that this sand is Wilcox in age rests
on the assumption that the Sparta, Queen City, and Carrizo sands
have completely shaled up and that the Weches marine fauna has
graded down-dip into a fauna indistinguishable from the Crockett
fauna. This interpretation is the most conservative one possible
and is the one here accepted for the purnoses of this table though
the writer considers a younger age for this sand quite possible.

If the sand is younger than the Wilcox, then the observed thickness
of the Cenozoic is considerably greater than the thickness here

attributed to ite.

As indicated above, this figure for the total thickness of
the Cenozecic Fformations represents only a first approximation
obtained by projecting shoreward the thicknesses of the lower form-
ations measured at points farther inland. It is not probable that
the Tormations retain their thicknesses over the distances involved.
Two other possibilities exist. One is that during any particular
cycle of sedimentation, the supply of sediment may not have been
sufficient to build the wedge-shaped formation out as far as the
present shore line, or that the cyele may have been interrupted
before this could be accomplished. The other possibility is a con-
tinued gulfward thickening of the formations. As deeper drilling
for oil continues in the Gulf Coast, it is becoming more and more
certain that thickening continues at least as far as the present
shore line. If one assumes a continuation of formational thickening

instead of a maintenance of the actual thicknesses recorded at points

inland, a much greater figure for the estimated thickness of the
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Cenozoic is obtained. The following table shows the thickness of
the Cenozoic formations estimated by projecting shoreward rates of

thickening observed in areas farther inland:

Feet
Recent to Transition Beds (inclusive) 11,000
Frio 5,200
Textularia warreni Beds 1,490
Jackson 2,500
Yegua 1 1,850
Crockett~Carrizo (inclusive) 2,760
Wil cox~-Midway 11,600

36,400

1.

Note: This estimate is based on the same assumption given in
the footnote on page 8, If the age of this sand should be proven
to be younger than Wilcox, several thousand feet must be added to
the estimated thickness of these beds.

It is altogether possible that even this estimate is less
than the real thickness of these deposits. All evidence available
at the present time shows not only that formational thickening con-
tinues but also that the rate of thickening itself increases with
.proximity to the present shore line. For example, if we were to
estimate the thickness of the deposits from the Recent to the top
of the Frio in southern Galveston County by vrojecting the amount of
thickening involved between Tomball wells and the Westmoreland well
in southern Harris County, an estimate of 7400 feet would be obtained.
When the Shell Petroleum Corporation's No. 1 Maco Stewart well was
drilled in southern Gelveston County, however, these deposits were
found to be 10,257 feet thick. Thus the estimated thickness is only
72 per cent of the true thickness of these formations. The area
occupied by the tier of counties adjacent to the coast has been

depressed much more than the area farther inland. In view of this
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‘fact, it would not be unexpected to find that the Cenozoic deposits
along the coast south of Houston, Texas, reach a thickness greatly
in excess of 35,000 feete

While it is probable that these deposiis do reach a thickness
of 35,000 feet, the fact remains that formational thickening as far
south as the present shore line has not yet been proved for form-
ations older than the Frioe. However, formational thickening to a
point 15 miles north of Houston for deposits of Cook Mt. age has
besen proved.

. 1
It is interesting to note thait Howe has arrived at a similar

Lle

Howe, Henry V., Russell, Richard J., McGuirt, James H., Geology
of Cameron and Vermilion Parishes: La. Geol. Surv. Bull. no. 6,
p. 41, 1235.

estimate for the thickness of the Cenozoic in southern Louisiana.
He and his colleagues estimate that the base of the Tertiary in
the southeastern portion of Vermillion Parish is at a depth of
31,250 feet. While the posi~Oligocene deposits there are thicker
than they are in southern Galveston and lMatagorda Counties, Texas,

the total thickness of the Cenczolc in the former area is probably

not greater than in the latter.

Criteria for Distinguishing liarine Deposits from Non-Marine.-

Before going forward to a detailed description of the Cenozoic
formations and to an interpretation of the facts of stratigraphy
as represented by the core records, Schlumberger Logs and other
data to be presented, we shall summarize the criteria here relied

upon to distinguish a marine facies from a non-marine faciese
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Some c¢f the criteria that are useful when studying surface
exposures are not available to the sub-surface geologist. Such
features as raindrop impressions and mud cracks are obliterated by
the drill and megascopic fossils are usually broken beyond recogni-
tion.

The presence of marine fossils generally implies marine depo-
sition. Echinoid fragments are valid evidence for marine conditions
of accumulation, but they do not occur with sufficient abundance
throughout the Texas Gulf Coast Tertiary and Quaternary to be of
more than occasional assistance. All but an insignificant number
of ostracods are restricted to marine or brackish waters. Since
fresh-water ostracods do not appear to be present in the beds in
this area, the presence of ostracods may be taken as indicating
marine deposition. They are not found in great abundance, however,
and their value 1s correspondingly limited. Fragments of pelecypods
and gastropods occur abundantly in parts of this section, but while
they are usually marine, soume may be Iresh-water forms, and they
should not be used unless their identity can be established.
Frequenfly this is not possible. The only fossils which are small
endugh to escape destruction during drilling operations and yvet
occur in sufficient abundance to be generally useful are the foramin-
ifera. While this group is not exclusively marine, it is nearly so,
and the fresh-water forms seem either not to have existed here during
Cenozoic time or were not preserved. Even errors due to the possible
existence of non-marine forws can be eliminated because the foramin-
ifera usually are sufficiently well-preserved to permit identificatione.

Care must be exercised, however, that only fossils indigenous
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to the formations are used. It is a fact that marine fossils can
be, and have been, eroded out of Cretaceous and older beds and re-
deposited in non-marine Cenozoic strata. Furthermore, small marine
fossils may occur far inland in terrestrial dunes, having been
transported when the winds were from the sea. No exact rule can be
formulated to guard against such a contingency. Only the general
aspect of the fossil will give evidence of possible redeposition

by wind or water. Fossils bearing evidence of redeposition cannot

as a criterion for determining the conditions of depesition

Ci

use

cr
[¢]
<

of the beds in which they are found.
The presence of indigenous glauccnite in a bed also indicates

marine deposition. Galliher in his recent work on glauconite states

1.
Galliher, E. Wayne, Geology of Glauconite, A. A. F. G. Bulle.
vole 19, no. 1lle, pp. 1569-1601, 1937.

that its diagenisis from biotite occurs exclusively in a marine en-
vironment. While glauconite is thus a useful index mineral for
marine beds, the difficulty of distinguishing indigenous glauconite
from reworked glauconite detracts from its usefulness. There is,
seemingly, no good way of distinguishing these two types. For the
purposes of this investigation then, the presence of glauconite
in a bed will not be taken as conclusive evidence of a marine origin
of that bed but will be considered as strong supporting evidence
when other characteristics suggest a marine origin.

While glauconite and marine fossils are the only indices of a
petrographic and paleontologic nature for marine beds, one other

type of criterion is available. This type is structural, and only
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one such criterion seems to be applicable to subsurface work. A4
large areal distribution and relatively uniform thickness of thin
sands is found only in marine beds in the Gulf Coast Cenozoic
deposits. The transition from highly lenticular sands in the non-
marine facies of a formation to "blanket sands", as the more con-
tinuous beds are called, in the marine facies is an almost universal
characteristic of the Cenozoic deposits of this area. The areal
extent of the non-marine lenses is measured in hundreds or thousands
of feet, while the extent of the marine blanket sands is heasured
in miles or tens of miles. There is generally no mistaking these
types of sand bodies.

To prove that sediments are non-marine is ordinarily more
difficult than the converse because they rarely contain fossils
of any kind and because the absence of a marine fauna cannot be
taken to imply a non-marine facies. It is true that leaf imprints
and pieces of silicified wood are sometimes found in cores, but
these can be and sometimes are washed out to sea some distance from
the shore and beccme deposited in marine sedimenise

There is likewise little evidence to be derived from the
petrography of the sediments because the source generally is the
same for all facies of any particular formation. There is one
lithologic character, however, which seems to furnish a valid
criterion for this particular area. At the outcrop of the Yegua
where tree stumps in situ establish its terrestrial character, there
are many bveds of unaltered ash, ashy sandstone and ashy shale. This
is not true of the formation a considerable distance down the regional
dip where there is an abundance of marine fossils though 1t does

contain, as an equivalent, thin beds of bentonite and bentonitiec
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shale. Thus a section barren of marine fossils but containing
numerous ash beds may be considered non-marine.

Just as blanket sands suggest marine deposition so highly
lent icular sand bodies point toward non-marine deposition. Where
a considerable number of.wells have been drilled, and Sciilumberger
Logs are available, any lenticularity of the sands may be readily
detected and non-marine deposition is.implied.

Of the several criteria given, none can be said to supply
absolute proof of the mods of origin of the beds which they charac-
terize. We have noted that marine fossils and glauconite can find
their way into non~marine beds. Likewise ash beds and sand lenses
can be found in marine deposits. Yel a strong case is established
for the mode of origin of nearly every formation, because in nearly
every instance where one of iihe criteria is present one or more
other criteria, indicating the same mode of origin, are present also.
Each case rests upon two or more convergent lines of evidence. But
what is mosi important is that in formations where evidence of both
marine and non-marine deposition is present, the features which
indicate non-marine deposition are found landward from the area where
marine characteristics are prevalent in the formation. This presents
a rational picture of the formation and is consistent with the
Cenozoic historykof the area since all marine invasions came from
the southe

Eocene Seriese
Claiborne Groupe
Crockett Formatione
The oldest formation penetrated by wells drilled for oil in

1
Harris County, Texas, is the Crockett . The lower limit of this
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le
Note: See footnote on p. 2.

formation at the outcrop is the contact between the underlying non-
fossiliferous, continental sands of the Sparta formation and the

overlying fossiliferous, marine shales, sandy shales and sands. The

upper limit is the highest occurrence of Ceratobulimina eximia
(Rzehak).

Little 1is known of the Crockett formation in Harris County
since only a few wells ever reached beds of this age, and only data
of a general nature are available on the Crockett of those well
sections. However, many wells have been drilled through the
Crockett up the regional dip from Harris County, and generaliza-
tions can be made about tne strata ol this age in the eaétern part
of the Texas Gulf Coast, and some inferences can be made about them

in Harris Countye.

Contact with the sSub-Formatione
2

Plummer reports the presence of a disconformity at the Sparta-

e
Plummer, F. B., loce. cit., p. 652.

Crockett contact in the outcrop. There are no subsurface data to
indicate the nature of the basal contact in the vicinity of Harris

Countye.

Distribution and Thicknesse
Strata containing a Crockett fauna have been reported in well

sections from Webb County in southwestern Texas northeastward across
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the state to the Sabine River. The formation is exposed at the

surface in the eastern and central part of the Texas Coastal Plain.
1
In the Lower Rio Grande Region, Trowbridge describes the upper part

le

Trowbridge, A- Ce., Tertiary and Quaternary Geology of the Lower
Rio Grande Kegion, Texas: U. S. Geol. Surv. Bull. no. 837,
pp. 121-124, 193%.

of the Cook Mountain as being more shaly than the rest and having
a distinctive fauna. Since this immediately underlies the Yegua,
it is probably the equivalent of the Crockett formation in eastern
Texas. Crockett strata were also encountered in the Amerada Petro-
leum Corporation's No. 1 Weil well in the Cheneyville 0il Field
in Rapides Parish, Louisiana, and equivalent beds have been reported
at the surface in Lecuisiana.

The Crockett is 125 feet thick at the outcrop in thne Brazos
River valley of Rotertson County according to Renick and Stenzel.
It is from 400 to 450 feet thick in well sections in Houston County,
nearly 9500 feet thick in ﬁalker County and 550 feet thick in Grimes
County. The Magnolia Petroleum Company's No. 1 Wm. liartens well,
located in.northern Harris County, was drilled approximately 750 feet
into the Crockett without any indication of having reached Sparta
beds, and The Superior Oil Company of California No. 1 Butler well
in northcentral Harris County encountered at least 1500 feet of
Crockett stirata. In the Cheneyville 0Oil Field in Louisiana, it is

539 feet thicke

Lithologye
The following generalized descriptions of the cores from the

Crockett formation in the lagnolia Petroleum Corporation's No. 1
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Wm. Marten well, located in the Tomball 0il Field, have been re-
portedr:r

(Figures at the left represent distances in feet below the
estimated top of the Crockett)e

0=-2 Brown sand and shalee
3-5 Hard, broken sand and shalee
20-22 Hard sand and shale.
53~55 Sand and brittle shalee.
62-64 Sandy shale.

109-111 Brown sandy shale.

l26-~128 Sand and brittle shales

137-139 Hard sandy shalee

157-169 Brittle shales

134-186 Brittle shale.

210-212 Black, brittle shalee

231-233 Black, brittle shalee

251253 Sandy shalee.

284-286 Sandy shale.

304-306 Brittle shale.

321 ~323 Black, hard, sandy shale.

351353 Sandy shalee

408-410 Sandy shale.

425-427 Hard, brown shalee

452-464 Hard, sandy shalee

494-496 Sandy shalee

524-526 Hard shale.

553-555 Sandy shalee

597-599 Brittle shale.

607 ~-609 Brittle shaleo.
631-633 Brittle shale.
664-666 Brittle shale.
704=706 Brittle shale.
723=-724 Brittle shale.
T7T57-759 Brittle

shales

Samples of these cores are not available so that more detailed
descriptions cannot be given. However, data froh well sections
outside of Harris County indicate that the Crockett is largely shale
with a minor amcunt c¢f sandy ;hale and sandstone. The shale varies
in coler from gray to chocolate brown, is fossiliferous and, fre-
quently, glauconitic. All beds have parallel laminatione

1
Plummer describes the formation at the surface as consisting
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1.
Plummer, F. B., loce cite, p. 660

"of about 90 per cent fine sediments, clay, shale and sandy shale,
9 per cent medium-grained sedimenis, sand and glauconite, and 1

per cent rock, limestone and ferruginous concretions".

Conditions of Accumulatione.

The Crockett in well sections contains marine fossils and
glauconite. While the Crockett in the vicinity of Harris County is
nearly devoid of sands and the criterion of the continuity of thin
sands cannot be applied, the faunal evidence leaves little doubt
as to the marine origin of this formation. Most of it at the surface
is likewise marine. The lower and middle portions at the surface
are entirely marine while the upper part contains both marine and

non-marine sediments deposited, apparently, near the shore linee.

Paleogeographye.

The shore line during lower and middle Crockett time was an
unknown distance inland from the site of the present day outcrop,
and during upper Crockett time, the seas retreated to a position
a short distance south of the outcrop, leaving tine area now occupied
by Harris County a considerable distance seaward from the shore line

all during that periode

Yegua Formatione
Overlying the Crockett beds is the Yegua formation. Two wells
in the Tomball Oil Field have been drilled through the Yegua, and

another, the Amerada-Stanolind's No. 1 John Bode, located in the
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same area, penetrated 1138 feet below the top of the Yegua but did
not reach the Crockett. The Amerada-Stanolind's No. 1 Louis Dopslauf'
well at Fairbanks.waé drilled 970 feet into thé Yegua. The two

wells last mentioned were extensively cored in the Yegua and furnish
a great deal of information in this formatidn. Another well, located
three miles west of the Harris County-Waller County line, was

drilled into the top of the Crockett, and its records are quite

extensive and available. In addition to these wells which were

there are manv which

Ari 11
LW O QU A N % J

[}
£
(4]
)

throt or nearly through the Yegua,

o

have been drilled 300 -to 500 feet into this formation giving

abundant data on this part of the sectione

Contact with the Sub-Formatione
At the outcrop the Yegua lies unconformably upon the Crockett
formation. It is not definitely known whether or not this uncon-

formity extends as far south as Harris Countye

Distribution and Thicknesse

The Yegua underlies all parts of Harris County except the
places where it 1s pierced by salt plugs. This is likewise true
of all the rest of the Texas and Louisiana Gulf Coast south of the
outcrope

The Superior 0il Company of California No. 1 Butler well in
northern Harris County went through 1434 feet of Yegua sediments.
A greater thickness must be given 1o the‘formation in southern
Harris County. In northern lontgomery County it is 1242 feet thick

and at the outcrop it is about 1000 feet thicke
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Lithologic Character and Struciuress,.

Descriptions of the cores taken in the Yegua from two wells
in Harris Couniy and from two wells located in Montgomery County
are given below. While the latter two were not extensively cored,
certain facts are shown which have important bearing on the paleo-
geography of the‘area.

The figures at the left indicate the distances in feet below

the top of the Veguae

Cored portion of the Amerada-Stanolind's

. No. 1 Louis Dopslauf at Fairbanks

0-20 Not cored. Schlumberger indicates shale.

20-21 Fine-texiured sandstone.

21-23 Brownish black, pyritic, micaceous shale with very few
streaks of fine sandstone; foraminifera present.

23~24 Fine-textured sandstone, slightly micaceous and lignitic.

24-33 Brownish black, micaceous, lignitic shale with very thin
streaks of fine sandstone.

35-35 . Brownish black, biotitic, lignitic shale; a considerable
amount of pyrite and abundance of fossilse

35~40 No recovery from core. Schlumberger shows shales

40-45 Brownish black, biotitic shale with woody lignitic

fragments and a considerable amount of pyrite;
foraminifera and shell fragments abundant.

55-180 Not cored. Schlumberger shows shale with a few thin
sandy beds.

180~182 Brownish gray, biotitic shale; shell fragmenis abundant
and foraminifera commone.

182-187 Brownish gray, biotitic, lignitic shale; shell fragments
abundant and foraminifera common.

187-187% Gray, slightly sandy, very glauconitic shale containing
yellow chert grains; shell fragments and foraminifera
abundante :

187%-194 Brownish gray, glauconitic shale; shell fragments and
foraminifera abundante.

194=-195 Fine-textured, light gray, friable sandstonee.

195-196 Intercalated, brownish gray shale and fine sandstone.

196~198 Fine-textured, light gray, friable sandstone.

198-200 Intercalated, fine-textured, cross-bedded sandstone and
brownish gray, biotitic, silty shale containing
lignite fragmentse

200~-202% Fine-textured, friable sandstonee
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202:~-203 Light gray siltstone with very thin laminae of lignite
and shale.

203-208%z Brownish gray, biotitic, pyritic shale with very thin
laminae of siltstone.

2084-209% Fine-textured, very micaceous, lignitic sandstone.

2095~210z Brownish gray, very micaceous shale with thin laminae
of siltstone.

2105-212 Fine-textured, light gray sandstone.

212-213 Brownish gray, lignitic, blotitic, pyritic shale with
thin laminae of siltstonee.

213-2143 Fine-textured, light gray sandstone.

214%z-215 Laminated, brownish gray shale and siltstone.

215-218 Fine-textured, light gray sandstone.

218-220 Fine-textured, light gray sandstone with laminae of dark
micaceous shalee

220-221 Fine-textured, biotitic sandstione.

221-527 Brownish gray, silty shale with thin laminae of fine
gray sandstone; foraminifera presente.

227-236 Brownish gray, micaceous, lignitic, slightly silty shale;
foraminifera present.

236-240 Brownish gray, micaceous shale; foraminifera presente.

240-251 Brownish gray, micaceous shale, small lignite fragmentis;
shell fragments and foraminifera very abundante

251-251z Gray, very glauconitic, slightly sandy shale; shell
fragments and foraminifera presente.

2513-253z Fine~textured, slightly glauconitic, shaly sandstone;

] pelecypods and foraminifera presente.

2535-255 Cross-bedded, micaceous siltstone with thin laminae of
lignitic, micaceous shalee.

255-260 No recovery. Schlumberger shows shale.

260-271 Brownish gray, lignitic, micaceous shale; foraminifera

resente
271-274 Brownfsh gray, lignitic, micaceous, slightly glauconitic
. shale; foraminifera present.

274-295 Gray shale with very thin sireaks of fine sandstone.

