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The Bluebonnet Member, Lake Waco
Formation (Upper Cretaceous), Central
Texas - - A Lagoonal Deposit

BURR A. SILVER

ABSTRACT

The geologic history of the Bluebonnet member, Take
Waco formation, Eagle Ford group (Upper Cretaceous)
in central Texas is interpreted along the following lines
of investigation: (1) distribution of clastic sediments,
(2) depositional environments, (3) geochemical en-
\'lr(mmmts (4) significance of microfaunal distribution,
an<1 (5) diagenetic effects.

The Bluebonnet depositional basin is confined to all
or portions of Bell, Falls, Mclennan, Limestone, and
Hill counties, central Texas.

The Bluebonnet member consists of 10 to 20 feet of
limestone, shale and bentonite beds. Three zones are
recognized within the member, each based on lithology
and microfaunal abundance. A zone is not necessarily
time-equivalent throughout the area, but each represents
a distinctive depositional environment.

Limestone beds (1-12 inches thick) grade upwarid
from fine to medium-grained, well sorted, cross-bedded,
ripple-marked Inoceramus biosparites to fine-grained,
structureless Foraminifera biomicrites. Northward along
the outcrop the lower limestone beds (zone 1) are
Inoceramaus biosparites in Bell and southern Mclennan
counties, Foraminifera biomicrites in central McLennan
County, Inoceramus biosparites in northern MclLennan
County, biomicrites in southern Hill County and [no-
ceramus biosparites in central Hill County. Limestone
beds in the middle and upper part of the member
(zones 2 and 3) are biomicrites except in Bell and
southwestern Mclennan counties where locally I#no-
ceranuts biosparite beds occur in the middle part of the
member.

Shale beds are gray to black, thinly laminated,
calcareous and contain abundant ])]dl]l\tOl]lL foraminifers.
No benthonic megafossils were observed in the shales.
Shale beds are more thinly laminated in the middle
part (zone 2) of the member than in the lower or upper
parts (zones 1 and 3). Lamination is best dcxeloped in
central McLennan and southern Hill counties. Shale
is the dominant lithology in the upper two-thirds
(zones 2 and 3) of the member.

Bentonite beds ( 4-10 inches thick) are more numer-
ous and thicker in central McLennan and southern Hill
counties. Bentonite beds contain calcium montmoril-
lonite, kaolinite, sodium montomorillonite, and quartz,
in relative order of abundance. Bentonite beds are
commonly reworked and laterally discontinuous.

Planktonic foraminifers, Hedbergella, Clavihedbergel-
la, as well as Giimbelina, increase in abundance upward
in the shale beds. Foraminifera exceed 40,000 in-
dividuals per cubic centimeter of residue locally in cen-
tral MclLennan and central Hill counties. Numerous
ammonites have been reported in the Bluebonnet mem-
ber, and normally ammonites are restricted to limestone
beds in the lower part of the member.

Mineralogy of the Bluebonnet member includes cal-
cium montomorillonite, sodium montmorillonite, kao-
linite, illite, gypsum, quartz, calcite, rhodochrosite, and

arbon. Only calcium montmorillonite, kaolinite, cal-
cite, and carbon were used for geochemical interpreta-
tions. Calcium montmorillonite reaches maximum
:tl)un(lance in Bell, southwestern McLennan and central

Hill counties. The amount of kaolinite and carbon
varies inversely with calcium montmorillonite content,
whereas calcite varies directly with calcium montmoril-
lonite content. Rhodochrosite is locally present in cen-
tral McLennan and southern Hill counties.

It is concluded that the Bluebonnet member is a
lagoonal deposit. Four stages of development are
|mstuldlcd—vouth late youth, early mature, and mature.
The youthful stage was char acterized by bay-mouth bar
and inlets as suggebtul by subsurface and surface data,
[Field and petrographic data indicate cuspate and midbay
bars which are characterized by limestone beds ex-
hibiting high energy sedimentary structures, good sort-
ing and sparry calcite cement. Values of pH were
slightly alkaline and the Eh was probably positive or
oxidizing.