275-293 Fine~-textured, light gray sandstone with thin laminae of
dark carbonaceous shalee

293-296 Fine, gray, silty sandstone with laminae of dark gray
shalea

296=-301 Not cored. Schlumberger shows sandy shalee

301-311 No recovery from cores
301-305 Schlumberger shows sandstonee.
305-308 Schlumberger shows shalee
308=311 Schlumberger shows sandstonee

311-311% Dark gray, silty shales

3115-313% Fine gray sandstonee

313z-317 Intercalated fine gray sandstone and dark gray micaceous
shaleo

317-318 Very fine-textured sandstone with very thin laminae of
dark shalee

318-320 Intercalated, fine gray sandstone and dark gray micaceous
shalee
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520~321

521-326

326-349
349=352
352=-356

356-358

358=-359
359~362

362-363%

363%-364%
3645-366%

5661368
368-379

379-381
581-~3863

383-386%

386%-388%

3885=392
392=385
B395-396
396-399
399-405
405-413
413-414

414-417

417-428%
428%~434

434-~437

437~44.6

23

Fine-textured, light gray, shaly sandstone with a con-
siderable amount of lignitic, woody fragments;
foraminifera present.

Dark gray, very lignitie, slightly silty shale; foram-
inifera rare.

Dark gray shale; foraminifera very abundant.

Light gray siltstone with thin laminae of dark shale.

Fine-textured, light gray, slightly shaly sandstone
with an abundance of lignitic, woody fragments,

Light gray siltstone with thin laminae of dark shale.

No recovery from core. Schlumberger shows shale.

Fine-textured, gray, quartzitic sandstone with an
abundance of plant remains, some of which are
pyritized,

Intercalated, fine gray sandstone with brownish gray
shale containing plant remains.

Very fine-textured, gray, shaly sandstone containing
plant remains.

Intercalated, very fine-textured sandstone and brownish
gray shale; plant remains present,.

Fine-textured, gray, lignitic sandstone.

Intercalated, fine, gray, ligrnitic sandstone and
brovmish gray shale.

Fine-textured, grey sandstone.

Fine~-textured, cross-bedded sandstone with laminae of
black carbonaceous shale.

Fine-textured, gray sandstone.

Black, carbonaceous, biotitic, shaly silistone.

Brownish gray shale with thin laminae of sandstone and
siltstone.

Brownish gray, slightly silty shale; foraminifera
abundant.

Very fine laminated sandstone with lignitic fragments.

Not cored. Schlumberger shows silty shale. o

Brownish gray shale; shell fragments and foraminifera

abundant. .
Brownish gray shale with streaks of siltstone; foram-

inifera rare.

Gray, very glauconitic, slightly sandy shale; shell
fragments and foraminifera present, . .

Dark gray, slightly bentonitic shale with thin laminae
of siltstone.

No recovery from core.
silty shale. .

Brownishtgray shale with laminse of sandstone and silt-
stone. .

Brownish gray shale with laminae of sandstone gn@ silt-
stone and containing an abundance of lignitic, woody

fragmentse. o
Brownish black, biotitic, pyritic shale containing

lignitic plant remains and an abundance of foram-
inifera.

Schlumberger shows slightly
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446-449
449-452
452-454

454-460
460~4564

464-465
465-477

477-483
483-488
488497
497-500

500-502.
S02-503

503-505
505~-516

516-521
521-522

24

Fine~textured, cross-bedded sandstone with thin beds
of brownish black, biotitic, lignitic shalee.

Hard, medium-texiured, cross-bedded sandstone with

laminae of lignitic shalee

medium-textured sandstone with a considerable

amount of lignite.

Fine-textured, very lignitic, micaceous sandstonee

Fine-textured, bilotitic sandstone with laminae of
carbonaceouls shale.

Hard, fine-~textured sandstonee.

Fine~textured, lignitic, biotitic sandstone with laminae
of carbonaceous shalee

Finely interbedded brownish black, biotitic shale and
fine~textured sandstonee

Brownish black, very silty, lignitic,

lledium-textured sandstone.

Intercalated, brownish black shale and fine-texiured
sandstone.

Nc recovery from core. Schlumberger shows shalee

Brownish black, lignitic shale with thin laminae of
fine sandstone.

Fine-textured, black, shaly sandstone.

Brownish black, biotitic, lignitic shale with thin streaks
of fine, gray, cross-bedded sandstone.

Brownish black, lignitic, micaceous, silty shale.

No recovery from core. chlumberger shows shalee

Hard,

micaceous shalea

Cored portion of the Yegua in tae
Amerada~Stanolind's No. 1 John Bode well in the
Tomball Qil Field.

(Figures indicate distances in feet below the top of the Yegua)

0-88

868-94

94-95
95-97

97-98

98-99
99-100

100-108

Not cored.
sandy in places;
present.

Brownish black, biotitic, glauconitic shale, containing
pyrite and lignite fragments, and a very small
amount of very fine sand; foraminifera and shell
fragments presente.

Cuttings show brownish black shale, slightly
foraminifera and shell fragments

Brownish black, lignitic, micaceous, glauconitic shale
and fine to medium-textured sand; foraminifera
present.

Fine, silty, cross-bedded sandstone containing glauconite,
mica and a considerable amcunt of fragmental lignite;
shell fragments and foraminifera rare.
Brownish black, bilotitic, lignitic shale and a very small
amount of sand; shell fragments and foraminifera raree.
Lignitic, slightly pyr1t1c siltstone; few shell fragmentse
Brownish black, lignitic shale with streaks of siltstone;
shell fragments and foraminifera present.
Intercalated brownish black shale and siltsione containing
lignite, mica, foraminifera and an abundance of
shell fragments.
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108~111
111-11%2
112-114

114-114%
1143-122

122-130
130~-134

134-136
136~140

140-144
144-145

145-153
153=-157
157-166
166-172
172-196
196-200
200-208

208-217%

2175-222

222~235

235-240
240~254
254-285
255=260
260-261

261-~-28%2

25

Brownish black, very lignitic, micaceous shale; shell
fragments and foraminifera raree

Intercalated fine, gray sandstone and brownish black,
biotitic shalee

Brownish black, lignitic, biotitic shale; shell fragments
and foraminifera present.

Fine to medium-textured sandstone,
biotite and shell fragmentse.

Brownish black, lignitic, micaceous, slightly siltiy shale;
shell fragments and foraminifera presente

Brownish black, lignitic, micaceous shale; shell fragments
and foraminifera presente

Brownish black, slightly silty shale; foraminifera exX-
ceedingly abundante.

Brownish black, slightly silty shale; foraminifera rare.

Brownish gray, lignitic, micaceous shale with thin streaks
of very fine sandstonee.

Fine, silty, lignitic sandstone; shell fragments raree.

Fine, cross~bedded, lignitic, micaceous sandstone with
thin laminae of shalee.

Brownish black, lignitic, micaceous shale; shell fragments
and foraminifera present.

Brownish black, lignitiec, micaceous, glauconitic shale;
foraminifera abundant and shell fragments commone

Brownish black, lignitic shale with a few laminae of fine
sandstone; foraminifera and shell fragments commone

No recovery from coree

Brownish black, very glauconitic, slightly silty, lignitie,
micaceous shale; foraminifera and shell fragments
abundant.

Laminae of brown shale and fine sandstone; shell fragments
and foraminifera presente

Brownish black, micaceous, lignitic, pyritic shale with
very little sand and silt; shell fragments and
foraminifera present.

Brownish black, lignitic, micaceous, slightly silty shale;
shell fragments and foraminifera common.

Brownish black, lignitic, micaceous shale; foraminifera
abundant and shell fragments commone

Brownish black, lignitic, micaceous shale with streaks of
very fine sandstone; shell fragments and foraminifera
rarece

Brownish black, lignitic, micaceous shale with fine sandy
streaks; pelecypods and foraminifera very abundante.

Medium-textured gray, lignitic gquartzitic sandstone.

Lignite with a litile medium-textured sande.

lledium~textured, gray, lignitic, quartz sand; grains
rounded to angulare

Brownish black, micaceous shale with a small amount of
fine sand.

No recovery from coree

containing lignite,

Cuttings indicate shales
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282-294
294-294%
294%-296
296-297
297-301
301 -310
310~-317
317~-338
338-339

339-344
344-~-348

348-352.

358~354

554456
356=-358
558~363

363~368
368-372
372-375
375=379
379-382
382-388-
388-398

398~538

538~541
541-550

550=555_
555-556%

556%5-561%

561%-556
566~572

26

Brownish black, lignitic, slightly silty shale; foram-
inifera raree. .

Light green bentonite with a very littile coarse-grained
sand, glauconite and a few foraminiferaes

Coarse sandstone with a little hard, reddish brown,
glauconitic shale; sand grains rounded.

Medium to coarse-textured, friable, glauconitic,
iferous quartzitic sandstone.

Brownish black, lignitic, pyritic, slightly sandy shale;
no fossils. :

Not cored. Schlumberger indicates shalee

Medium-textured, gray quartzitic sandstonee.

No recovery from core. Schlumberger shows sandsione.

Iaminated brownish black, biotitic shale and medium-
textured sandstone.

Medium-textured, quartzitic sandstone..

Brownish black, lignitic, biotitic, slightly silty shale;
foraminifera rare.

Intercalated greenish brown, lignitic, micaceous,
bentonitic shale and fine to medium-textured sand-
stonees _

Greenish brown, lignitic,
of fine sandstone.

Greenish brecwn, lignitic, micaceous, bentonitic shalee

Fine, gray, quartzitic sandsticne.

Greenish brown, lignitic, bentonitic shale;
present.

Greenish brown, lignitic, biotitic, bentonitic shales

Not cored. Schlumberger shows shalee

Greenish brown, lignitic, bentonitic shalse.

Greenish brown, lignitic, bentonitic, glauconitic shale;
shell fragments and foraminifera presente

Greenish brown, bentonitic shalee.

Gray, very sandy, very micaceous, lignitic shalee.

Medium to fine-textured, very micaceous, lignitic
with partings of lignite and micae

Not corede.
398~450
450-460
460-485
485-538

fossil-

bentonitic shale with laminae

foraminifera

sand

shalee

sande

shalee

shale with thin

shows
shows
shows
shows

Schlumberger
Schlumberger
Schlumberger
Schlumberger
bedse
Greenish brown, lignitic,
with a waxey luster;
Greenish brown, lignitic,
with a waxey lustere.
Medium-textured, gray, micaceous sande.
Brownish black, lignitic shalee.
Sandy, silty, lignitic, micaceous shale;
presente
Greenish brown, sandy, lignitic shale; foraminifera presente.
Medium=-textured, gray, lignitic, micaceous sandstionee

sandy
pyritic, slightly silty shale
shell fragments raree

pyritic, slightly silty shale

foraminifera

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



972-574

574-581
581-584

584 -588
588-594
594-644%

6445-645%

6455-646

646~-647%
6473654
654-559
659-667

667-672
672~-677

677-681
681-682
682-686
686-688

688695

695-697
697=-775

T75-T77

777 =-79%

7795-783%
7835-785%

7854=790
790-791

791-793

793=796
796-796%
7963-798
798803
803~815%
8155-825

~Browvnish gray, silty, lignitic,

27

Brownish black, lignitic, micaceous shale; shell fragmenis
raree

Medium-textured, lignitic, micaceous sandstonee.

Interbedded fine sandstone and brownish black,
Shal Qe

Coarse-textured, friable,

Grayish green, slightly sandy,

Medium to coarse-textured, friable,

lignitic

light gray sandstone.
lignitic, micaceous shalee
light gray, quartzitic

sandstorie with occasional laminae of lignite and shalee

Grayish green, lignitic, slightly sandy shale; foram-
inifera present.

Medium-textured, light gray, micaceous, quartzitic sand-
stonee.

Grayish green, biotitic, slightly lignitic, sandy shalee.

Medium=-textured, friable sandstonees

Light gray siltstone; foraminifera presente.

Grayish green, lignitic, micaceous, slightly sandy shale;
foraminifera abundante.

Medium-textured, light gray, quartzitic sandstionee.

Dark brownish gray, lignitic, biotitic slightly sandy
shale.

Fine-textured, light gray, friable sandstones

biotitic shale.

Very fine, light gray sandstone.

Brownish gray, lignitic, micaceous shale; shell
and foraminifera presente

Very fine, light gray, silty sandstonee.

fragments

Gray, lignitic, micaceous, slightly sandy shalee.
Not corede :

697-735 Schlumberger shows shale.

T35=-745 Schlumberger shows sande

745-755 Schlumberger shows shales

7565-770 Schlumberger shows sande

T7T70-775 Schlumberger shows shalee

Very fine, light gray, laminated, cross-bedded sandstone;
foraminifera presente.

Fine-textured, gray sandstonee

Fine-textured, interbedded, gray sandstone and lignitic
shalee

Fine-textured, lignitic, biotitic, indurated sandstone.

Grayish green, lignitic, micaceous, slightly sandy shales

Fine-~textured, cross-bedded sandstone with thin partings
of dark brown shalee.

Brownish black, lignitic, micaceous shale with laminae
of very fine sandstonee

Brownish black, lignitic, silty shalee.

Medium to coarse-textured, quartzitic sandstionee.

Brownish gray, silty, lignitic shale.

Medium to coarse-textured, glauconitic sandstonee.

Medium-textured, light gray, micaceous, friable sandstonee.

Fine-textured, light gray, micaceous, friable sandstone.
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825-829

829~-831
831-839
839-843

843-847
847 -852

852-857
857-880

880-898
898-905
905-906
906-907%
907%-910

910-913
913-921

921-926
926-933
933~-935
935-939
939-9243

943-950
950-957

957-965
965-966
966-968
968-969
969-971
971-973
973-974
974-975

975-989
989-992
992-995
995-997
997~999

999-~1008

28

Fine~textured, light gray, micaceous, friable sandstone
with thin laminae of dark shale.
Gray, very micacesous, very silty, lignitic shale.
Brownish gray, silty, sandy, micaceous shale,
Brownish gray, slightly sandy, micaceous, lignitic shale;
foraminifera present.
Brownish gray, silty, sandy, micaceous shale,
Medium~textured, micaceous sandstone with laminae of
dark shale.
Medium-textured sandstone with thin partings of lignite.
Fine-textured, lignitic, micaceous sandstone with thin
laminae of dark lignitic shale.
No recovery of core. Schlumberger shows sandy shale.
Medium to fine-textured sand with thin beds of gray shale.
Grayish brown, lignitic, biotitic, slightly sandy shale.
White, micaceous siltstone.
Brownish gray, lignitic, micaceous, slightly sandy shale;
foraminifera present.
Medium-textured, lignitic, light gray sandstone.
Fine-textured, very lignitic, micaceous sandstone with
laminae of dark shale.
Laminated siltstone and dark shele,
Brownish black, silty, biotitic shale; foraminifera present.
Fine-textured, light gray, biotitic sandstone.
Brownish black, biotitic shale; foraminifers abundant.
Brownish black, bictitic shale; foraminifera and shell -
fragments very rare,
Brownish black, slightly lignitic, biotitic shale; foram-
inifera and small pyritized gastropods common.
Brownish black, biotitic, lignitic, slightly sandy shale;
foraminifera rare.

Fine to medium-textured, light gray sandstone with laminae
of dark shale.

Brownish black, very micaceous, lignitic, slightly silty
and sandy shale.

Fine to medium-textured, light gray sandstone.

Fine~textured, laminated, micaceous sandstone.

Fine to medium-textured sandstone; contains excellen?®

mollusk casts.
Very fine-textured, silty, leminated, cross-bedded sand-

stone.
Gray, lignitie, very micaceous, silty shale. _
Fine-textured, micaceous, laminated sandstone with
plant and lignite fragments; some leaves well

preserved. .
No recovery of core. Schlumberger shows shale.

Fine-textured, light gray, lignitic sandstone.
Brownssh black, lignitic, micaceous shale,
Fine-textured, lignitic, micaceous sandstone.

Brownish black, lignitic shale.
Fine-textured, very light gray sandstone.
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1008-1013 Brown, very micaceous shale with laminae and small lenses
of fine sandstonee.

1013-1018 Brownish black, lignitic, micaceous shalees

1018~1024 Brownish black, micaceous shale with laminae of fine
sandstones

1024-1031 Medium-textured sandstionee.

1031-1055 Not corede Schlumberger shows sandstones

1055-1058 Very fine-textured sandstone with laminae of lignitic,
micaceous shalee

1058-~1061 Gray, shaly, lignitic, micaceous siltstone.

1061-1063 Dark gray, lignitic, micaceous shale with laminae of
siltstone; foraminifera and shell fragmenis rare.

1063~1066 Brownish black, micaceous shale.

1066-~1067 Brownish black, micaceous, glauconitic shales

1067-1070 Brownish black, micaceous shale, foraminifera presente

1070-~1073 Brownish black, micaceous shalees

1073<1075 Very fine~textured, cross-bedded sandstonee.

1075-1080 Brownish black, micaceous shale; foraminifera and
ostracods presente.

1080-~1083 Brownish black, micaceous shale; foraminifera and shell
fragments presente

1083-1093 Brownish black, micaceous shale; foraminifera presente.

1093-11¥02 Brownish hlack, micaceous, slightly silty shale.

1102-1105 Fine~-textured sandstone with laminae of black shale.

1105-1107 1HMedium to coarse~textured, micaceous, friable sandstonee.

1107-1108 Fine-textured sandsione with laminae of black shalee

1108-1111 Medium to coarse~textured, micaceous, friable sandstonee.

1111-1114 Iledium~textured, micaceous, Iriable sandsionee.

1114-111x7 Gray, shaly sandstonees

1117-1119 RBrownish gray, micaceous shale.

1119-1122 laminated siltstone and gray shale containing lignite
and biotites

1122~1127 Fine-textured, very light gray, friable sandstone.

11287-1188 Fine-textured, light gray, shaly sandstone.

1128-1130 Fine-textured, light gray, micaceous sandstiones

1130-1131 Interbedded, fine, micaceous sandstone and gray shalees

1131~1135 Very fine-textured, very light-colored, friable, micaceous
sandstonees

1135-1139 Fine-textured, light gray sandstone with laminae of dark
shalee

29

Cored portion of the Yegua from the Shell Petroleum Corporation's
Noe 1 Hs. I« Creighton well near Conroe in iiontgomery County.

6-8 Greenish brown, micaceous shale; foraminifera and shell
fragments very abundant; echinoid plates and
bryozoans also present. :

8=9 Very fine, very micaceous sandstone; foraminifera commons

9-18 Brown, micaceous, pyritic shale; foraminifera, gastropods,

and other shells very abundante.
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1832
32-33
35-36
45-47
52-53
53~54
63-64
64~65

73-76
80-81

8l=-84
84 -85
91-92

9697
103-105

113-114

123-125
131~132

143-144
164-~1865
175-176
183-185

194-195
203-204

£214-215
216-217
227-230
240-243
253-254
255-256
266-267
268-269

292-295

313-314
332~335

30

Greenish brown, micaceous, glauconitic shale; pelecypods,
gastropods and foraminifere very abundante.

Hard, brown, glauconitic, ferrugincus, fossilifercus
claystonee. '

Greenish brown, glauconitic, slightly sandy shale; shell
fragments and foraminifera very abundante.

Brownish gray, very micaceous shale; shell fragments and
feraminifera rare.

Brownish black, micaceous shale;

Gray, lignitic, sandy shale.

Gray, lignitic shale and fine sandstone;
rare and shell fragments abundante.

foraminifera raree.

foranminifera

Fine, friable, micaceous sandstone.
Brown, sandy, micaceous shalee
Brown, lignitic shale and fine, micaceous sandstone;

foraminifera and shell fragments rare.

Intervedded, brown shale and fine, micaceous sandstone;
shell fragments present.

Brownish black, micaceous, very

fragments rare..

micaceous, very lignitic shale; shell fragments

rare.

Gray, micaceous shale.

Brown, micaceous, lignific, glauconitic shale;
fragmenis and foraminifera presente.

Gray, micaceous, lignitic, glauconitic shale; foram-
inifera rare.

Very fine, siltiy,

Brownish black, lignitic shale;
fragments present..

Very fine, silty, light gray sandstone.

Brownish black, micaceous shale; foraminifera

Medium-textured, micaceous sandstonee.

Brown, lignitic shale; foraminifera and shell
presente. :

Brownish black, micaceous shale; foraminifera
fragments raree.

Yellow, ferruginous claystone; gastropods and
C ONMONe

Fine-textured, light gray sandstonee.

Brown, lignitic shale; foraminifera presente

Fine to medium-fextured, lighit gray, micaceous sandstone.

Fine to medium~textured, micaceous, lignitic sandstonee

Medium-textured, micaceous sandsione.

Grayish green, micaceous, sandy shalees

Gray, lignitic, micaceous, sandy shale.

Gray, lignitic, micaceous shale; foraminifera and shell
fragments very raree

Light brown shale; foraminifera and shell fragments
Very raree

Medium-textured sandstones

lledium-textured, lignitic sandstonees

lignitic shale; shell

Gray,

shell

light gray sandstione.

foraminifera and shell

present.

fragments
and shell

pelecypods
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344-345
345-3486
358361
371374
384-387
397-400
410-413
423-426
439-442,
452-455
453-466
476-479
489-492
502-505

515-518

O-d

112-116
116-119
119-121
121-129
129-130

130-140.

LRT-R3%
232-234

308-31%
315-316
563-566

566-570
575-580
580-586
588-589
592-602.

643=652
652-653%
6535=-655
658-666
666=670

31

Fine-textured, grayish brown sandstonee.

Fine~-textured, lignitic, micaceous sandstone.

Gray, lignitic, micaceous sandy shalee

Fine, laminated sandstonees

Fine, micaceous sandstonse

Dark gray, micaceocus, sandy shalees

Fine to medium-textured, light gray sandstone.

Gray, lignitic, glauconitic, sandy shale.

Fine to medium-textured, micaceous sandstone.

Fine to medium-textured, lignitic, laminated sandstone..

Fine~textured, light gray, micaceous sandstonee.

Fine, laminated, micaceous sandstone.

Fine, laminated, lignitic, micaceous sandstone.

Grayish green, lignitic, micaceous shale; foraminifera
very rarees

Grayish green, lignitic, micaceous shalee

Cored portion of the Yegua of Chapman & Smith's
Noe.. 1 Delta Land and Timber Company .

Dark, greenish gray, micaceous, lignitic, glauconitic
shale; typical upper Yegua marine fauna present.

Fine-textured, indurated micaceous sandstone.

Soft, lignitic, micaceous, sandy shalee

Grayish green, lignitic, micaceous shalee

Fine to medium-textured, friable, micaceous sandstonee

Fine, lignitic, sandy shale; one Textularia spe., oOne
shell fragment founde

Gray, micaceous, pyritic shale; Ammobaculites sp., and
one pyritized Globerigina spe

Fine-textured, light gray, micaceous sandstone.

Slightly sandy, ashy, lignitic shale containing angular,
glassy fragmentse

Fine-textured, lignitic, micaceous sandstonee

Light gray siltstone; Ammobaculiftes spe presente.

Fine-textured, lignitic, micaceous, ashy sandstone;
many grains very angulare

Dark gray, lignitic, ashy, slightly sandy shalees

Fine-textured, gray sandstonee.

Fine-~textured, micaceous, shaly sandstonee.

Lignitic shale and very fine~textured sandstones

Calcareous sandstone; many red quartz grains and angular,
glassy fragmentse.

Grayish green, lignitic shale.

Fine, ashy, lignitic sandstones

Fine-textured, silty sandstonee

Fine to medium-textured, lignitic sandstone..

Grayish green shalee

These core records together with the cores, rock-cuttings and

Scnlumberger logs from other wells show that sandstone, sandy and
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silty shale, and shale make up the entire Yegua with the exception
of several very thin beds of bentonite and one thin bed of lignite
which occur only in the north part of the county. At Tomball,
sandstone beds varying in thickness from one foot to fifty feet
wmake up forty per cent of the Yegua, while at Fairbanks they con-
prise twenty per cent of the formation.

1
The sandsiones are almost entirely quartzose. Plummer

le
Plumumer, F. Be., Geology of Texas: Univ. of Texas Bull.,
no. 3232, p. 672, 1933.

estimates that the continental sandstones at the outcrop are more
than ninty-nine per cent quartz. This is probably true of the
marine sandstones in Harris County also. The grains are sub-
round, usually clear, but some are milky and a very few are grayish
blue. Very rarely chert grains are preseni, and many of the sand-
stone beds contain muscovite and fragmental lignite.

The shale is characterized by a chocolate brown or greenish
brown color, is brittle and has a conchoidal fracture. The
chocolate brown color is particularly characteristic of the upper
part of the formation and contrasts rather sharply with the gray
shales of the overlying Caddell formation. Nearly all the Yegua
shales contain small fragments of lignite and are micaceous,
biotite being particularly conspicuous. Many of the beds are also
glauconitic and pyritic and occasionally the fossils and lignitic
fragments have become pyritizedes

In the vicinity of Tomball a six-inch bed of light green
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bentonite is present at the top of the formation and another bed
of very light-colored bentonite occurs just above the second sand-
stone about 275 feet or 300 feet below the Yegua~Jdackson contact,
In the same area a six-inch lignite bed is found in the middle of
the first sandstone.

The distribution of the sandstone and shale beds is not uniform
throughout this part of the section. The upper 220-240 feet are
shale with occasional thin streaks of sandy or silty shale. Below
this, sandstone beds from a few inches to Tifty feet thick are
interstratified with the shale, making a very distinet lithologic
break. That this sandstone and shale series continues down as far
as the top of the Crockett is shown by the Schlumberger log and the
cores from the Stanolind et al No. 1 J. W, Thorpe well in Waller
County which was drilled completely through the Yegua formation.

Generally speaking, the sandstone beds are of the blanket
type and do not lens out and interfinger as they do at the out-

The upper five sandstone strata have been drilled or cored

CTop.

frequently in the gquest for oil., All of these can be traced as

much as twenty miles down the regional dip from Tomball and for
considerable distances along the strike.
A considerable number of the thinner sandstone strata are

Since cores give a very small sample of the forma-
It

cross-bedded.

tion, a detailed study of the cross-bedding is not possible.

is important'to note, however, that this structure may be encount-
ered anywhere in the sandy vart of the formation and is not re-

stricted to a particular zone.
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Conditions of Accumulation.

The presence of marine foraminifera, marine ostracods, and
pelecypod and gastropod fragments together with abundant glaucon-
ite establishes the marine character cf the Yegua in Harris County.
This is corroborated oy the continuity of the blanket sands which
are in striking contrast to the lenticular, interfingering sands
of the continental facies at the outcrope.

Paleogeography.

While the approximate position of the shore line of the Yegua
sea can be determined from a study of the sections from wells drilled
north of Harris County, the exact position cannot be established
because of the relatively small number of the wells that have been
drilled into the Yegua formation in this area. The core descrip-
tions of two of the more significant wells have been given above.
It is on ine basis of these core records supplemented by a study
of the rock cuttings from their uncored portions and by a study
of the sections from other wells that the conclusions given below
were reached.

The Shell Petroleum Gorporation's No. 1 H. M. Creighton well
in central Montgomery County was drilled 518 feet into the Yegua.b
This is completely marine. While fossils are very common in the
upper 220 feet they are very rare below this point. It is this
point too that wmarks the break between the upper shale zone and
the lower zone of sandstone and shale. This suggests that the shore
line was a relatively short distance north of this well while all
but the upper 220 feet of the sediments were being deposited. It

is probable that during early Yegua time the shore was a very short
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distance south of the site of the Middle Yegua shore line since
foraminifera are a little more rare in the Lower Yegua than in the
" Middle Yegua at Tomballe Near the close of the epoch, the shore
line moved northward into Walker County and remained there while
the 230 feet of shale in the upper part of the formation were being
deposited in the area now covered by Harris County.
These positions for the Lower, Middle and Upper Yegua shore
lines are substantiated by evidence from the Chapman and Smith
No. 1 Delta Land and Timber Company well in northern Montgdmery
County. While cores were taken in this well only in the upper 670
feet of the Yegua, it was drilled into the Crockett and the rock-
cuttings from the whole formation have been examined. In a core
232 feet below the top of the formation an ashy, slightly sandy
shale bed was found. Below this bed are a number of similar ashy
strata. One bed of ash more than 10 feet thick was encountered a
little less than 1000 feet below the top.
In the upper part of this ashy series are several sandy shale
beds that contain Ammobaculites sp. Sgecial significance is

attached to this genus. Of it Cushman says: "There is a wide

l.

Cushman, J. A., Foraminifera Their Classification and Economic
Use: Cushman Laboratory for Foraminiferal Research Special
Publication, No. 1, p. 108, 1928.

range of nabitat in the present ocean, soime species cnly found in
cold, deep water, others in very shallow warm waters of the tropics."

While it is often found here in the Tertiary associated with other
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marine foraminifera, it frequently occurs alone in sandy beds
situated in localities farther north (shoreward) than the areas
where other genera are found. It seems to ave been able to sur-
vive in shallower water and nearer shore than other forums. Iﬁs
presence in these sandy beds when other marine fossils are absent
is considered indicative of the proximity of the shore line. Above
ihe first ashy bed in this well is an abundance of marine fossils.

Aside from minor fluctuations, these facts indicate that

0.

uring Lower Yegua time the shore line was in the vicinity of the

hel

4]
-

Fetroleum Corporation's No. 1 H. k. Creighton well, that
during Middle Yegua time it migrated a short distance nortnward
somewiere between the latter well and the Chapman and Smith No. 1
Delta Land and Timber Company well and that during Upper Yegua time
when the upper 230 feet of shale were being laid down in Harris
ACounty the shore line stood somewhere in Walker County (Fig. 2)
It should be noted that the greatest movement of the shore line
came after the lower 1100 feet of sand and shale had been deposited
and before the upper 230 feet cf shale were laid down. The difference
in the position of the Lower and iiiddle Yegua shore lines was not
great. Tne only reason for assuming any difference at all is the
greater scarcity of fossils, aside from Ammobaculites sp., in the
Lover Yegua than in the iddle Yegua at Tomball.
Jackson Groupe
Fayette Formatione.

Immnediately overlying the Yegua beds in the Texas Gulf Coast

is the Fayette, the only formation in tire Jackson Group of Texase

#hile many wells have been drilled through this formation in Harris
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County and elsewhere in the Gulf Coast, it is rarely cored in the

eastern half of the Texas Gulf Coast because it generally contains
1

no beds that would make suitable reservolir rock for oil accumulation,

1.
Note: The Raccoon Bend 0il Field furnishes the only instance in

eastern Texas of oil derived from the Jackson.

One must, as a consequence, rely largely on Schlumberger logs and
the rock-cuttings washed up while drilling to furnish the data for
a subsurface study of the Fayette. Because of the delay in the
return of these cuttings to the surface and because caving of the
overlying formations contaminates the samples, it is difficult to

determine accurately the properties of a section from rock-cuttingse.

Contact with the Sub-Formation.
The Jackson group rests conformably upon the Yegua both at the

outcrop and in well sections throughout Texas,

Subdivisionse.
A division of the Fayeﬁte of Texas into three members has

come into general recognition. From the oldest to the youngest,

these members are called the Caddell, the McElroy and the TWhi tsette.
Various writers have subdivided each of these at the outcrop on a

lithologic basis into a number of thinner zones.

While these names for the three members of the Fayette are in

general use, there 1s no unanimity in defining theér limits.3 Three

of the most recent writers on the Jackson, Ellisor , Plummer , and

4 .
Renick , have defined the members on a basis of 1lithologic proper-
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2e :
Ellisor, Alva Christine, Jackson Group of Formations in Texas

with Notes on Frio and Vicksburg: A. A. P. G, Bull., vol. 17,
no. 11, pp. 1293-1350, 1933, _

5 . : .
Sellards, E. H., Adkins, ¥W. S., and Plummer, F. B., The Geology
of Texas: The Univ. of Texas Bull. no. 3232, pp. 667-699, 1932.

4,
Renick, B. Coleman, The Jackson Group and the Catahoula and

Oakville Formations in a part of the Texas Gulf Coastal Plain:
The Univ. of Texas Bull. no. 3619, pp. 13-55, 1936,

ties shown at the outcrop.
The contacts thus described at the outcrop cannot be found in
well sections because the Fayette, with the exception of the

Massilina pratti zone, grades rapidly into a shale facies in the

gulfward direction in the eastern half of the Texas Gulf Coast.

The Fayette from Goliad Couﬁty southward contains some sand bodies,
but even there the contacts between the members as described by
these writers probably cannot be recognized.

The purpose here is to redefine the several members as much
as possible on the basis of properties that are common to the beds
both at the outerop and in well sections south of the outcrop.
Obviously a lithologic basis does not meet this requirement. The
faunas of these Fayette beds provide the only basis for breaking
the formation into members that can be recognized over wide areas.
Two Tossil zones which limit the two lower members can be recog-
nized in well sectidns from the Rio Grande to the Sabine Rivers
and everywhere at the outcrop except in the southwestern part of

the state. There the Fayette is more or less unfossiliferous, and

These zones are the Textularia dibollensis and

largely non-marine.
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the Textularia hockleyensis zones. The definitions of the members

thus developed divides the Fayette much as it has been divided at
the outcrop by recent writers, but they are applicable over larger
areas. Finally, they define the members as they are recognized

by a majority of oil company stratigraphers working in the Gulf

" Coaste.

Caddell.
The lower limit of the Caddell is the top of the Yegua, and

the upper limit is the top of the Textularia dibollensis zone.,

Because of the abundance of Textularia dibollensis Cushman and

Applin, which is the key Tfossil for this member, it is often known

as the "Textulsria dibollensis zone®,

The Caddell is very fossiliferous both at the outcrop and in
well sections. Gastropods, pelecypods and foraminifera are
especially abundant, and echinoid plates, ostracods, pyritized
diatoms, and less frequently, fish teeth may be found at certain
places. A detailed study of the Caddell faunas would doubtless
reveal a number of distinct fossil zones which would be useful
stratigraphic markers. One such zone at the base of the Caddell,
the Moody's Branch, is widely recognized. It contains Camerina

moodybranchensis, Gravell and Hanna and Operculina vaughani Cushman.

This zone can be traced from Texas eastward across Louisiana and

Mississippi into Alabama.

MGEeryo
The McElroy extends from the top of the Ccaddell to the top of

" thHe Textularis hockleyensis zone. Textularia hockleyensis Cushman
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and Applin is the index fossil for this member.
This definition of the McElroy is not entirely in accord with

that of Ellisor whose work is based primarily on lithologic features

1.

Ellisor, Alva Christine, Jackson Group of Formations in Texas
with Notes on Frio and Vicksburg: A. A. P. G. Bull., vol. 17,
no. 11, pp. 1310-14, 1933,

shown at the outerop. She includes the Dilworth sand and the

Falls City shales in the Whitsett. Since the Falls City shales

contain Textularia hockleyensis Cushman and Applin, it is here

included in the Mc¢Elroy.
' 2

Plummer places the top of the'McElroy "at the base of the

2.
Plummer, ¥. B., loc. cit., p. 687,

persistent sandstone locally known as Grovetown or '‘guarry’ sand-
stone which caps the top of the Lipan Hills". The Grovetown 1is the
same as Ellisor's Stones Switch sandstone which overlies the Falls
City shales. Thus the upper limit of the McElroy according to
Plummer is the top of the Falls City shales which is also the top

of the Textularia hockleyensis zone. Plummer actually divides the

Fayette as it is done here, but his definitions cannot be applied
to the formation as it is encountered in well sections.

Like the Caddell, the McElroy is very fossiliferous in well
sections. Pelecypods, gastropods and foraminifera are especially
abundant. At the outcrop, the middle part is largely non-fossil-
i ferous and the rest of the McElroy is not as fossiliferous there

as it is a short distance gulfward.
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Whitsette
The Whitsett includes all beds between the top of the lMcElroy

and the top of the Trochammina teasi zonee At the outcrop it is

in contact with the ashy Catahoula formation in the eastern end of
the state and with the Frio formation in the southwestern part of

the state. In well sections a wedge of marine Vicksburg sediments
overlies the Whitsette.

The Whitsett is very fossiliferous where it is encountered
in wells drilled south of the outcrop. Foraminifera, pelecypods
and gastropods are most abundant. It is less fossiliferous at
the outcrop, but such faunas as it contains distinguish it clearly

- from the overlying unfossiliferous, ashy Catahoula and Frio form-
ations.

About seventy feet below the top of the Whitsett in well

sections Marginulina cocoaensis Cushman is founde Being easily

reccgnized and coming in at a rather constant interval below the
top of the Jackson, it is a good marker for correlating well
sections. The lowest part of the Whitsett is known as the

Massilina pratti zone. The key fossil for this zone is HMassilina

pratti Cushman and Ellisor. The zone is generally 80 feet to 100
feet thick, is easily recognized both in well sections and at the
outcrop in the eastern part of the state but is poorly developed

in southwest Texas,

Distribution and Thickness.
The Jackson is present in all parts of the Texas-Louisiana
Gulf Coast south of the outcrop except in those places where it is

plerced by salt domess Wherever the Jackson is present in Texas,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



42

it is represented by all three members except at the outcrop in
the vicinity of Gonzales County where the Whitsett is overlapped.
In the wells drilled a few miles south of the outcrop in Polk,
San Jacinto, Walker, Montgomery and Grimes Counties, Texas, the
Jackson varies in thickness from 900 feet to 1000 feet. In the
northern part of Harris County it is approximately 1075 feet thick.
The formational thickening of the Jackson between these two locali-
ties is scarcely more than 10 per cent. In northern Harris County
the average thickness of the Caddell is 245 feet, the McElroy 580
feet to 600 feet and the Whitsett 230 feet. Few wells located in
or along tne strike of the southern part of Harris County have gone
through the Jackson. One well, however, the Bunte-Texas Gulf
Producing Company's No. 1 Westmoreland Pevelopment Company well,
located six miles southwest of Houston, was drilled into the Yegua.
In this well, the total thickness of the Jackson is 1380 feet. It
is interesting to note that the most thickening occurred in the
Caddell which is 505 feet thick here. The Caddell has twice the
thickness in this area that it has at Fairbanks Just twelve miles
northward. The LcElroy in this same well is 640 feet thick while
the Vhitsett is the normal 230 feet in thickness. 1In the Stanolind
0il and Gas Company's No. 1 Angeio Candelari well which is located
four miles east of Houston and is 500 feei higher siructurally
than the Westmoreland Development Company well, the total thickness
of thne Jackson is 1243 feet. The Caddell again shows the largest
amount of thickening, its thickness being approximately 400 feet.
In the Sterling 0il and Refining Company's No. 1 Frank Janek well

which is located in northern Wharion County and is over 1400 feet
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higher structurally than the Westmoreland Development Company well,
the total thickness of the Jackson is 1179 feet. The Caddell is
302 feet in thickness. While there may not yet be sufficient
evidence to make definite generalizations, the data here given
strongly indicates a considerable amount of formational thickening
of the Lower Jackson. It is very significant that the rate of
thickening is much greater south of Fairbanks and vicinity than 1%
is north of there. If one assumes a continuation of the same degree
of thickening as is shown between Fairbanks and the Westmoreiand
Development Company well, the Jackson must be 2500 feet thick at
tne present shore line. It is altogether possible that the degree
or rate of thickening increases south of the Westmoreland well as
it does north of it in which case the Jackson would be much more

than 2500 feet thick at the shore linee

Litholegys
The subsurface Jackson in the eastern half of the Texas
Coastal Plain is made up entirely of shale except for the real-
tively thin Massilina prattii zone which in its typical develop-

1
ment is sand and sandy shalee South of Goliad County, the Jackson

l‘.

Note: An exception to this is a sandy zone in the TWhitsett in
the Racoon Bend 0il Field. This is a very local condition, how-
ever, and is confined to the area of the struciure.

contains well-developed sand bodies and is petroliferous. At the
outcrop, the Jackson is lithologically unlike the Jackson below

2
the surface. Flummer estimates that it consists of about 40 per
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2o '
Plummer, F. B., loc. cit., p. 690,

cent sand, 40 per cent sandy or ashy clay, 10 per cent clay, 5 per
cent bentonite or fuller's earth, 4 per cent quartzite, and 1 per
cent lignite.

The shale is bluish gray to greenish gray in color and contains
& very small amount of very minute flakes of mica. Occasionally,
shale beds of a chocolate brown color are encountered in the Caddell.
This lowest member is also quite glauconitic and locally contains

bentonitic beds. The Moody's Branch zone is especially glauconitic

and is slightly marly.

Conditions of_Accumulation.

The presence in well sections of foraminifera, echinoid plates,
and other marine fossils together with glauconite show that the
Caddell was deposited under marine conditions over the area be-
ginning a short distance south of the outcrop. It is also marine

at the outcrop in the eastern part of the state, and Textularia

dibollensis Cushman and Applin has been found at the surface as

far west as Cheepside, Gonzales County. The surface studies of

3
Renick , however, show that westward from Trinity County fluvia-

3.
Renick, B. Coleman, loc. cite., D. 23,

tilé and palustrine deposits are interstratified with marine beds,

The entire McElroy is alsc marine in well sections which are

located a short distance south of the outcrop. Marine fossils are
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abundant. It is partly marine and parily non-marine at the out-

crope Ellisor describes the Wooley's Bluff clays, the lower part

l.
Ellisor,. Alva Christine, loc. cit., p. 1303.

of the hMcElroy in the eastern part of the stiate, as being marine.
The overlying Manning beds, however, contain many beds of volcanic
ash and ashy sandstone which are non-fossiliferous ana non-marine.