Late youthful stage of the Bluebonnet lagoon was
characterized by recession of the cuspate bar and mid-
bay bar forming a secondary cuspate bar. Shale deposi-
tion was dominant in central and northern McLennan,
and Hill counties. Marsh deposits occur in Hill County.
Values of pH in the southern half of the lagoon were
slightly alkaline, whereas in the northern part they were
slightly acidic. Values of Eh were positive (oxidizing)
near bar areas, but slightly negative (reducing) in the
northern half of the lagoon.

Recession of the secondary cuspate bar and slight
landward migration of the baymouth bar occurred
during early mature stage of lagoonal development.
Peripheral marsh deposits in the ll"‘()()ll gradually con-
stricted the basin. Values of pH in the basin were
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acidic, and Eh values were negative.

The Bluebonnet lagoon was filled hy marsh deposits
during the mature stage of development. Water in the
lagoon was acidic ; Eh was negative. LLagoonal sediments
were covered and preserved by gray, thinly laminated
shale deposits (Cloice member ) of the transgressing sea.

Post-depositional processes exhibited in the Blue-
bonnet member include compaction, cementation and re-
crystallization. Compaction resulted in about a 45 per-

cent decrease in original sedimentary thickness.
Cementation of the bar-deposited limestone beds was
due to primary precipitation of sparry calcite and later
pressure solution. Recrystallization, a common dia-
genetic process in the member, nearly destroyed original
depositional fabrics in the upper limestone beds; grain
seeding and grain growth are two most prominent types
of recrystallization.

INTRODUCTION*

PURPOSE

The Bluebonnet member of the Lake Waco formation
(Upper Cretaceous) of central Texas has long been
of interest to geologists because of complex lithologic
relationships, sedimentary structures and paleontological
variations which clearly distinguish it from other Upper
Cretaceous rocks of the region.

Farlier work by Chamness (1958) and Silver (1959)
considered the gross aspects of the member. Silver
(idem) suggested that Bluebonnet sediments were de-
posited in a lagoonal environment, and further con-
cluded that much of the original sediment of the postu-
lated Bluebonnet lagoon is preserved along the present
outcrop or immediately eastward in the subsurface.

The purpose of the present study was to extend the
scope of the earlier investigations (idem) and to under-
take other studies which might contribute to a more
complete and accurate interpretation of Bluebonnet dep-
osition.

This investigation considers the following major as-
pects in compiling and interpreting data pertaining to
the geologic history of the Bluebonnet member: (1)
gross configuration and lithology; (2) distribution
and significance of clastic sediments; (3) significance
of faunal variations; (4) postulated geochemical en-
vironments; (5) postulated sedimentary environments ;
and (6) diagenetic effects on the sediment.

LOCATION

The area of study includes portions of Bell, McLen-
nan, Hill, Falls, and ILimestone counties in central
Texas (fig. 1).

PROCEDURES

A field study of the Bluebonnet member was com-
pleted including mapping, description, and collections
for laboratory analyses. A review of the literature re-
lating to the Bluebonnet member and lagoonal deposi-
tion was an early phase of the study. I.aboratory pro-
cedures included peels and petrographic thin section
studies of limestones, micropaleontological studies, min-
eralogic analyses by X-ray diffraction, carbon analyses,
and carbonate analyses.

PREVIOUS WORK
The Itagle Ford group, which includes the Blue-
bonnet member, has been a formal stratigraphic unit

1A thesis submitted in partial fulfillment of the requirements
for the M.S. degree in Geology, Baylor University, 1963.

for many years. Ferdinand Roemer (1852, p. 68)
called the black Fagle Ford shales the “fish beds.” In
1860, B. F. Schumard described rocks now assigned to
the Fagle Ford group, following earlier studies by his
brother, G. G. Schumard. B. F. Schumard applied
the name “Marly Clay or Red River group” and placed
the unit above the Woodbine formation, but he incor-
rectly considered it the base of the Cretaceous section.
Marcou (1862) placed the “fish beds” of Roemer be-
neath the Austin chalk. J. A. Taff and S. Leverett
(1893) first identified many of the Kagle Ford fossils.
In 18387 R. T. Hill applied the name “Eagle Ford
group” to this unit. In 1901 Hill more completely
described the Fagle Ford group. Prather later (1902,
p. 61) divided the Fagle Ford group into the South
Bosque and Fagle Ford formations, but included with-
in the latter, rocks now assigned to the Pepper forma-
tion.