2
Renick believes that these strata were deposited "under palustrine,

2e
Renick, B. Coleman, loce. cit., p. 42.

fluviatile, lagoonal and littoral conditions". The Dilworth sand
and Falls City shales, the upper part of the licElroy, are marine,
probably near-shore deposits.

The Whitsett below the surface is marine in all parts of the
Texas Coastal Plain, but at the surface in eastern Texas both
mafine and non-marine deposits are present. Fluviatile and strand-

line deposits are interstratified with shallow water beds.

Paleogeographye.
The general advance of the seas which occurred during Yegua
time cont inued during the Jackson. A maximum for this invasion
in eastern Texas occurred during Caddell time where the shore line
was an unknown but probably not great distance north of the present
outcrop. West of Trinity County, however, the strand-line was
approximately at the position of the present outcrop. A slight

retreat of the sea took place during middle McElroy time. Then the
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strand-line was approximately five miles south of its former
position. The sea readvanced in late McElroy time to a position
a very short distance north of the present outcrop where, with the
exception of minor retreats, it remained until the close of the
Jackson epoch (Fige 3)e

Oligocene Seriese.
Textularia warreni Beds (Vicksburg in part)e.

A wedge of marine shales and sands overlies the Jackson Group
. in well sections in Texas. The upper part of this marine wedge

contains few, if any, diagnostic fossils. Textularia warreni

Cushman and Ellisor and shell fragments comprise the greater part

of the fauna. The first diagnostic fossils are generally found

approximately 200 feet below the top of the Textularia warreni zone.
1
Ellisor has identified this fauna as Vicksburg in age. Out of

le
Ellisor, Alva Christine, loc. cit., pp. 1293-1350.

sixty species identified, fifty-seven were found in the Vicksburg
strata of Mississippi. Although the Vicksburg age of the lower

part of these beds is unquestioned, the equivalent, in the
Mississippi section, of the upper part has not been determined.

The true Vicksburg portion of ithis marine wedge and tie upper part
which contains no diagnostic faunas are treated togethrer here as a
unit because the deposition of the entire wedge marked a single
event in the geologic history of the Texas Gulf Coast =~ namely,

the retreat of the seas at the close of Jackson time from a position

far inland to a position near the present shore line. The whole
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marine wedge thus forms a natural stratigraphic unit. Whether un-
favorable environmental conditions account for the absence of

typical Vicksburg fossils in the Upper Textularia warrenl Beds

or whether these upper beds are really younger than the youngest

Vicksburg strata in Mississippi is yet to be determined.

Contact with the Sub-Formation.
Schlumberger logs and rock-cuttings show no pronounced tex-
tural change in the sediments at the Jackson-Vicksburg contact.

Textularia warreni Beds have never been found at the outcrop in

Texas so that the nature of the basal contact has not been observed
directly. In view of the fact that these beds were deposited, as
will be shown later, as the seas moved gulfward from the inland
position which they occupied at the close of Jackson time, con-

tinuous deposition and conformable basal contact are to be inferred.

Distribution and Thickness.

As stated previously, Textularia warreni Beds have never been

found at the outcrop in Texas, but they have been reported at the

surface in lLa Salle Parish, Louisiana . The Jackson has always been

la
Fisk, He Ns, Personal communication.

found to be overlain by the Catahoula or Frio formations in TeXxase

Fossils of the Textularia warreni zone have been found in the

California Company No. 1 Garcia well in Brooks County, Texas, and
in the Tidewater-Darby 0il Company No. 1 Southwestern Lumber Company

well in Jasper County, Texas, and in numerous wells between these
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two counties. That a continuous wedge of Textularia warreni Beds

extends from the Rio Grande River %o the Sabine River is a certainty.
The distance inland that this wedge extends is not exactly known
although it must be very near the outcrop of the Catahoula-Jackson

1
contact in the eastern part of the state o

Lo

Note; Mr. L. W. Mac Naughton has pointed out to the writer that
the outcropping beds mapped as Jackson in Trinity, Polk, and
Angelina Counties occupy a wider belt than is normal for the
Jackson of Texas. The upper part of these beds are non-marine,
contain no diagnostic fossils, and may be equivalent to the
Textularia warreni Bedse.

These beds are 290 feet thick in the Tidewater-Darby 01l
Company No. 1 Southwestern Lumber Company well which is 29 miles
south of the outcrop of the Catahoula-Jackson contact, and they
are 165 feet thick in the Marathon 0il Company No. 1 Jasper Lumber
Company well located 13 miles north of the former well. This gives
an average rate of thinning between these two wells of approximately
9.5 feet per mile. If this same rate of thinning continues north-
ward, then there should be from 10 to 20 feet of these beds at the
outcrop. The rate of thinning, however, probably increases as the
outcrop is approached, and the beds may be entirely absent there.
The probability is that the inner limit of this body of sediments
is within five miles of the outcrop. Westward from here in Live
Oak Couniy, 120 feet of Vicksburg strata were reported in a well
15 miles from the outcrop of the Frio-Jackson contact. Exact data
of a similar nature for the area southwest of Live QOak County are

not available to the writer. Reason to believe that these beds do
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not extend as near the outcrop there as in eastern Texas, however,
is to be found in the fact that the Jackson in southwestern Texas
is probably non-marine, and since the Vicksburg records a yet
greater retreat of the sea than the Jackson, the assumption is thai
the Vicksburg must be farther from the Jackson outcrop there where
the Upper Jackson at the outcrop is non-marine than in eastern
Texas where the Upper Jackson is a littorial facies.

In the Westmoreland well, southwest of Houston, the Textularia

warreni Beds are 670 feet thick. A% Fairbanks they are from 400
to 425 feet thick, and at,Tomball they are generally between 300
and 400 feet thick. As in the Jackson, a larger amount of forma-
tional thickening occurs in the area between the Westmoreland well

and Fairbanks than in the area north of Fairbanks. The Textularia

warreni Beds thicken at the rate of 20 feet per mile in the former
area, and if this rate of thickening continues southward, these

beds are 1490 feet thick at the present day shore line.

Lithologye

The Textularia warreni Beds are composed of shale, sandy and

silty shale, and sandstone. In the northern pari{ of Harris County,
Texas, approximately 25 per cent of the beds are sandstone or
sandy shale whereas in the southern part of the county they are 1O
per cent sandstone or sandy shalee
The shale varies in color from dark gray to greenish gray,
~and much of it is lignitic. The washed residue of nearly all the
shale beds contains a small amount of siltstone flakes. The sand-

stones are quartzose, and most of the grains are colorless although
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Some are gray, bluish gray or black.

Conditions of Accumulation.
The presence of marine foraminifera and echinoid plates in

the Textularia warreni Beds shows clearly that these are marine

deposits. In the lozer beds where the typical Vicksburg fossils

are present, Ellisor found two distinct feunas. The older of these

1. .
Ellisor, Alva Christine, loc, cit,, p. 1324,

faunas is present farther inland than the younger, establishing

the fact that these beds were deposited in a retreating sea. In
nearly all well sections, the upper beds are quite sandy while the
rest contains very little sand. This suggests, possibly, that this
upper portion is a facies nearer the shore line than the lower part.
This may also account for the scarcity of foraminifera in the upper

beds. A near shore environment may not represent the optimum of

conditions for Vicksburg life,

Paleogeography.
The shore line at the beginning of this epoch was probably
within five miles of the present outerop of the Catahoula-~Jackson |

contact in eastern Texas. This conclusion, based on evidence

already given, rests on the assumption that there waszno beveling

of these beds vefore the deposition of younger strata ; The seas

2e
Note: See p. 88e.

gradually withdrew during the entire epoch. The lower Frio in
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well sections near the modern shore line is marine, and it is

probable that the seas which deposited the Textularia warreni Beds

did not withdraw as far south as the present shore line. The
shore line at the close of the epoch was probably in the central

part of latagorda, Brazoria, Galveston and Chambers Counties.

Fric Formatione.
A thick sequence of clays and sandstiones, which are ashy and
continental at least as far south as Houston, overlies the

Textularia warreni Beds in Texase These beds are known as the

Frio formation. The strata mapped as Frio at the outcrop in south-
west Texas represent only the lowermost portion of the Frio as i%
is here defined. The rest is overlapped by the Catahoula. Some
geologists place these beds in the Catahoula formation. A state-
ment of this problem together with the reasons for reteining the

Frio as a separate, older formation are given later.
Contact with the Sub-Formations

The nature of the basal contact of the ¥Frio in eastern Texas

is not known since it is not known to outcrep in this area. According
1

-

to Flummer , the Frio strata lie conformably upon the Fayette in

le
Plummer, F. B., loc. cite, p. 705,

southwestern Texas. Some workers in that area, however, have found
local areas where the contact appears to be unconformable. The
probability is that no extensive unconformity marks the basal con-

tact of the Frio formation.
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Distribution and Thickness.

The Frio formation is found in well sctions from the Rio
Grande River to the Hississippi River. In the outcrop, however,
it is not found east of Karnes County, Texas, since the Catahoula
completely overlaps the truncated surface of the Frio in the
central and eastern parts of Texas.

The Frio is 1300 feet thick in northern Harris County and is
1886 feet thick in the Westmoreland well soutihwest of Houstone. A
well located 7 miles west of Spindletop, Jefferson County, drilled
2075 feet of Fric beds. The Frio is over 2000 feet thick in a
well section four wmiles soutn of Louise Cil Field in Jackson County.
In Van Vleck Field, Matagorda County, one well section had 4265
feet of Frio strata. This indicates that the Frio must be over

5000 feet thick at the present shore lines

Lithology and Structure.

The Frio formation in Harris County consists of strata of
ashy clays, sandy and silty clays, and ashy sandstones. The sand-
stone content varies from Louisiana and eastern Texas %tc south-
vestern Texas. In the Chenneyville 0il Field, Rapides Parish,
Louisiana, at least 25 per cent of the formation is sand while in
Harris County, Texas, sand accounts for about 18 per cent of all

beds. Plummer estimetes that the Frio is 95 per cent clay at the

le
Plummel", F. Bo, lOCQ cit., Po 7060

cutcrop in southwestern Texas. The thickness of individual sand
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beds varies from a few inches to more than 100 feet. All sand
bodies in the up-dip portion are lenses of limited areal extent.
It is nét uncommon to find a 75~foot or 1l00-foot sand bed present
in one well and entirely absent in a well 1000 feet removed.

The Frio clay in the eastern and central part of the Texas
Coastal Plain is characteristically ashy and light green in color.
Small amounis of red and gray clay are also found. In the lower
200 or 300 feet there is a considerable amount of dark gray, -
lignitic shale. Well sections in Brooks County show that the
clay is largely red in color in that area. The sand grains are
angular tco subangular and often have a glassy luster. 1In the
lower part of the Frio are two or three zones of "rice sand".

The grains in these zones are coarse and composed of milky quartz.
~ These rice sands are lenticular and cannot be used for correlation

purposes. In Brooks county well sections, the sands are found

to be very feldspathic but this characteristic is limited to the

southwestern part of the Texas Coastal Plain. In this same area,

the Frio contains less pyroclastic material and more calcareous

material than is found elsewhere.

Conditions of Accumulation.

The presence of large amounts of volcanic ash, the lack of
parallel structures in the clays, the absence of marine fossils
and glauconite, and the lenticularity of the sands indicate that
the Frio was deposited under non-marine conditions.

Wells drilled near the modern shore, insofar as they have

penetrated the Frio, show that it is marine. Here glauconite and
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marine fossils are universally present in the Frioe. One well
located in the Old Ocean area of Matagorda County was drilled
through 1600 feet of marine Frio strata. The non-marine Frio in
the areas along the sirike of central Harris County and in the
areas up=-dip from here changes into a marine facies southward.

The arkosic character of the sands and the dearth of pyro-
clastic material in the Frio of southwestern Texas indicates a
different source of the sediment there than in southcentral and
southeastern Texas where the Frio sands are non-arkosic and pyro-
clastic material is abundant. The Frio of southwestern Texas was
deposited by east-flowing streams, and the source must have been
the oulcrop of igneous rocks, as well as limestone and shale, in
Mexico. This region was south of the main area of volcanic activity
and received only a small amount of ashy material. The Frio of the
central and eastern paris of the Texas Coastal Plain was deposited
by south-flowing streams. The source of the sediment was in a
region toward the north which was receiving pyroclastic material
since the volcanic centers were in the belt of westerly winds.

The Frio of the ceniral and eastern parts of the Texas Coastal

Plain has, therefore, much reworked pyroclastic material, and it
also has some that was deposited directly in the beds. Since the
source area for this part of the Frio had only sedimentary rocks

outcropping, the sands are quartzoses

Paleogeography.
Marine deposition continued throughout all of Frio time in the
region of the present shore line. The Frio seas gradually moved

inland and by the close of the epoch the shore line was somewhere
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between thé Earris County-Galveston County line and the parallel
of Houston (Fig. 4). Several fossil zones have been reported in
the upper 300 feet of Frio at Hastings Field in northern Brazoria
County. On the other hand, the Frio in the Amerada Petroleum
Corporation's No. 1 Mellie Esperson well, located in the Deer
Park area 9 miles east of Houston, contained ash beds and abundant
plant remains but no marine fossils. The shore line at the close

of Frio time must, therefore, have been between these iwo areas.

The Frio-Catahoula Problene.
The age of the Frio and the correlation of the subsurface
Frio with outcropping beds are in question and a subject of con-
troversy among Gulf Coast geologistse.
The Frio is overlain by a marine wedgé in an area extending
inland from the present shore line approxiwately 80 miles in
eastern Texas and considerably less than 80 miles in southwesiern

b
i

Texas. The marine wedge is divided into the lLarginulina, Heler=

ostegina, and Discorbis zones. Above the marine wedge is a segquence
of pyroclastic and fluviatile beds generally called the subsurface
Catahoula. The surface Catahoula also is composed of pyroclastic
and fluviatile sediments. It rests unconformably upon the Jackson
in the central and eastern parts of the Texas Coastal Plain and
unconformably upon the Frio in southwestern Texas.

In attempting %o correlate the subsurface beds from thé base
of the Frio to the top of the Catahoula with outcropping beds,
three possibilities arise.

First, the surface Catahoula may be the equivalent of the
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subsurface Frio making the subsurface Catahoula the equivalent of
thé lower parti of the surface Fleminge..

Second, the surface Catahoula may be correlated with all the
beds between the base of the subsurface Frio and the top of the
subsurface Catahoula..

Third, the surface Catahoula may be the equivalent of the
subsurface Catahoula - the pyroclastic depcsifts above the marine

wedge - in which case the truncated surface of the Frio would be

Y

cenwral

‘:n

completely overlapped by the Catanoula in the eastern an
parts of the Texas Coastal Plain and partly overlapped by the
Catahoula in southwestern Texas.

Sufficient evidence 1s now available to eliminate the first
possibility. Dip sections in San Patricio, Bee, and Live Oak
Counties show that tne clearly discernible Catahoula-Fleming
ceontact in well séctions can be traced up-dip and is found to
come out at the surface exactly where the Catahoula-Fleming
(Catahoula-Oakville) contact has been mapped at the surface. The
well sections are sufficiently close together and the contact
sufficiently clear to make the tracing of this contact from sub-
surriace sections to ine surface indisputable. The subsurface
Catahoula cannot, therefore, be correlated with the lower part
of the surface Fleming, eliminating the correlation of the surface
Catahoula in toto with the subsurface Frio.

Another fact unfavorable to the first possibility is made
clear by projecting toward the outcrop the observed rate of thinning

of the subsurface Catahoula and Frio in the area where the marine
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wedge is present to see which series of beds has a thickness more
consistent with the observed thickness of the Catanoula at the
outerop (Fig. 5)« The Catahoula is from 200 to 300 feet thick
at the outcrop norih and northwest of Harris Counity. It thickens
to about 600 feet east of here and from 800 to 1000 feet south-
west of this area. The probability is that 600 feet represents
the true thickness of the Catahoula in the first area mentioned
because there is an unconformity at the top of the Catahoula and
the Fleming seems %to overlap the Catahoula in this area. How-
ever, this does not appear to be critical since the projecied
thicknesses do not indicate that tne subsurface Frio is the
equivalent of the Catahoula whether a thickness of 200 or 600
feet is used for the latter formation.

In selecting the area to make the projections, well sections
should be found which are as near to the inner 1imit of the marine
wedge as possible since this will permit an unquestionable deter-
mination of the contacts of the formations and at the same time be
near the outcrop thus reducing the margin of error by limiting as
much as possiblé the area over which the projections are to be
extended. The down-dip well should be located far enough south
to show a marked change in thickness, if the formation does
thicken gulfward, and at the same time a section should not be
used along the strike of soutinern Harris County and northern Brazoria
County because here tne raie of thickening increases greatly. The
most northerly well seciion with the marine zone present that could

be found in eastern Texas is located in southern Montgomery County
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just north of Tomball 0il Field. The marine zone is only 40 feet
thick in this well section and the Frio is 1300 feet thick. 1In

a well section 19 miles south of here the Frio is 1460 feet thicke
This is a thinning ol 8.4 feet per mile. If this rate of thinning
is projected to the outcrop, the Frio should be 1085 feet thicke
Nowhere in eastern and central Texas is there such a great thick-
ness of Catahoula beds. On the other hand, the sitrata containing
pyroclastic material above the marine zone is 620 feet thick in

4+ ba

[yt P

-~ ~ - - ~n [ A, 2 1 2 T o one o 1 - - +
onaed and %00 fset thick in the well to ithe

|2

L P he I ) —~ -+~
'St weiLas MeIu

4
[

south. Samples were taken only at 20-foot intervals in these
wells so ﬁhat there is a limit of error from 20 %o 40 feet in the
recorded thicknesses of these formations. The Catahoula seems to
be the only formation in eastern Texas which does not thicken
gulfward. The thickness of the beds carrying ash and tuff abvove
the marine zone in these wells is much more cecnsistent with the

thickness of the Catahoula in eastern Texas at the outcrop where
1

it is from 300 to 600 feet according to Plummer .

1.
Plummer, F. B., loc. cit., p. 714.

The Catahoula-Frio problem is thus reduced to the two alterna-
tives shown in Fig. 6. Zitner the surface Catahoula is equivalent
to all subsurface beds frowm the base of the Frio to the top of the
pyroclastic deposits above the marine wedge or it is the equivalent
only to the pyroclastic beds above the marine wedge i.e. the sub-

surface Catahoula. Fortunately, critical evidence is to be found

in the lithology of the deposits in question.
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The amount of pyroclastic material increases greatly toward
the southwest in the surface Catahoula but it decreases greatly

toward tne soutinwest in the subsurface Frioe Flummer states that

le
Flummer, F. B., loc. cit., p. 720,

in the surface Catahoula "pyroclastic materials predominaie 1in the
south Texas area. Boulders, pebbles, and chunks of lava, porphry,
and puwice are common in Mclullen, Duval, and Starr Counties.”
He believes that some of the craters "were located in or near the
southwestern part of the state because in south Texas the volcanic
material is thickest and coarsest'e

The subsurface Frio on the other hand, contains very 1little
pyroclastic material in southwestern Texas, and the pyroclastic
waterial that is present is fine. It seems impossible that such
a crnange in tne amount and texture of this material could take
place in tne few miles between the outcrop and well sections down-
dipe. Southwestern Texas thus appears to have been remote'from
volcanic craters during the time of the‘deposition of subsurface
Frio beds and near the craters during the time of deposition of
the surface Catahoula beds. The subsurface Frio cannot therefore
be contemporaneous with any pari of the surface Catahoulae.

The absence of any conspicuous intraformational hiatus in the
Catahoula that could be contemporaneous with the retreat of the

sea during late Heterostegina and Discorbis time suggests that the

Catahoula is post-Discorbis. An uplift sufficient to cause the sea

to retreat nearly 65 miles would probably cause such an interrup-
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tion in sedimentation at the site of the present outcrop that a
conspicuous hiatus would now be visible in the eXxposed sectilone.
If the Frio and the marine wedge were Catahoula in age then the
hiatus would be within the outcropping Catahoula. No such hiatus
is found in the Catahoula, but a major unconformity is found at
its base. The most probable assumption is that the same uplift
that caused the formation of this basal unconformity caused the

seas t0 retreat during late Heterostegina and Discorbis time. If

this is true, then the surface Catahoula is the eguivalent to the
pyroclastic strata above the Discorbis zone in the subsurface
section.

The known facts thus indicate that the Frio is older than the
Catahoula. Observed conditions are best explained with the idea
that the Catahoula completely overlaps the truncated surface of
the Frio in ceniral and southeastern Texas and partially overlaps
it in southwestern Texas. Only in this way can the radical
difference in the distribution of pyroclastic material in the
surface Catahoula and the subsurface Frio be explained. Likewise,

this is the only correlation that will give a major hiatus up-dip

to correspond to the retreat of the Heterostegina-Discorbis sea.

The writer, therefore, correlates the surface Catahoula with the
pyroclastic deposits above the marine wedge and retains the Frio
as a separate formation older than the Catahoulae

The present difficultiy in understanding the stratigraphic
relat ionship of the Frio arises in part from the fact that the
classification of the beds in this part of the section was based
on data from well sections located some distance inland where the

Frio is continental. These wells went through the continental
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Catahoula then through the marine wedge and into the continental

Frio. The Marginulina zZoine was defined as those beds above the

non-marine strata as high in the section as Marginulina sp. is

found. Now that deep wells have been drilled near the shore where
the Frio is all mafine, it is not surprising that fossils typical

of the Marginulina zone are found in beds older than the lowest

Marginulina beds inlande In other words, the lower limit of the

fauna of the liarginulina zone in areas farther inland was deter-

mined by the geographic conditions of the times ratlher than by
the distribution of this species in time. Although it is true

that some karginulina 2zone fossils are found in wells located

near the modern shore line in beds that grade up-dip into the

-+

apper part of the continental Frio, it 1s not correct to call the

entire Frio the continental equivalent of the Marginulina zone as

that zone has previously been defined. The correct approach to
this problem is to study the deep well sectiions along the coast,
where all the beds are marine, and to correlate the several strati-
graphic units there with the marine type sections elsewhere. Until

a definition of the ilarginulina zone is made that is applicable

poth up-dip and down-dip, it is useless to attempt to say how much

of the Frio is the equivalent of the Lower Heterostegina and

Marginulina zones. That the entire Frio will be found to be the

equivalent of the lMarginulina zone, as that latter term is now

generally used, is highly improbable. The logical view to take

of these non-marine beds between the TeXtularia warreni Beds and

tne Marginulina zone is that the uppermost part is the non-marine

equivalent of the Lower Heterostegina zone and the Marginulina

zone and thait tne lowermost part is the non-marine equivalent of
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the Textularia warreni Beds which were deposited in a retreating

sea. A possible exception to the latter is the possibility of an
hiatus in the seciion up-dip which is contemporaneous with the

Textularia warrenli Beds. dJust nhow tueh is left after the equiva-~

lents of the overlying and underlying marine beds have been taken
away is not yet known, but it probably represents'the greater part

of the entire non-marine zone, and this portion must be considered

a separate formation. It is convenient, though admittedly arbitrary,
for practical working purposes in the inland areas to extend the
limits of the Frio formation to include all the continental deposits

between the marine wedge and the Textularia warreni Beds. While

this may be acceptable as a working definition, one should not
lose sight of the time relationships of the upper and lower parts
of this 2zone.

Since the strata mapped as Frio at the surface in southwestern
Texas represent only the lower part of the entire formation, the
remainder being overlapped, it is probable that part or all of
thlese beds at the outcrop are the continental equivalent of the

Textularia warreni Beds dovwvn-dip. The key to this problem is in

the presence or absence of an hiatus at the base of the surface
Frio.
Miocene Seriese
Marine Lower Miocene or Transition Beds.
ExXtensive drilling operations in the Gulf Coast have revealed
the existence of a wedge of marine sandstones and shales between

the Frio and Catahoula formations, which is entirely absent in the
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outerop. These beds have been placed in the Oligocene by most

of the writers on Gulf Coast stratigraphy due to certain Oligocene
affinities in the fauna. Recently, however, many Gulf Coast
naleontologists have recognized unmistakable iliocene affinities
in the fauna of these beds. Of these two main faunal character-
istics, namely, the carrying over of typical Oligocene forms and
the influx of typical Miocene forms, the latter is the mdre signi-
ficant as far as age determination is concerned, and these beds

'snould tnerefore hLe iaken out of the Cligocane.

(0]

This does not necessarily mean that they can be correlated
with any known surface formation of lower iiocene age. Attention
should be directed to the fact that these are subsurface sirata
while the type sections described in the literature on the Teftiary
are all outcropping depositis. It is altogether possible thal these
subsurface strata are not the equivalent of any described outcropping
formation. Further credence is attached to this idea by the fact
that a major unconformity marks the Miocene-Oligocene contact at
the outcrop in Texas. This opens up the possibility that these
strata are neither typically Oligocene ncor iiiocene as those terms
nave been used in surface studies, but are transitional in age,
being deposited in part while the hiatus was being formed in the
region now occupied by the outcrop. In this case, they would be
liiocene in age but older than the Catahoula, the oldest outcropping
Miocene formation in the Gulf Coast.

The key to the solution of this'problem is the determination
of the subsurface equivalent of the outcropping Catahoula. If the

pyroclastic deposits above the marine wedge are the time equivalent
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of the Catahoula, then that part of the marine wedge which was
deposited in a retreating sea is éontemporaneous with the hiatus
at the base of the Catahoula and is transitional between the out-
cropping Oligocene and Miocene.

Under the discussion of the Frio, evidence was presented which
seems to indicate the equivalency between the Catahoula and the
pyroclastics above the marine wedge. It 1s therefore conservative
to say that these facts justify a serious consideration of the
idea that the upper part of the marine wedge is contemporaneous
with the hiatus at the base of the Catahoula and that the marine
wedge 1s truly a transition between the outereopping Cligocene an

Miocene.

Fossil Zones.
The marine wedge has been divided into three widely-recognized
fossil zones. From the oldest to the youngest these are the

Marginulina zone, the Heterostegina zone, and the Discorvils zonee.

The index fossils for these are HMarginulina cf. M. philippinensis

Cushman, Heterostegina cf. H._antillea Cushman, and Discorbis cf.

D. vilardeboana d'Orbigny respectively.

The top of the Heterostegina zone is perhaps the best datum

above the McElroy for structural contouring. It extends a con-
siderable distance inland, appears to come in at a very consistent

zeCa Tne

b

stratigraphic level, and its fauna is easily recogn
only difficulty in mapping on this zone is the absence of a lith=
ologic change atu its top making impossible its recognition in

Schlumberger logse
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Thickness and Distribution.

The thickness of this formation varies from O feet in southern
ifontgomery County, where it wedges out, to 3395 feet in southern
Galvestén County. At Tomball these beds are 40 feet thick, at
Fairbanks 320 feet thick, in the Hill and Hill No. 1 Wharton well
340 feet thick, and in southern Harris Couniy and northern Brazoria
County they are 850 feet thick. 1In the Shell Petroleum Corporation's
No. 1 kiaco Stewart well located in southern Galveston County, this
wedge has a thickness of 3395 feete.

These beds have a wide areal distribution. They occupy a
belt from kississippi to southwestern Texas. The marine wedge does

noi appear at tne surface, buit is found only in well sections.

Lithology.

Shales, sands, and locally, limestone lentils make up the
marine wedge. The relative amount of sand varies locally. At
Fairbanks the formation is 31 per cent sand, southwest of Houston
it is 10 per cent sand, and in northern Brazoria County the forma-
tion is barren of sand except in its extreme upper and lower parts.
From Victoria County, Texas, southwesiward and in Louisiana, the
ceniral and lower parts of this zone are sufficiently sandy to
provide an 0il reservoir.

Limestone bodies are found in the Heterostegina zone and

appear to be reefis deposited on local submarine elevatiions winile
the sea had reacned its maximum of invasion. They are now most
commonly found around salt domes located relatively near the modern

shore line. A well drilled on the flank of Siratton Ridge Dome in
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southern Bragzoria County encountered 1675 feet of Heterostegina

limestone.

The shales are Predominately gray in color though they may
be browm or greenish, Generally they contrast markedly with the
overlying buff-colored Catahoulas tuffs and clays and with the
underlying green Frio clays. The shales are fossiliferous, glau-
conitic, and generally micaceous and calcareous. The sandstones
are quartzose and very similar to the sandstones of the previously

described marine formations.

Conditions of Depésition.

The presence of marine fossils ang glauconite everywhere in
this formation proves its marine origin. This conclusion is sub-
stantiated by the presence of continuous blanket sands in the
regionvsouthwest of Jackson County, Texas, and also in Louisiana,

Since the Heterostegina zone extends farther inland than either

the lower or higher zones in eastern Texas, the Harsinuline and

lower Heterostegina beds must have been deposited in a trans~

gressive sea and the upper Heterostegina and Discorbis beds must
have been deposited in a regressive sea. This marine wedge is a
typical on-lap-off-lap deposit. In Louisiana and southwestern

Texas, the maximum advance of the sea may have been in Discorbis

1
time .

1.
See p. 88,

Paleocgeographye.

The Marginulina zone is found in well sections in Clinton and
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Deer Park due east of Houston but is absenti at Bureka and Fairbanks
a short distance northwest of Houston. The shore line at the end

of Marginulina time was in the area now occupied by the northwestern

city limits of Houston and followed the present day strike of the

beds (Fig. 7). By middle Heterostegina time the seas had advanced

to thé area now occupied by southern Montgomery Couniy. A test
drilled on the north flank of the Tomball struciure encountered

40 feet of Heterostegina bedse The maximum of invasion was reached

dar

jol]

i

le Heteros

mid

[y

n egcina time affter which the seas retreated.

(in

i

At the beginning of Discorbis time the sirand line was along the
strike of Bammel 7 or 8 miles south of Tomball. Its exact position
at the close of Discorbis has not been determined, but it was near

central Brazoria and katagorda Counties.

Catahoula Formation.

A series of sirata composed largely of pyroclastic material
interstratified with fluviatile deposits is found above the
Discorbis zone in well sections, above the Frio in the outcrop in
southvestern Texas and above tne Fayetite in outcrop in eastern
Texases This series is generally called the Catahoula, but con-
temporaneity with the Catahoula of liississippi and Louisiana has

1
not been definitely established. . Howe considers the Catahoula to

1.
Howe, Henry V., Louisiana Petroleum Stratigraphy: La. Dept. of
Conserv. General iinerals R2ulletin no. 27, p. 30, 1236.

be Lower iiocene in age. This is confirmed by the Miocene affinities

in the fauna of the underlying beds.
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The relationsiip of the outcropping Catahoula with the sub-
surface beds down-dip has been discussed previously. The prepon-
derance of evidence favors the correlation of the outcropping beds
with the 600 feet of pyroclastic strata found above the Discorbis
zone everywhere in Harris Countiy and areas along the strike. Near
the present shore line the Catahoula grades into a marine series
with a fauna which is difficult to distinguish from the fauna of

the Discorbis zone.

Contact with the Sub-Formation.
The basal contact of the Catahoula in the outecrop is uncon-
formable. Eastward from Karnes County the Catahoula completely
overlaps the Frio, and in places in central Texas it overlaps a

portion of the Fayette. The Frio is exposed in southwestern Texas

but the Frio-Catahoula contact is unconiormablee.

Distribution and Thicknesse

The Catahoula outcrop is continuous in Texas from the Kio
Grande River to the Sabine River. Likewise a seriles of pyroclastic
beds is encountered above the Discorbis zone in well sections
everywnere south of the outcrop.

The thickness of the Catanoula is very difficult to deternine
in well sections where the marine wedge does not occur between it
and the Frio because of the similar appearance of these two forma-
tions. The upper contact is placed at the top of the first pyro-
clastic bed. This may not always be an accurate definition of the
upper limit of the subsurface Catahoula because the lower part of

the Fleming contains some pyroclastic material. The probability
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is, however, that in eastern Texas no great error is made by thus
defining the upper contact of the subsurface Catahoulsa,

The Catahoula at the outcrop is thinnest in ceﬁtral Texas,
being from 100 to 200 feet thick in Gonzales, Fayette, and Wash-
iﬁgton Counties. It thickens both eastward and southwestward from
there, thicknesses from 300 to 600 feet having been reported in
eastern Texas and from 800 to 1000 feet in southwestern Texas.

This formation appears to thicken little if any gulfward.

The pyroclastic beds above the Discorbis zone are 600 feet thick
in the extreme southern part of Montgomery County and over most o
Harris County. At Van Vlieck 0il Field, Matagorda County, a series
of interstratified pyroclastic continental and marine deposits
overlies the Discorbis zone. This is probably the equivalent of

the Catahoula where it is grading into & marine facies. This zone

is 700 feet thick at Van Vlieck.

Lithology.

The Catahoula is an interstratification of pyroclastic material
and fluviatile sediments. The rocks are tuff, tuffaceous, or ashy
sand, ashy clay, sandy clay and clay. The pyroclastics predominate.

Schlumberger logs show that 25 per cent of the formation is
a coarse-textured deposit at Tomball, 30 per cent at Fairbanks and
28 per cent in the Westmoreland well, Most of the sand 1s concen-
trated into the bottom part of the Tormation with only a few thin
sand beds occurring above, This sand body is frequently called
the Basal Miocene Sand and can be readlly recognized along the

strike of Harris County in the eastern part of the state. Near the
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modern shore line, the upper part of the Discorbis zone is sandy
so that the base of the formation is not readily determined by
lithology. In some structures the basal sand becomes very thicke
It is 350 feet thick at Hastings field, Brazoria County, and in
some structures it is petroliferous.

The sandstone strata are often cross-bedded, generally very
ashy, and locally very indurated. Opal, silica, and argillaceous
material are common cementing materials. Individual beds may
grade horizontally from a well-indurated sandstone into an un-

1
consolidated deposit. Bailey reported the following mineral com-

le

Bailey, Thomas L., The Gueydan, a New Middle Tertiary Forma-
tion from the Southwestern Coastal Plain of Texas: The Univ. of
Texas Bull. no. 2645, p. 145, 1926.

posiition of an Upper Catanoula sandstone in Tyler County:

Quartz 30%s
Plagioclase (mainly andesine) 28%.
Chert 25%e
Orthoclase and sanidine 4.
Microcline 1%
liagnetite 1%
Bilotite tracee
Volcanic glass tracee.
Muscovite tracee.
Zircon trace.
Opal (from cement) 114,

That the compositions of Catahoula sandstones vary greatly

is shown by the following mineral composition of a sample from
. ‘ 2 .
Gonzales County as reported by Bailey :

Ze
Bailey, Thomas L., loce cit., pe 144.
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Quartz T0%e

Plagioclase (albite to labradorite) 3%

Chert 5%

Orthoclase and sanidine 1.

Zircon trace (common).
Magnetite trace (common)e.
Horneblende ' © trace (rare)e

Jarosite (occurs in cavities as tiny, 1%.
orange-colored hexagonal
plates with a nabit typical
of this mineral)

Volcanic glass trace (rare).
Hematite (from weathering of jarosite) trace.
Opal (from cement) 20%e

The majority of the quartz grains are subangular or subround and
are colorless. Some of the beds contain "rice sands" which
resemble the '"rice sands" of the Frio.

The volcanic tuffs are whiite, buff, gray, or greenish gray in
color, are massive, and some types break with a conchoidal fracture.
The Catahoula tuffaceous beds may grade from a pure tuff into
tuffaceous clays and tuffaceous sand. Some of the tuffs are
highly silicified in which case they are relatively resistant and
break with a conchoidal fracture. Some appear to be an altered
form and may even be reworked. Lava boulders are freguently found

1
in them in southwestern Texas. Bailey gives the following com-

L
Bailey, Thomas L., loc. cii., pp. 1l28-1&9.

position for a sample of white tuff from Live Oak Counity:

Volcanic glass 70%e.
Soda-lime feldspar 20%s»
Sanidine 5%e
Quartz tracee
Leverrierite aggregares 4% e
Opal l%o
Magnetite traces
Marcasite trace

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



e

Zircon tracee
Apatite trace.
Chlorite traceo
Serpentine (?) trace.
Barite trace.
Witherite traces

The Catahoula clays in central and eastern Texas are generally
buff, gray, or green in color and they are commonly very ashye.
These clays are commonly red in the extreme southwestern part of

the state and resemble the red ¥Frio clays.

Conditions of Accumulation.

Volcanic centers in the west were exceedingly active during
Catahoula time. The ejected material was deposited widely over
the western part of the Gulf Coastal Plain. Much of the material
has been reworked by the coastal plain streams of the time. These
streams deposited some non-pyroclastic material also. Rarely, how-
ever, are the fluviatile deposits found to be entirely free of
tuff, indicating that the volcanic activiiy was quite continuous.
The feldspar in the sands indicate that the source of the non-
pyroclastic deposits was near the coastal plain. The sireams in
eastern Tekas were more vigorous than those in the west in the
latter part of Catahoula time and more sand was deposited in the
former area than the latter.

Fossils are not common in the continental facies of the
Catanoula. Unios and a number of fossil plants have been observed

1
in some beds. Berry reports a relative abundance of palms which

L.
Berry, Edward Vilber, The Flora of the Catanoula Sandstone:
Uo Sc G‘o So PrOfo papel" NO. 98, pp. 227-251, 19160
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indicates a tropical climate.

Paleogeographye.

The Catahoula is rarely cored in well sections so that good
descriptions of this formation in down-dip well sections are lack-:
ing. It appears certain, however, that the Catahoula along the
strike of Harris County is continental. This is indicated by the
ash beds and the absence of marine fossils and glauconite. Previous
mention has been made of the presence of 700 feet of section above
the Discorbis zone at Van Vleck which contains both marine and non-
marine bedse. The ash and bentonite in these beds indicate that
this is the egquivalent of the pyroclastic deposits above the Dis=
corbis zone in Harris County, which in turn, is correlated with the
surface Catahoula. The Catahcula shore line thus appears to have
been in central or northern llatagorda, Brazoria, and Galveston

Countiese

Miocene and Pliocene Series
Fleming Groupe.

The Fleming group, which overlies the Catahoula, is a seguence
of mottled calcareous clays and sands. Southwest of the Brazos
River it has been divided into the Oakville sand below and the
Lagarto clay avove. In southeastern Texas however, the Cakville
changes into a clayey facies which cannot be distinguished from
the Lagarto clay either in the outcrop or in well sections; For
this reason all the Fleming strata are grouped together in the

discussion which follows..
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Fleming strata are distinguished from the Catahoula by the
presence of reworked Cretaceous fossils, and large amcunts of lime
in the clays and sands and by the dearth of pyroclastic material.
In central and southwestern Texas, the basal Qakville contains some
pyroclastic material but this was probably derived largely from
the Catahoula. There is little ash in the Fleming of southeastern
Texas. The Fleming is distinguished from overlying strata by the

presence of reworked Cretaceous fossilse.

Contact with the Sub-Formation.

The basal contact of the Fleming is unconformable at the out-
crope. Locally a basal conglomerate is present. The upper part of
the Catahoula in southcentral Texas is overlapped by the Fleming.
As in the case of other Tertiary formations, the gulfward extent

o

of this hiatus is unknowne.

Distribution and Thicknesse.

This group of strata occupies a continuous belt along the
margin of the Texas Gulf Coastal Plainf It is found in every well
section south of the outcrop except in those located over salt
plugs which have pierced it.

Tne following list shows the thickness of the Fleming in a
seriles of well sections in Montgomery, Harris anﬁ Brazoria Counties:

Stanolind~-Amerada MNo. 1 Fred Brautigan, located in
southern Hontgomery Countye =~ = - = = - - - - = 1300 feet

Amerada-Stanolind No. 1-C Louls Dopslauf, located
at Fairbanks, Harris Countye = - - = = = « - - 1680 "
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Cockburn and Frazier No. 1 Herman Hospital, located

three miles southeast of Addicks in Harris

Countye = = = = = = = = = = = = = =« = = - - - - 18685 feet
Capps, Benedum, and Trees No. 1 Westimoreland,

located 5 miles west of Bellaire in Harris

Countye = = = = = = = = = = = = = = = = = - - - 2224 "

Amerada No. 1 Houston Farms Dev. Co., located in
southern Brazoria Countye. = - = = = = = = = -« =~ 4000 *

As stated previously, there is some doubt as to the down-dip
equivalent of the Catahoula. This will affect the thickness of
the Fleming reported in the last well. If the down-dip equivalent
of the Catahoula is the upper part of the Miocene Discorbis zone,

then the Fleming in the last-mentioned well is 4700 feet thicke

Lithologye..

The Fleming is composed of sandstone and calcareous, mottled
clay. The relative amount of sand varies. Generally, there is
less in southeastern Texas than in the southwestern part of the
state. At Fairbanks it is approximately 25 per cent sand and at
Rattlesnake ifound in southern Brazoria County it is approximately
35 per cent sande.

The sand grains are predominantly quartz, but lime nodules
are very common. The cementing material is often calcite. The
sandstone strata are lenticular and more often friable than well-
indurated, but in southwestern Texas the Oakville sandstones are
sufficiently strong and continuous to form the Bordas cuesta. No
equivalent of this escarpment is present in eastern Texas because

clays replace the sandstones east of the Zrazos River. INost of the

Fleming sands are intricately cross-~bedded.
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The clays are calcareous and mottled. Tan, red, green,
purple and gray are common colors in Fleming clays. They are
poorly bedded and contain numerous lime concretions and rewcrked
Cretaceous fossils.

The following is a generalized description of the Fleming as

shown by the rock-cutiings Ifrom a well at Fairbanks:

"

(Figures at left are distances in feet from top of group.)

0-640 Predecminant ly fine
lime nodules an
and gray clay. _

540-1000 85 per cent purple, red, brown, and gray mottled
clay and 15 per cent Tine-textured sand.

1000-1180 ~redon1nanoly fine-textured quartzose sand with
lime nodules and small amounts of mottled clay.

1180-1320 50 per cent fine-texiured sandstone and S0 per
cent calcareous, mottled, gray, green, and
brown clay.

1320-1640 Fine-textured sandstone with a small amount of

' mottled, calcarecus clay.

1640-1680 60 per cent red, brown, gray, and green mottled,
calcareous clay and 40 per cent fine-~textured
sandstones
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Tne above description shows toc high a percentage of sand hecause
overlyving sand formations cave in the hole and contaminate the

1
samples of the rock-cuttings. Bailey described the following

section from the outcrop of the Lagarto in Colorado County:

L. .
Railey, T. L., The Geology and Natural Resources of Colorado
County: The Univ. of Texas 2ull. no. 2333, p. 73, 1923,

Unconiormity
lagarto

2. Uhitish gray and yellowish-winite, greatly cross-bedded and
irregularly-pedded, conglomeratic sandstone interbedded
with strata of bright to dull yellow sands. iiost of
the sandstione, conglomerate and sand contains abundant
pebbles of yellow clay. All these beds are strongly
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calcareous. The sands are thin in the upper part
but near the base one bed locally reached a thick-
ness of 5 feet. Thickness of No:« 8 - - - =« ~« - - 10' to 30!

5. Ocher-yellow, concretionary, laminated marl containing
calcareous concretions = = = = = « = = = =« - - - o' to 95!

4. lassive buff to bright yellow, gray-splotched, Jjoint
clay containing calcareous concretions up to 3
inches in diameter. Exposed - - - - - - - - - - 20' to 40!
(The upper surface of this clay is irregular
and undulatory and sandstone lenses occur in
the upper 5 feet. The great variation in thick-
ness is due to ithe irregular bedding of these
rockss)
Covered with later terrace gravel and fill from outer
edge of Cummins Creek botiom to bank of creek - -20!
5. Cross-bedded sandstone, similar to No. 2 to water's
edge. (No. 5 is exposed in the vertical bank of
Cumnins Creek) = = = = = = = = = = = = = =« - - - 10' to 20
Conditions of Deposition.

The Fleming is a fluviatile complex laid down upon the eroded
south-sloping surface of the Catahoula. Some of the deposits show
a deltaic structure, but much of it is channel deposit of numerous

" widely~meandering streams.

The sudden influx of great amounts of calcareous material at
this time ‘together with the presence of reworked Cretaceous fossils
in Fleming beds shows that the regicn of the Cretaceous outcrop
was abruptly uplifted and was the source of the Fleming depositse.
The Cretacecus fossils present include both foraminifera and macro=-
fossils. The Fleming in well sections near the present shore con-

tain glauconite and late Tertiary foraminifera, indicating that 2

marine facies is present.

Paleogeography.

The younger beds encountered in most wells are so poorly
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logged that sufficient accurate data is not available for the deter-
mination of ekact position of the Fleming shore line., These Dbeds
are almost entirely continental along the strike of Harris Countye.
In the Amerada Petroleum Corporation's No. 1 Houston Farms
Development Company well in southern Brazoria County,‘however,
Miocene foraminifera are present throughout the Fleming and other
wells similarly locaied show the same condition. The Fleming is
unquestionably marine at the site of the modern shore line. The
probability is that except for minor fluctuations the Fleming
shore line passed through the central or northern part of the
most southerly tier of countiese.

Plibcene Seriese.

Willis Formation.

The post-Fleming fbrmations cannot be differentiated in most
well sections, and the siudy of this part of the section is con-
sequenily based on surface data. If cored sections were available
a subsurface study of these beds would undoubtedly be possiblee
However, they are generally neither céred nor sampled except in
rare cases where special core tests are drilled for correlation
purposes, and the data from such core tests is generally not avail-
able for publication.

1
The name "Willis" was first proposed by Doering for the strata

le

Doering, John, Post-Fleming Surface Formation of Coastal South-
east Texas and South Louisiana: A. A. P. G. Bulle. vol. 19, no. 5,
pp. 651-688, 1935.

2
between the Fleming and the Pleistocene. Plummer had previously
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Qe
Plummer, F. B., loce. cit., ppe 761-762.

recognized these strata as distinct from either the Fleming or
Lissie, but he did not name them. The Willis has been recognized
under that name as a valid formation on the 1937 geologic map of
Texas.

According to Doering, this formation is the equivalent of the
Upper Citrcnelle. Although most of it is probkably younger than
the Goliad of southwestern Texas, the lower part of the Willis may
be the equivalent of the upper part of the Goliad.

The basal contact is unconformable. The underlying formation

in southeastern Texas is the Lagarto, but in places in central and

southwestern Texas it is probably the Goliad.

Distribution and Thickness.

The Willis has been mapped in Texas from the Coloradc River
to the Sabine River, but strata belonging_to this formation are
also present southwest of the Colorado River. It also occupies
a discontinuous belt across southern Louisiana. VWherever a stream
of any size crosses the Willis belt, the beds are either eroded
away or covered, giving an irregular pattern to the outcrop area.

Doering states that the Willis 1is from 80 to 85 feet thick in
southeastern Texas and southwestern Louisiana and from 120 to 125

feet thick in southeastern Louisianae

Lithologye
The Willis is composed of alluvial gravels, sands, and clayse

The gravels and sands are quartzose and generally light-colored and
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cross-bedded. In a section north of Tombail, many ferruginous
nodules are disseminated through the sand. The sand is red and
somewhat indurated. The sands in other parts of the formation
are light gray. Willis clays are genérally disseminated thfough
the sands and gravels, but a few clay beds are present in the forma-
tion.

Doering has recognized three lithologically distinct members

in the Willis formation. The reader is referred to his paper for

detailed descriptions of ithese memberse.

Conditions of Accumulation.

All outcropping beds of the Willis are fluviatile in origine.
They were deposited upon the eroded surface of the older beds after
a down-warping of the Coastal border brought about a change from
a cycle of denudation to one of deposition. The presence cof
Catahoula material in Willis beds and the presence ol isolated
remnants of Willis strata over the Fleming outcrop suggests that
it was deposited seaward from the Catahoula scarp by streams that
had cut through this cuesta. These streams deposited their load
cf coarse and fine sediment widely over the flat surface behind
the scarp. Subsequent erosion has reduced the outcrop toc its
present limitse

Pleistocene Series.
Houston Groupe

1
The name Houston was first proposed by Plummer for the group

1.
Plummer, F. B., loce cite., p. 780,
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of formations which make up the Pleistocene in the Texas Gulf Coast.
The outcrop of the Houston group in easiern TeXas is generally
limited on the north by the Hockley scarp and on the south by
Recent beach deposit. It occupies a continuous belt from the
Rio Grande River to the Sabine River. Equivalent beds are present
in Louisiana.

The Houston group has been divided into the Lissie and

Beaumont formationse

Lissie Formation.

The Lissie formation is a sequence of gravels,'sands, sandy
clays, and clays, and lies above the Willis. It is limited by
unconformities at both its upper and lower contacts and is dis=-
tinguished from the underlying Willis formation by a generally
finer texture and from the overlying Beaumont formation by a
generally coarser teXture.

The Pleistocene age of the Lissie is suggestied by the following

list of Lissie fossils prepared by Plummer =

le
Plummer, F. B., locs, cite, p. 787

Trucifelis fatalis Leidy Equus complicatus Leidy
Canis sp. Equus francisci Hay
Cistudo marnockii Cope Equus crenidens? Cope
iegatnerium sp. Eguus tau? Owen
Bison latifrons (Harlan) Equus semiplicatus Cope
Mastocdon serridens Cope Equus excelsus Leidy
Glyptodon petaliferus Cope Equus occidentalis? Leidy
Elephas columbi Falconer Camelid
Elephas primigenius (Blumen- Ox

bach)

Elephas imperator Leidy
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Distribution and Thickness,

The outcrop of the Lissie is continuous across the Texas
Coastal Plain. In a generasl way, the inner limit of the outerop
is at the foot of the Hockley scarp, but in the larger stream
valleys in the eastern part of the state it extends farther nqrth
in tongues which cover the Willis and part of the Fleming. This
condition is shown clearly on the geologic map of Texas published
in 1957, |

Wells drilled near‘the southern 1imit of the Lissie outcrop
show a combined thickness of more than 1000 feet for the Lissie
and Willis formations in the vicinity of Harris County. The
amount that belongs to the Willis and Lissie respectively cannot
be determined since well-cuttings do not show a recognizable

1
difference between these formations., Flumrer attributes a thick-

1., :
Plummer, ¥. B,.,, loc. cit., p. 783.

ness of 600 feet to the Lissie in eastern Texas and 400 feet in
southwestern Texas. The combined thickness of the post-Fleming
strata in the Amerada Petroleum Corporation's No. 1 Houston Farms
Development Company well located in southern Brazoria County near
the modern shore line is 2060 feet. Again it is not possible to

determine how much of this belongs to the Lissie and how much to

the Willis and Beaumont.

Lith Ology ®

The lissie beds are gravel, sand, sandy clay and clay. Sand
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predominates, making up more than 50 per cent of the formation.

The amount of gravel is less than early descriptions of the form-
ation indicate because Willis beds were then included. Probably
not more than 15 per cent of the Lissie if gravel and some estimates

are considerably less than this. Plummer stgtes that the Lissie

1.
*  Plummer, F. B., loc. cit., p. 785.

" is made up of about 60 per cent sand, 20 per cent sandy clay,
. : 2

10 per cent gravel, and 10 per cent clay". Bailey has described

2e ' -
Bailey, Te L., loc. c¢it., p. 102,

the following Lissie section located on the west bank of the
Colorado River one-fourth mile north of Garwood, Texas:

Lissie (possibly Beaumont) :. .

Pale yellowish to pinkish, slightly calcareous,
medium-grained, loose sand, which is greatly
cross~-bedded and contains near the middle of
the bed a thin layer with pinkish calcareous
concretions up to 3 centimeters in diameter - - - 8°

Ligsie: x

Brownish-red to orange, medium~grained, aren-
aceous and argillaceous, non-calcareous

gravel containing a number of large rounded

clay lumps = = = = = = =~ = - - = = — = - = = - 2t to 3¢
Coarse, cross-bedded, gravelly sand with a few

streaks of slightly calcareous red clay - - - - S5
Sandy gravels with pebbles up to 2 inches in

diameter end a few lenses up to 8 inches thick

of brownish-red, laminated clay, to water's

edge at low stage - - - - - e e - - - - - - - 6"

Total = = = = = = = = = = = = = = = = =« = = - 281

The sands are quartzose, frequently cemented with clay, and

are cross-bedded. Red, orange, buff and gray are the common colors
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of the Lissie sands. The gravels occur in lenses, and the pebbles
are composed of chert and quartz, and sometimes fragments of igneous
and metamorphic rocks.

Lissie clays are mottled red, orange, green, blue and gray.
They resemble the Beaumont clays but meke up a much smaller pre-

portion of the formation than they do in the Beaumont,

Conditions of Deposition.

The Pauna of the Lissie at the ocutercp shows that it is non-
marine in origin. Streams which cut through the Willis cuesta de-
posited alluvial fans W@ich coalesced to form a continuous debris
apron behind the cuesta; This was laid down upon the eroded surface
of the Willis. ILissie sands were also deposited in the gaps and in
terraces in front of the Willis cuesta. Southward these alluvial
deposits merge into deltaic and marine deposits. Marine shell frag-
ments are found throughout the Lissie in well secﬁions near the modern

| shore line and marine microfossils are reported to be present in some
of the shale beds.

1l 2
Bailey and Plummer believe that the alluviation during Lissie

1,
Bailey, T. L., loc. cit., pp. 111-113.

2
Plummer, F., B., loc. cit., pp. 784-785,

time was a direct result of glaciation. The coarse deposits of the
Lissie indicate that the Coastal Plain streams of that time were
very vigorous, This, in turn, may mean a very humid climate which

could have been a result of a glacial epoch. However, it is no%b
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sufficient to predicate such a thesis merely on the fact that coarse
sediments were deposited, for the Pliocene contains sediments equally
as coarse. Although the Pleistocene was generally humid because of
the glacial epochs, the Lissie time interval probably includes both

glacial and interglacial epochs.

Beaumont Formation.

The Beaumont is a sequence of clays and fine sands, and it
occupies a belt along the outer border of the Texas Coastal Plain.
It includes all strata above the Lissie and below the Recent de-
posits. Both upper and lower contacts are unconformable. The
Beaumont is distinguished from the Lissie by its much greater clay
content and by the absence of gravel. It is also unlike the Lissie
in the structure of some of the sand bodies. Surface exposures
of sand in the Beaumont of eastern Texas are largely confined to

long narrow belts which are believed to be abandoned distributaries.

Distribution and Thickness.
The Beaumont occupies a continuous belt along the border of
the Coastal Plain from the Rio Grande River to the Sabine River.
This belt is from 40 to 50 miles wide in eastern Texas. Like the

Lissie, it extends northward in irregular tongues in the major

stream valleys. The equivalent of the Beaumont is also found in

Louisiana,

Although the Beaumont-Lissie contact can rarely be established
1

beyond question in well sections, Plummer estimates that the thick-

1.
Plummer, F. B., loc. cit., p. 788.
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ness of the Beaumont varies between 450 feet and 900 feet and that
the average thickness is 700 feet. These estimates appear to be
reasonable in view of the fact that the combined thickness of post-
Fleming strata is approximately 2000 feet in southern Brazoria

County and approximately 1200 feet in central Harris County.

Lithology.

The Beaumont is composed of calcareous, mottled clays and sand
and silt. The clays predominate in eastern Texas, comprising as
much as 80 per cent of the entire formation in some places. Iiore
sand has been reported to be present in the Beaumont of southwestern
Texas.

The clays are red, pink, green, tan, blue,land gray. In most

places they are plastic and calcareous. Bailey made the following

1.
Bailey, T. L., loc. cit., table 4,

analysis of a sample taken from the west bank of the Colorado River

nine miles southeast of Garwood, Texas:

Clay 79 per cent Chert trace
Calcite 10 per cent Epidote "
Calcareous nodules 7 per cent Hornblende "
Quartz 2 per cent Limonite n
Hema ti te 1 per cent Magnetite "
Feldspar 1l per cent IMuscovite n
Apatite trace Zircon "
Bari te trace Carbonaceous. "
' matter
Biotite trace Chara stems "

The sands in eastern Texas are light-colored, quartzose and
vary from fine to medium in texture. The sands in southwestern

Texas are somewhat feldspathid.
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1 Conditions of Deposition.
Barton has shown that the Beaumont of eastern Texas was forned

1.
- Barton, Donald C., Deltaic Coastal Plain of Southeastern Texas:

Bllll. G’o So .A.l, VOla 4:1, PP. 359"582, 19300

largely by the coalescence of deltas of the Brazos, Trinity, Neches,
and Sabine Rivers. Low, sandy, dendritically-branching ridges

have been interpreted as o0ld, abandoned distributaries. These
distributaries extend inland almost to the Beaumont-Lissie contact,
The Beaumont is not entirely deltaic, however, for marine and
lagoonal deposits are interstratified with the delta deposits.
Foraminifera and shell fragments are found in these marine beds.
Coastal Plain streams were less vigorous during Beaumont time than

during the preceding epoch and much of the sediment was laid down

as true delta deposits in the guif,

Recent Seriese

Recent deposits have many different facies in Texas and Louisianae
At the shore line between the Rio Grande and Sabine Rivers, barrier
beach, lagoonal, and estuarine.deposits are being formed. Dune sands
and alluvial sands and clays have been deposited in large quantities
in southwestern Texas during Recent time while southern Louisiana
has been the site of delta, marsh, and alluvial plain deposition.
Contemporaneously marine sands, sandy shales and shales are being
deposited in the Gulf of Mexico.

Modern conditions of deposition are significant because they

reflect conditions as they must have been many times during the

Cenozoic era. Simple descriptions such as n"delta depositsm™ or
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"alluvial plains™ as applied to the entire non-marine portion of a
formation must be incorrect. Probably no Gulf Coast Tertiary farma-
tion is entirely deltaic; deposits of differing origins must combine
to make up every formation.

The limited areal extent of the non-merine facies of Recent
deposits over the large area between southern Louisiana and the dune
area in southwestern Texas is noteworthy. Recent deposits are all
but absent in this region a few miles fack from the shore line, This

S < da P} 3 -~ des
eposit encountered in well ssctions may

£u

shows that a thick marine
have no equivalent in the outcrop. It is the writer's thesis that

this was the condition during Upper Heterostegina and Discorbis time.

The shore line during its maximum advance in late Heterostegina time

was a very short distance north of Tomball., Continental deposition

then, as now, was limited to a very narrow belt, and the Coastal

Plain was being eroded in the area now occupied by the outcrop.

Thus, a hiatus marks the equivalent position of Upper Heterostegina
and Discorbis strata in the outcrop as it does Recent strata a few

miles inland from the moderm shore line.
Geologic Historye.
Pre-~Tertiarye.

The pre-Tertiary history of the Coastal Plain in the vicinity
of Harris County, Texas, is entirely conjectural. Deposits older
than the Tertiary are beyond reach with present drilling methods,
and conclusions on the early histofy of this area must, therefore,

be based on evidence found farther inland where these older rocks

have been penetrated by the drill or are exposed at the surface.
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This region must have been a part of the Llamnoria land mass
during the Paleozoic era. The source of the deposits which filled
the Ouachita geosyncline was a land mass toward the south, and
since the buried Ouachita structure now occupies approximately the
position of the inner boundary of the Coastal Plain in Texas, the
conclusion that the central and eastern parts of the Texas Coastal
Plain was a part of that great, positive land mass seems unescapable.
This is corroborated by the fact that a well in Guadalupe County,
Texas, went directly out of Travis Peak (Trinity) beds into the
crystalline basement. The Paleozoic history of this area until the
time of the orogeny, then, was predominately one of repeated uplift
and almost continuous degradation.

The main streams flowed northward during Paleozoic time, bear-
ing sediments which filled the geosyncline to a maximum depth of
more than 25,000 feet.

The geologic history between the time of the Ouachita orogeny
and the beginning of the Cretaceous period is obscure. Non-marine
Triassic beds have been mapped in the Panhandle of Texas and in
West Texas, and marine Jurassic beds outcrop in Hudspeth County,
but these beds are all ahsent in the region of the Llano uplift,
and in well sections in Guadalupe County. The Jurassic seas that
deposited the beds in Hudspeth County invaded from the south, and
although this sea may have transgressed over what is now the south-
ern border of the Coastal Plain and yet did not reach the vieinity
of Guadalupe County and the Llano area, evidence to indicate that
such was the case is lacking.

Age of Gulf Coast Salt Deposits. ~- Numerous salt plugs have
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pierced the older Coastal Plain sediments and arched up the younger
strata in parts of Texas, Louisiana,.-and Mississippi to form the
well-known Gulf Coast salt domes. |

The age of the source beds for these salt plugs is unknown.
Early speculation on this problem favored the assignment of the
salt to the Permian chiefly because the great salt deposits of West
Texaes were known to be of that age. A large portion o{ contempo-

rary opinion still favors such a correlation. Spooner in con-

1. ‘
Spooner, W. C., 0il and Gas Geology of the Gulf Coastal Plain in
Arkansas: Ark. Geol. Surv. Bull. 2, pp. 20-21, 1935.

cluding that the salt must have been deposited during Permian time,
is impressed by events which he believes must have transpired after
the uplift in early Permain time. He reasons that the elevation
of the Ouachita Mountains must have been "concomitant with depression
of Llanoria"™ in early Permian time. The Permian peneplanation of
t+he mountainous region must then have been coincident with deposi-
tion in the region of old Llanoria. Spooner then concluies that
*if the assumption of a Permian sedimentary basin is admitted, the
salt in northern Louisiana and eastern Texas is most logiceally
correlated with the Permain series". While this line of reasoning
is a definite contribution toward the solution of this problem, the
assumption of a Permian sedimentary basin here and the assumpition
that Permian deposition means salt deposition is not inevitable.
The presence of fossil algae in the salt at Markham domne,

Matagorda County, Texas, which are believed to be identical with
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| 1
algae found elsewhere in the Permian was Powers'basis for assign-

1.
Powers, Sidney, Interior Salt domes of Texas, Geology of Salt
Dome 0il Fields: Amer. Assoc. Petrol. Geol., p. 218, 1926.

ing the salt to the Permian. Schuchert questioned the reliability
of algse as_stratigraphic markers on the ground that they are
poorly-preserved and slowly-evolving.

The glternative to the above possibility is the assignment of

2
the salt to a post-Permain-pre-Navarro age. Schuchert is convinced

2
Schuchert, Charles, Historical Geology of the Antillean-Caribbean

Region: John Wiley and Sons Inc., pp. 290-291, 1935,

®on the basis of facies ard faunal changes plus paleogeography,
that Permian formations at the surface in central and western Texas
can not extend under cover of the Cretaceous as far east as the
present Gulf border, and he has on different occasions said that

the salt probably comes from the older part of the Comanchean series".

3
Brown in & detailed paper, which approaches the problem through a

Se
Brown, Levi S., Age of the Gulf Border Salt Deposits: A. A. P. G.

Bull., vol. 18, no. 10, pp. 1227-21886, 1934.

general study of the origin of salt deposits, paleogeography, and
inclusions in cap rock, comsiders the Cretaceous age of these
deposits proven though he assigns a different age to the salt in
each of the several basins. Barton, in a review of Brown's paper,
very logically questions the validity of Brown's criteria, pointing

out in particular that inclusions of Navarro strata in the cap rock
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do not establish the Navarro age of thelcap rock, but that they

rather prove a pre-Navarro age. Barton considers the'age of the

1.

Barton, Donald C., Mechanics of Formation of Salt Domes with
Special Reference to Gulf Coast Domes of Texas and Louisiana:
A, A. P. G. Bull, vol. 17, no. 9, pp. 1045-50, 1933,

mother salt deposit unknown but believes that it must be at least
as old as early Comanchean because "Glen Rose has been brought up
by the Boggy Creek dome, Anderson and Cherokee Counties, Texas".

He also points out that "basal Lower Cretaceous rests on the top

of the salt at Smackover, Union County, Arkansas".

The Navarro inclusions mentioned above were found in the South
Liberty dome which is a short distance east of Harris County. This
proves that the salt in the gulf border area is pre-Navarro while
the Glen Rose inclusions at Boggy Creek prove a pre-Glen Rose age
for the salt of the interior basin. With only such inconclusive
data on this problem, a solution is not possible at the present time.

Cretaceous Seas, =~ Most of the epeiric seas had withdrawn from

the continent by the end of the Jurassic, and the entire Texas Gulf
Coast may have been above sea level.

The Cretaceous seas advanced far inland, covering much of Texas,
The minimum extent of the seas which deposited the segeral Comanchean

and Upper Cretaceous groups have been shown by Adkins , The maximum

e
Sellards, E. H., Adkins, W. S., and Plummer, F. B., The Geology
of Texas: The Univ. of Texas Bull. no. 3232, p. 277 and p. 403,

1932.
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advance of this period was during Austin time. The seas withdrew
at the end of the Cretaceous period and have never since advanced
over central North America as extensively as they did then.

These epeiric seas deposited large amounts of limestone and
chalk together with arenaceous and argillaceous beds in the region
now occupied by the western part of the Gulf Coastal Plain. That
they withdrew at times and then readvanced is shown by the uncon-
formities in the outcropping sections. Whether these regressions
brought the shore line as far south as the outer border of the
Coastal Plain or whether there was continuous deposition here through-

out Cretaceous time is unknown.

Cenozoice

In contrast to the Cretaceous seas, those of the Tertiary and
Quaternary time did not advance far inland, and they oscillated
frequently, resulting in a characteristic interfingering of marine
and non-marine deposits.

The era opened with an advance of the sea over the Coastal
Plain which lasted during all of Midway and earliest Wilcox time.
The Kincaid formation at the outcrop restis unconformably on the
Cretaceous, and its basal strata are near-shore, shallow-water
deposits, recording the invasion of the sea over the previously
eroded Cretaceous surface. The Wills Point strata at the outcrop
were deposited in relatively deep water, but the Seguin formation
is a shallow water deposit, recording the beginning of the retreat
of the sea. Formetions above the Seguin of the Wilcox and Claiborne

groups are alternately continental and marine at the surface, and
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the Jackson is part marine and part non-marine. The remainder of

the Cenozoic strata at the outcrop is éontinental, but deep wells
drilled in the vicinity of Harris County and other areas similarly
located with respect to the present shore line show that many of
these beds are marine there. The history of the Cenozoic seas is
thus one of frequent oscillations and a gradual withdrawal in the
;atter part of the era. The detailed succession of paleogeographies,
beginning with the Crockett, has been given in the section on strati-

and illustrated in the series of palecogeographic maps.

Gulf Coast Geosyncline,

The aggregate thickness of these Tertiary and Quaternary strata
shows that during Cenozocic time the area now occupied by Galveston
and‘Brazoria Counties, Texas, was depressed at least 30,000 feet
and probably as much as 35,000 feet (Fig. 8). The area now
occupied by Harris County was depressed somewhat less. The general
process of down-warping was interrupted frequently by reversals of
movement. These epochs o upzlift were probably brief in comparison
with the periods of sinking which is the dominant factor in the
Cenozoic history of the Gulf Coast.

Tq explain this excessive sinking of the area slong the coast
by postulating a similar amount of sinking over the entire area
of the Gulf of Mexico involves two serious difficulties. First,
such excessive depressions of the earth's surface have been
achieved in so short a time only in relatively long, narrow belts
and do not involve areas of the magnitude and shape of the Gulf of

Mexico basin. Such movements, in other words, are not epeirogenic
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but are the initial stage of an orogenic cycle., Second, if the
entire Gulf of Mexico basin was depressed 30,000 feet, a block of
sediments 20,000 or 25,000 feet thick, covering an area of 700,000
Square miles would be required to fill the Gulf to its present mean
level. Much of this would have to come from the basins of the
Mississippi River and adjacent smaller streams. These streams would
have had to furnish a Wedgevof sediments more than 30,000 feet thick
at the coast and more than 18,000 feet thick in the region of the
Sigsbee Deep. This seems unlikely in view of the fact that de-
Posltion instead of erosion occurred over much of the Great Plains
and in the Lower Mississippi valley during Tertiary time.

That the degree of formational thickening increases markedly
within 50 miles of the present shore line has been shown previously.
Dips in southern Harris County and in Galveston and Matagorda
Counties are much greater than in northern Harris County and in
Montgomery County. These excessively steep dips are found not only
in this area but in a long belt adjacent to the shore line in
eastern Texas and Louisiana.

This sudden increaée in the regional dip together with the ex-
cessive thickness of the Tertiary sediments indicate the presence
of a geosyncline of major dimensions with its axis essentially

parallel to the shore of the Gulf of Mexico, Geophysical evidence

great geosyncline has been presented by
1
Barton, Ritz, and Hickey ., In this important paper, the authors

of the existence of this

s)

: Barton, Donald C., Ritz, C. H., and Hickey, Maude, Gulf Coast
Geosyncline: A. A. P. G. Bull. wl,. 17, no. 12, pp. 1446-1438,

1933.

1.
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glve indubitable geophysical evidence of this geosyncline the axis
of which they place approximately @t the site of the present shore
line.

Although the western limit of this structure is unknown,
isopach maps show a distinct thinning of some of the formations in
the longitude of Matagorda and Wharton Counties, Texas, and sub-
surface structural maps show a gulfward component to the strike at
about the same place. While there is thus some reason to believe
that the structure becomes less pronounced west of Matagorda County,
the possibility that it does continue southwestward but with
gentler dips or that the axis diverges from the present shore must
be considered. It is also possible that this formational thinning
reflects only a northwest-siriking, anticlinal ridge.

Recent studies on the gulf Coast geosyncling in Louisiana have

been made by Howe , Russell , McGuirt and Moresi . Howe estimates

1.
Howe, Henry V., Louisiana Petroleum Stratigraphy: La. Dept. of

Conserv, Bull. no. 27, 1936.

2.
Russell, Richard Joel, Physiography of Lower Mississippi River

Delta: La. Dept. of Conserv. Geol. Bull. no. 8, 1936,

3e
Note: See bibliography in Bulletin no. 27 for papers by

MeGuirt, Moresi, and previous papers by Howe.

the maximum thickness of the Cenozoic in southern Louisiana to be

approximately 31,000 feet.
The pieture of the structure paralleling the coast is com~

plicated by the north-striking Mississippi embayment and by other

much smaller north-striking synclines and anticlines. The exact
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relatipnship of the Gulf Coast Geosyncline to the Mississippi em~
bayment is yet to be determined.

The Cenozoic history of this part of the Gulf Coast is largely
the pouring of sediment into this sinking trough. Both the sinking
and the sedimentation was interrupted for relatively brief periods
of time by reversals of movement which eXxposed to erosion the region

now occupied By the Gulf Coast.

Origin of Geosynclinal Depression.

Geosynclines are elongated, sediment-filled depressions in the
earth’s surface. They may come into existence in one of two Ways.
Either the surface was depressed by the weight of accumulating
sediments, or its lowering is due to independent forces arising
beneath the surface, The one hypothesis places the cause on the
earth's surface; the other places the cause beneath the earth's
surface. The one accounts for the pattern of the mobile belts in
the fortituous wanderings of the major streams; the other accounts
for the pattern of the mobile belts in the manner of crustal
yielding to stresses which are caused by forces originating in the

subcrustal part of the earth.

The idea that geosynclinal depression is due to sedimentary 1

loading has found many champions in the past and present. Russell

le
Russell, Richard Joel, loc. cit., pp. 180-193,

gives an historical review of contributions on this problem. He

himself attributes the sinking of the Gulf Coast Geosyncline to this

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



98

1

cause. Other proponents of the theory are Howe , and to a less
2

extent, Barton, Ritz and Hickey .

1.
Howe, Henry V., loc. cit.

2e
Barton, Donald C., Ritz, C. H., and Hickey, Maude, loc. cit.

The case for this theory rests largely on the observation that
much of the sediment in the Gulf Coast geosyncline accumulated near
sea-level, that maximum subsidence is at the site of the great
deltas, on the fact that the mean of observed gravity readings on
the Mississippi delta is almost zero, and on the belief that the
theory of isostasy supports it.

The proponsnts of this theory contend that the deposition of
thousands of feet of Tertiary and Quaternary strata under near sea-
level conditions proves that the rate of subsidence is a function
of the rate of sedimentation. The subsidence must, therefore, be
a result of the sedimentation for it would be highly improbable
that the effects of two unrelated factors, such as the rate at
which streams brought down sediment to the site of the geosyncline

and forces arising in the earth's interior, would proceed at the
3
same rate. Russell states that it would be a "miracle that sedi-

L4

De
Russell, Richard Joel, loc. cit., p. 180,

mentation should occur at a rate just sufficient to deposit all

materials filling the trough neither far above nor far below sea-

level™,
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lilocene, Pliocene, and Pleistocene deposits are thicker in the
Mississippi delta region than anywhere else in thé Gulf Coast, and
some geologists take this to mean that the great weight of these de-
posits caused the increased depression which is found here. Further-
more, the lack of an observed gravity anomaly is considered to in-
dicate a compensated column which means that a mass of rock below,
equal to the mass of sediment deposited above, has been removed. If
this 1s true, then causal relationship is inferred.

Finally, some proponents of the sedimentary load hypothesis
assume the validity of the theory of isostasy and maintain that
their hypothesis is a valid deduction from the general case to the
particular,

Indeed, a beautifully simple explanation of geosynclinal de-
formation appears to be supported by these arguments, and the idea
has proven to be attractive to most writers on the Gulf Coast geo-
syncline. But before accepting this theory, a more critical examina-
tion of the arguments supporting it should be rade as well as a
consideration of alternative hypotheses.

The presence of tens of thousands of feet of sediment in the
geosyncline, all deposited approximately at sea~level, is a fact
of prime importance. If this means that the volume of sediment
brought to the site of the Gulf Coast geosyncline during any interval
of time just equals the increase in the volume of the geosynclinal
trough during that same interval of time, then a weighty argument

has indeed been advanced to support the idea that deformation is

caused by the weight of the sediment. It is highly improbable that
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tensional stresses in the crust or other forces below the earth's
surface just happened to cause a rate of subsidence exactly sufficient
Tto accomodate all the sediment being brought down by the streams,
However, the assumption that sea-level deposition in the geosyncline
means that the rate at which sediment is transported to this area
equals the rate of dépression rests on a failure to consider all
possibilities. The rate of sedimentary accumulation along the Gulf
. border and in the margin of the Gulf of Mexico may be less than the
rate of geosynclinal depression, it may equal the rate of geosyunclinal
depression, or it may exceed the rate of geosynclinal depression.

The first case would, of course, result in deep-water deposition,
Eocene beds in the geosyncline may be aeep-water deposits, but most
of the post-Vicksburg beds Wére surely deposited near sea-level or
wave~base. The second case would result in near sea-level deposition,
and proponents of the sedimentary load theory conclude, therefore,
that the shallow water deposits in the geosyncline indicate that geo-
synclinal depression did necessarily proceed at the same rate as the
transportation of sediment to the Gulf of Mexico. A consideration of
the third possibility, however, shows the fallacy of this conclusion.
If sediment was brought to the Gulf of Mexico faster than the rate

of geosynclinal depression, then the trough would be filled to sea-
level or wave-base, depending upon the exact position of the strand
line with respect to the geosyncline, and the excess load would be

carried by wave action and currents beyond the geosyncline since it
borders upon an open basin. TUnder these conditions, then, near sea-
level deposition would occur in the structural trough and the appear-

ance of the stratigraphic column would be the same as though the
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volume of sediment brought down at any particular intervel of time
did equal the increase in the volume of the trough during that same
interval of time.

The large amount of sand in the marine, post-Heterostegina

formations at the modsern shore line shows that sediment was by-
passed beyond the axis of the trough. Furthermore, the gentle
slope of the sea floor south of the geosyncline suggests a deposi-
tional surface as far as the 100 fathom line which, in places, is
150 miles south of the supposed position of the axis of the geo-
syncline. The fact that salt comes as elevated topographic features
on the sea floor are largely, if not entirely, absent from this
gentle slope, but are conspicuously present beyond it, is best ex-
plained by assuming that they-have been truncated by wave and current
action and covered by recent sediment. This substantiates the
interpretation of this gentle slope as a depositional surface.
Good reason thus exists for believing that a greater volume of
sediment was transported to the Gulf shore line during Tertiary
time than the geosyncline proper could hold and that the excess was
carried by waves and currents beyond the geosyncline into the open
basin of the Gulf of Mexico, and the conclusion that near sea-level

- deposition of large amounts of sediment in the geosyncline indicates
that geosyneclinal depression proceeded at the same rate as the trans-
portation of sediment to the site of the geosyncline is not justified.

This condition of an excess of sediment existed in other geo-

synclines. The Appalachian geosyncline was not able to accomodate

all the sediment brought to it during the Paleozoic era. The
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Paleozoic, clastic sediments in the area now occupied by the states
west of the Appalachian Mountains represents the excess eroded from
0ld Appalachia and carried seaward beyond the geosyneline. If the
weight of accumulating sediment could cause defofmation, there would
be no deposition of coarse clastic sediments seaward from the
structural trough. This fact itself refutes the main argument
frequently advanced by proponents of the sedimentary load theory.

The fact that Miocene, Pliocene, and Pleistocene deposits are
thickest in the Mississippi delta region dces not require, as pro-
ponents of the sedimentary load theory contend, that the superior
weight of this great body of sediment caused the excessive sub-
sidence. Equally possible is the alternative - that the Mississippi
River and the delta got their positions as a result of excessive
subsidence. The th%fk sedimentary accumulation could, therefore,
be the result of down-warping rather than the cause of it.

The fact that geophysical investigations have shown that the
observed gravity anomaly on the delta is almost zero is very im~

pressive until allowance is made for variations in surface densities.

Bucher has shown the important influence of abnormal densities8 close

1. ,
Bucher, Walter H., Deformation of the Farth's Crust: Princeton

Univ, Press, pp. 30-33, 1923.

to the surface on observed values of gravity. He points out that
"since gravitative attraction varies inversely as the square of the

distance, a heavy rock mass immediately beneath a station will

register an excess of gravity over that of surrounding crustal

columns of equal elevation and equal mean density”. A light rock
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mass at thé surface will, of course, have the opposite effect on
the observed gravity wvalues.

This effect of variations in rock density upon observed gravity
values has been recognized, as Bucher observes, by geologists and
geodesgists for some time, and it must not be ignored in the inter-~
Pretation of observed values. The gravity readings on the Mississippi
delta must be considered in the light of this fait.

In discussing the Mississippi delta, Bucher states that "if the

1.
Bucher, Walter H., loc. cit., p. 33,

column beneath the delta were in isostatic equilibrium, the light,
unconsolidated sediments of at least the upper part of the delta
should register a strong negative anomaly = . . . If the delta con-
stituted a local, essentially equidemensional body, the absence of
such strong negative anomalies would mean that there is an excess

of mass below, that is, the crust is not in eguilibrium and that

the delta constitutes an excess load. If, on the other hand, its
shape approached that of a thin sheet of large horizontal dimensions,
its differential effect on the value of gravity would be negligible".
The fact that the Mississippli delta has a great thickness is admitted
by proponents of the sedimentary load 1‘:heory‘é Since the observed

gravity readings approach zero (-0.005 dyne) , it would appear that

e
Pucher, Talter H., loc. cit., p. 33.

the whole column which includes the Mississippi delta is not com~
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rensated. The sedimentary load theory, however, requires near com~
Pensation at all times. Suberustal movement and subsidence must
keep pace with sedimentation. Failure to do so would result in a
progressive, seaward movement of the shore line aﬁd no localization
of sedimentation over long periods of time would result. The fact
that the Mississippi River has built out its delta as much as 100
miles south of the position of the shore line on the east and west.
shows clearly that subsidence has not recently kept pace with sedi-
mentation. Gravity studies on the Mississippi delta, therefore, 4o
not support the idea that the weight of accumulating sediments causes
the depression of the geosynclinal trough.

Some geologists believe that the sedimentary load theory is
necessarily a consequence of the theory of isostasy. The reality of
isostatic changes is not questioned hefe. The controversy about
isostasy is the extent to which the deformation of the earth's crust
can be attributed to it.

That the mechanism of sedimentary loading as the cause of deform-
ation requires almost perfec{ compensation at all times is conceded

by proponents of this theory ., But such a mechanism is predicated

1.
Russell, Richard Joel, loc. cit., p. 184,

upon a lack of inherent strength in the crust of the earth. ZEven

geodesists concede that the crust is able to bear an excess load of
600 feet of rock before failing. Geologic data indicate that this

load is more likely to be measured in thousands of feet rather than
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1 2
hundreds , Russell points to the subsidence of the continent under

1.
Bucher, Walter H., loc. cit., pp. 34-35.

2. _
Russell, Richard Joel, loc. cit., p. 189,

the weight of an ice cap as direct evidence that a superficial load
causes crustal subsidence. However, the depression of the crust in

a long, narrow belt for tens of thousands of feet cannot be com-
pared to the relatively slight subsidence of the nearly equidi-
mensional, glaciated regions. The very faét that the ice spread
out over large areas on the continent rather than depressed the
crust along deep, narrow troughs adjacent to the focal points of
the glacier is evidence against the thesis that subsidence is the
effect of sedimentation.

While isostasy can restore equilibrium, there is no evidence
to show that it can effect the reverse. When equilibrium has been

established and the geosyncline has been filled to sea~level, the
site of deposition should change. This is ﬁot the case in the Gulf
Coast geosyncline for depression has been localized in this one place
throughout most, if not all, of Tertiary time.

The case against the sedimentary load theory does not rest
entirely on the failure of the arguments intended to support it;
there are at least four other Tacts which are not compatible with
the theory. First, if the weight of accumulating sediments causes
down-warping, the maximum thickness of a formation which has both a

marine and non-marine facies should be at the shore line of that
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formation. A substantial portion of the Tertiary formatioﬁs reach
their maximum thickness far south of the shore line of that time.
Second, the sedimentary load theéry does not account for the re-
versals of movement evident during Tertiary and Quaternary time.
Third, this theory does not account for the oceanic deeps which are
geosynclines without a sedimentary fill. PFourth, it does not account
for the failure of a geosyncline to develop around the margins of

the Canadian Shield even though this was a persistent land mass and
shore line sedimentation must have occurred.

Formational thickening as far south as Bammel in north-cen tral
Harris County has been proven for formations as old as the Cook
Mountain. The Bammel area is sufficiently close (approximatsly 15
miles) to the edge of the geosyncline in southern Harris County where
the remarkable increase in the degree of formational thickening begins
that one may safely assume that Cook Mountain beds are involved in
the geosyncline. |

The maximum thickness of the Cook Mountain formations at the
outerop in eastern Texas where the group is part marine and part non-
marine is 700 feet, whereas, in the Bammel area 75 miles south,.
where it is entirely marine, the group is more than 1500 feet thick.
The Yegua beds are from 1200 to 1240 feet thick in northern Liont-
gomery County which is the average position of the shore line during

Yegua time. In central Harris County, 50 miles from the shore line,

the Yegua is more than 1400 reet thick. The average position of the

shore line for the Jackson is at the outerop or & short distance

landward. The Jackson is approximately 900 feet thick there but it
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is 1380 feet thick in southwestern Harris County 80 miles from the
0ld shore line. The sea retreated throughout the deposition of the

Textularia warreni Beds and their exact continental equivalent is

not definitely known. The shore line during Frio time was in the

geosyncline. The Marginulina, Heterostegina, and Discorbis zones

were deposited in a transgressive-regressive sea and there probably
is no continental equivalent of the upper part of these beds. The
Catahoula shore line was in the geosyncline but the Catahoula does
not thicken appreciably toward it; the thickness of this formation
remains nearly constant. The shore line for Fleming and post-
Fleming deposité was in the geosyncline. Thus, for all post-Weches
formations, there seems to be no relation between formational thick-
ening and paleogeography. Whenever the shore line was not in the
geosyncline, the formation thickened toward the geosyncline and not
toward the shore line. This would not be expected if subsidence was
due to sedimentation.

A yet more striking case than this of lack of relationship be-
tween shore lines and maximum subsidence is the Wichita geosyncline
of Oklahoma. The Arbuckle limestone thins without & change of facies
from its maximum thickness of 6000 or 8000 feet at the site of the
mountains to 1000 feet or less southward in Texas and northward in
Kansas., Certainly the maximum thickness of this formation is not
obtained in a deltaic or shore line facies but attains its maximum
instead in the marine limestone and dolomite facies. Though Howe

1
and Russell confidently believe "that drainege patterns determine

l.
Russell, Richard Joel, loc. cit., p. 193,
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future courses of mountains™, early Paleozoic drainage patterns had
nothing whatever to do with determining the position of the Wichita
Mountains.

The mechanism pictured by the sedimentary load theory cannot
@ccount for the epochs of uplift in areas where subsidence and sedi-
mentation has been the general rule. The history of all geosynclines
has been marked by relatively short periodé of uplift during the
initial stage of the orogenic cycle vhen down-warping was predominate.
That this is also true of the Gulf Coast geosyncline and the Gulf
Coast in general is shown by unconformities in the section, by fluc-
tuations in fhe shore line, and by the preéence of submarine canyons
in the Gulf of Mexico. The unconformities in the section and the
succession of paleogeographies have been treated elsewhere in this
paper. Notable retreats of the sea occurred just after the close of

the Jackson and during Upper Heterostegina and Discorbis time. The

basal Catahoula contact is marked by a major unconformity and the
region occupied by the geosyncline must have been uplifted consider-
ably. Recent uplift is shown by thé entrenched streams found every-
where on the coast. Streams in northern Harris County ari entrenched

as much as 85 feet. The paleogeogravhic studies of Moody in Louisiana

l v 3 -
.Mbody, Ce Lo, Tertiary History of Region of Sabine Uplift, Louisiana:
A.. .A.o Po Go Bullo VOl. 15 Y D.O. 5’ PPQ 551-551, 1931

show that the shore line there fluctuated hundreds of miles and must

indicate reversals of movement of hundreds of feet.

The submarine canyon south of the mouth of the Mississippi River
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1
is evidence of uplift.. Shepard relates this trough to eustatic

1.
Shepard, Francis P., "Salt™ Domes Related to Mississippi Submarine
Trough: Bull. G. S. 4. vol. 48, pp. 1349-1362, 1937.

changes in sea-level due to glaciation and deglaciation and sub-
sequent subsidence of the region, but the relief of the canyon is too
great to be accounted Tor in this way. 4 cross—séction drawn where

the 2400-foot contour crosses the bottom of the canyon shows more than
1800 feet of felief. Shepard accounts for the flat bottom of this
trough by mud £ill, pointing out that the profile slope is the same

as the angle of repose for mud. A projection of the slope of the
canyon walls shows that the bottom of the canyon must have been at
least 600 feet below the present level of the mud. This gives a re-
lief of 2400 feet for the canyon at this point. Farther south the
relief was probably greater. If this is to be accounted for by changes
in sea-level due to glaciation, a lowering of sea-level of more than
2400 feet is required. Since the oceanic areas are 2.6 times the land
areas and since only a small fraction of.the land areas not now covered
by glaciers were covered by Pleistocene ice sheets at ahy one time, it
is obvious that the average thickness of the ice sheets would have %o
be mény times 2400 feet to cause the erosion of the submarine canyon
south of the mouth of the Mississippi River. A thickness many times
greater than that indicated by present ice sheets and by physiographic
observations in the northern mountain regions would be required. An
appeal to uplift of the geosynclinal area seems inevitable.

These epochs of reversal of movement in the geosyncline, in-
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dicated by unconformities, shore line migrations, entrenched streams,
and the submarine canyon are opposed to the basic tenets of the
sedimentary load theory.

An obvious argument against this theory is th&t many structural
troughs could not have been caused by the weight of accumulating
sediments because they contain no sediment. These, of course, are

the ocean deeps.‘
1

It is interesting to note that Russell , in looking to ™the

X,
Russell, Richard Joel, loc. cit., p. 189,

great laboratory of Nature™ which he recommends in preference to the
"lesser laboratories of manm", appealed to the relatively slight con~
tinental subsidence under the weight of an ice sheet when he could
have had the Sigsbee Deep which is much more comparable to the Gulf
Coast geosyncline in shape, amounf of subsidence, and geographic
position. In fact, the Sigsbee Deep and the Gulf Coast geosyncline
may be cognate structures. On the south side of the Sigsbee Deep,
the slope is more than 11,000 feet in less than 50 miles. Yet there
is no sedimentary load ﬁo depress this structure. Obviously the |
theory fails in this case and has to be limited to structures filled
Wwith sediment. The fact that a structural trough is or is not filled
with sediment depends only upon its geographic setting and there is
no reeson 0 suppose that different causes must be attributed to the

formation of each. If one has to appeal to a different cause for the

oceanic deeps, a cause that could also account for all the types of
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geosynclines, then the case in favor of that theory 1is strong because .
‘dualism in science has farely, if ever, conformed with reality.
Finally, the failure of a geosyncline to develop around the
margins of the Canadian Shield is unaccountable by the sedimentary
load theory. There were four main land masses in North America during
Paleozoic time ~ Appalachia, Cascadia, Llanoria, and the Canadian
Shield. Epéiric seas repeatedly lapped up on the flanks of all of
these structures. Streams carried sediment from each of these land
masses into the seas. Deltas and other shore line features must
have been formed on the margins of each. All the requirements for
the formation of a geosyncline, according to the sedimentary load
theory, were present at the margins of all four land masses. Yet no
geosyncline was formed adjaceﬁt to the Canadian Shield. One cannot
escape the conclusicn, therefore, that something more than a sedi-
mentary load is required to originate and develop & geosyncline.
Contrary to this latter thesis, one might contend that there was
no great amount of sediment removed from the Canadian Shield during
Paleozoic time and that the boundaries of this land mass lacked
definition with the result that fhe shore line fluctuated widely
preventing long-continued localization of sedimentation. There is no
reason, however, to assume that a great deal of the inorganic sediment
throughout the central part of the continent was not derived from the

Canadian Shield. If sediment could depress the crust, a geosyncline

would surely have originated at the site of the early Paleozolc shore
lines around the Canadian Shield and this would have given definition

to the land mass. Instead, however, the Wichita geosyncline was
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formed hundreds of miles south of the shore line as is shown by the
Arbuckle limestone.

In view of the failure of the sedimentary load theory to account
for the observed facts and the apparent absence of any other cause on
the earth's surface, we must look for a cause of geosynclinal depress-
ion beneath the surface.

Many hypotheses have been formulated concerning the nature of
the prbcesses below the earth's surface which lead to the formation
of geosynclines. Here again two alternatives exist. Either geo-
synclines arise as concommitant features more or less simultaneously
with the formation of folded mountains in the course of a continuous
process of crustal deformation, or they come into existence independ-
ently, through a set of forces different from and possible opvrosed to
those which cause the folding of mountains. Most geologists favor
the former view. But the presence of $0 conspicuogs a geosyncline as

that here discussed without a corresponding "welt"™ of mountains ad-

1.
Bucher, Walter H., loc. cit., pp. 4-5.

joining it, seems to the writer to be convincing proof that not all
geosynclines, and certainly not this one, have formed as a by-product
of the process which raises welts.

Of attempts to account for the presence of geosynclines inde-
pendently of welts and folded mountains, the writer wishes to mention
two which follow radically different lines.

Geosynclines form on the margins of earth "blisters" according
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1
to Rich , which result from local subcrustal heating possibly due to

1.
Rich, John L., A Mechanism for the Initiation of Geosynclines and
Geo-Basins: Abstracts of papers offered at the fiftieth annual

meeting of the G. S. A., 1937,

local excess of radioactive matter. Isostasy comes into play when
erosion removes the top from the high area (in the case of the Gulf
Coast geosyncline presumably the adjoining part of the continent).
Geosyﬁclines result from the local withdrawal of subcrustal matter

at depth from the foreland towards the high land to restore isostatic
equilibrium,

If there were little or no friction in the flow of subcrustal
matter, the withdrawal of matter from beneath the vast foreland wuld
be distributed over its whole area. But because of the very large
internal friction which opposes movement, material is withdrawn at
first only nearest the point of deficiency of mass, 1.e. along the
edge of the "blister®"., If no sediment accumulated in it, the de-
pression would gradually vanish as surface equilibrium is established
by the sluggish flow of the viscous subcrustal matter. But when sedi-
ment fills the trough, it is perpetuated and its sinking even accent-
uated while it formse.

Bucher, on the other hand, points out that geosynclines deepen
during "anorogenic" times, that is, during those epochs of the earth's

£ on the carith's surfece dwindles to a minimum and

[

history when rell
when the seas transgress widely over the continents; whereas they tend

to shallow or even emerge completely during "orogenic!" times, i.e. when

relisf on the earth's surface increases and mountain folding is active.
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From this contrast he infers that geosynclines result from forces
opposed to those which make mountains. If the latter are due %o
compression in the earth's crust, geosynclines should be the result
of tensional stresses in the crust, comparable to the hollows formed
on an inhomogeneous rubber sheet under tension, which stretches and
thins most at the weakest points. This hypothesis accounts equally
well for geosynclines on ocean floors, as for those on the continental
platforms, and for reversals in movement, so characteristic of geo-

synclines. According to it, the depressions localize the drainage

(4

eltas. Furthermore, the failure of a geosyncline

[o])

of the land and the
to develop around the margin of the Canadian Shield and the fact that
a number of the formations involved in the Gulf Coast gebsyncline
attain their maximum thickness far seaward from the shore line offer
no diffieulty to it.

This hypothesis requires essential simultaneity of all major
epochs of geosynclinal and of orogenic phases over the whole earth,
which is at present-hard, if not impossible]to prove. Furthermore,
no plausible cause has been suggested for tie alternation of com-
pressibn and tention in the crust. These seem to be the chief
difficulties of this hypothesis. |

Studies of the Gulf Coast geosyncline do not appear to the
writer, at the present time, to Jjustify the final acceptance of any
of the hypotheses for the origin of geosynclines thus far advanced.
Sufficient evidence does appear to exist,. however, to Jjustify the
abandonment of the sedimentary load theory and also those hypotheses
which require the formation of folded mountains or welts concomitant

with geosynclines. The field of speculation seems to be limited to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



115

forces arising within or beneath the earth's crust. Furthermore, any
hypothesis of world-wide application must &ccount for geosynclines
which are formed independent of excessively high elevations as well as
those which are associated with such elevations.

Whatever may be the primary cause of the formation of the Gulf
Coast geosyncline, isostatic adjustment to the weight of accumulating
sediments may have been an important secondary factor. The Sigsbhee
Deep suggests the possibility that the Gulf Coast geosyncline was a
similar structural and topozraphic basin in early Tertiary time when
the strand line was far inland. After this basin had come into ex-
istence, it offered an opvortunity for the accumulation of thousands
of feet of sediment. The weight of the first several thousand feet
of Tertviary deposits may have becn sufficient to overcome the in-
herent strength of the crust and to cause further sinking. This
phase in the evolution of the Gulf Coast geosyncline could not have
extended later than Vicksburg time because Frio deposits in the geo-
syncline were deposited near sea-level, and henceforth there was
probably no opportunity for the accumulation of a sufficient excess
of mass to overcome the inherent strength of the crust. From this
time on, the forces acting within or beneath the crust must have
been the sole cause of deformation.

It is to be emphasized that with such a history of this structure
as outlined above, the writer assumes that at first there was a mass
deficiency and that compensation was reached by the beginning of Frio
time, that is, when near sea-level deposition occurred. This assump-

tion is based on the belief that pre-Frio deposits in the geosyncline
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are of the deep-water type. This condition is suggested but not

proven by paleogeographic data already given.

Physiographic History.

Two physiographically distinct areas are present in the
margin of the western Gulf Coastal Plain. One is an embayed area
adjacent to the shore line, and the other is an entrenched area
located farther inland. The embayed area is limited to a very
narrow belt and has an excessively gentle slope. The profile from
the shore line to northern Harris County indicates a physiographic
unconformity about 50 miles from the shore line. The slope from
Galveston to Houston, a distance of 50 miles, is 1 foot per mile.
The slope from the 50-foot contour to the base of the Hockley scarp,
a distance of 25 miles, is 4.6 feet per mile, and in northwestern
Harris County elevations as high as 275 feet are récorded. In the
area north of the 50-foo% contour, streams are actively downcutting,
whereas the area south of the line is embayed. Streams are en-
trenched all the way to the estuaries and in many cases are slightly
entrenched in the areas between the bays.

Recent uplift is shown by the entrenched streams present

everywhere on the Texas Gulf Coast. In northern Harris County, Spring

Creek is entrenched 85 feet, and most of the streams in the vicinity

of Harris County are entrenched from 25 to 75 feet. The profile

desceribed above shows that the uplift was greater north of the

50-foot contour than south of it.

The numerous drowned valleys and long tidal areas which mark
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the outer margin of the Coastal Plain have commonly been inter-
preted as the result of subsidence. Professor Walter H. Bucher
has suggested to the writer, however, that the drowning of the
valleys may be the result solely of a rise of sea-level due to

the deglaciations of the last 20,000 years. He points out that
drowning is a universal phenomenon except in those regions where
recently lifted terraces demonstrate that the land has been rising
faster than the sea-level,

The profile of the present surface appears to support the
latter hypothesis. As stated previously, the slope is very gentle
south of Houston and is relatively steep north of there., This is
the exact opposite of the curve described by the dip of the Tertiary
beds which is steepest between Houston and the shore line and is
gentlest northward from Houston. Since the dip of the Tertiary
beds is definitely the curve for geosynclinal sinking, one would
not expect that the mirror image of this curve, which is the present
land slope, would also be the result of geosynclinal sinking. If
the present land slope were the result of geosynclinal depression,
the axis would have to be situated at least 50 miles north of the

axis of deformation during Tertiary and Quaternary time. This
is highly improbable. The present slope seems to be best explained
by upward deformation along an axis north of the 50-foot contoure.

Such an uplift together with deglaciation will explain the present

profile, the entrenched streans, the estuaries and also such an

anomaly as the elevated beach at Corpus Christi. The slightly

entrenched streams near the shore line are the result of a rela-

tively small amount of uplift. They are not drowned because they
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have not cut down as far as the main streams which form the
estuaries, |

If this is the recent history of the Gulf Coast, then the sub-
merged canyon south of the mouth of the Mississippi River and the
present alluvium-filled canyon of the Mississippi were formed in
& cycle of uplift and subsidence which antedates the uplift re-~
presented by the entrenched streams in Texas.

Significance of Barrier Beaches. --The coast of Texas is

bordered with barrier beaches. Padre Island and Matagorda Island
are excellent examples. Behind these barrier beaches are equally
well-developid estuaries.

Russell states that many geologists believe the Texas coast

3

.
Russell, Richard Joel, loc. cit.,, pp. 162-174,

to be emergent because of the presence of these barrier beaches,
He says that the use of barrier beaches as a criterion of coastal
emergence "has had such impressive sponsorship that today most
geologists accept it without question™. While this statement is
debatable, he is correct in concluding that barrier beaches are
not necessarily indicative of an emergent shore line. Russell's
treatment of the barrier beach problem, however, is noteworthy for
its failure to show the significance of these topographic features.
Professor N. M. Fenneman first pointed out to the writer that
barrier beaches are a device to correct an excessively flat off-

shore profile. Just as streams build up or cut down their bed to
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establish grade so there is an off-shore profile of equilibrium
toward which waves and currents will direct their energy. If
this slope from shore line to wave base is too steep, a cut-and-
built-terrace will be formed to correct this deviation from the
brofile of equilibrium. If the slope is too gentle, the waves
will expend their energy in dragging over_this excessively flat
surface and break before reaching the shore. An off-shore bar,
Oor barrier beach, will be formed at the line of breakers. The

lagoon will soon be filled, and the barrier beach will then re-

bresent the new shore line. In this way the shore line will be

moved seaward, the off-shore slope increased, and the profile of

equilibrium established.

After a new cycle is inaugurated, then; the presence or absence
of barrier beaches will depend upon the slope of the initial off=-
shore profile and not upon the condition of emergence or submergence.

When a gently-sloping surface like the Texas Coastal Plain is sub-

siding or when sea-level is rising upon such a surface, an ex-
cessively flat off-shore profile may be inherited since the slope

from thé shore line northward to the 50-foot contour is much less
than from the shore line southward. to the 100-fathom line. Barrier
beaches and estuaries would then be formed simultaneously.

1
Russell has proposed that a classification of shore lines on

1.
Russell, Richard Joel, loc, cit., p. 174,

the basis of advance and retreat be substituted for the basis of
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submergence and emergence. The inadequacy of this proposal is

apparent when one considers that a shore line cannot advance
appreciably without subsidence once the profile of equilibrium is
eétablished. When the profile of equilibrium is established, the
energy of the waves is exhausted Jjust as they reach the shore and
they are without ability to attack the continent. Most of the
features which mark the progressive changes iﬁciéent to the evolu-
tion of a shore line are directly or indirectly a result of an
off-shore profile which is not in equilibrium. Since only dias-
trophism can alter an off-shore profile once it is in equilibrium,
the classification of shore lines on & basis of submergence and

emergence has more real significance than a classification on a

basis of advance and retreate.
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