Pace (1921) completed a reconnaissance geologic
study of McLennan County. She considered the
shale between the Buda formation and lowermost lime-
stone beds of the Fagle FFord (Pepper formation) a
part of the FEagle Ford group (idem, p. 4). Adkins
(1923) mapped the Eagle Ford group in Mcl.ennan
County, and later (1928; 1932, p. 434) identified fos-
sils of the Eagle Ford, but he contributed little strati-
graphic data.

Adkins and T.ozo (1951, p. 120) divided the Eagle
Ford into the South Bosque and T.ake Waco formations.
They further divided the Lake Waco formation into 3
members—Bouldin, Cloice and Bluebonnet in de-
scending order. The type locality of the Bluebonnet
member is

“ .. along the Bosque escarpment from the old south
Bosque brickyard southwest into the Moody Hills, then
southward past Moody, McLennan County, Texas. The
type section is opposite Bagget's Station [154-B-402]
east of State Highway 317, about 4.5 miles south-south-
west of McGregor” (Adkins and Lozo, 1951, p. 120).
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2Refer to locality on figure 2 and in Appendix IL
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STRATIGRAPHY

REGIONAL GEOLOGY

The area of study (fig. 1) is near the interior bound-
ary of the Gulf Coastal Plain of Texas. Quaternary
and Cretaceous rocks crop out in the region ; Quaternary
rocks are unconsolidated stream deposits and Creta-
ceous strata consist of limestone, calcareous shale and
poorly cemented sand.

The boundary between Lower and Upper Cretaceous
rocks approximately coincides with the north-south
trending Bosque escarpment, which also marks the
western edge of the Balcones fault zone (fig. 1). In
this area the Balcones fault zone is composed of down-
to-the-coast normal faults of large displacement (>100
feet) and numerous smaller compensating faults. The
Balcones fault zone cuts the outcropping Bluebonnet

GENERAL

RELATIONSHIP TO ADJACENT UNITS

The Bluebonnet member unconformably overlies the
Pepper shale in the southern half of the map area (fig.
2). The unconformity is indicated by (1) Bluebonnet
limestone filling cracks in the top of the Pepper shale
(PL. VII, fig. A), (2) a thin layer of phosphate nodules
and sharks teeth along the contact (Pl V, fig. B), and
(3) abrupt change in microfaunal aspect.

In northern McLennan and Hill counties, the Blue-
honnet member overlies sand of the Woodbine forma-
tion. An unconformable contact is suggested by (1)
sharp change in lithology, (2) thin layer of phosphate
nodules and sharks teeth along the contact, and (3)
distinctive faunal assemblages.

The Bluebonnet member appears to be gradational
with the overlying Cloice member since there is no
observable break in lithology or fauna.

GROSS LITHOLOGY

The Bluebonnet member averages 15 percent lime-
stone, 80 percent shale and 5 percent bentonite.

Limestone beds are lenticular, black to gray, fine to
medium-grained, cross-laminated, porous, fossiliferous,
and weather gray to buff. They are more abundant in
the lower half of the member ; the limestones commonly
grade upward through the Bluebonnet member from
gray, medium-grained, cross-bedded, clear crystalline
calcite-cemented, clastic limestone to dark gray, fine-
grained, cross-laminated, chalky, foraminiferal lime-
stone.

At numerous exposures limestone beds occur at sim-
ilar stratigraphic positions (fig. 12). However, except
for the basal limestone bed, the lenticularity of the other
limestone beds is easily demonstrated since they can
rarely be traced for more than 200 yards. The hasal
limestone bed is probably continuous in Bell and south-
ern McLennan counties, but is absent in central Mc-
Lennan County. A basal limestone bed of similar
lithology is present in parts of northern Mcl.ennan and
couthern Hill counties.

member at the surface in southern Bell, central Mec-
[Lennan, and central Hill counties (fig. 2). Cretaceous
rocks strike northeastward, and dip southeastward;
west of the Balcones fault zone Cretaceous rocks dip
approximately 30 feet per mile, but east of the zone
the dip increases to about 90 feet per mile. Cretaceous
rocks thicken eastward into the Tyler basin.

Periodic transgression and regression of Cretaceous
seas is indicated by several unconformities and sharp
lithologic and faunal changes in the Cretaceous section.
[,ower Cretaceous rocks overlie Paleozoic strata in
the western part of the area and truncated Jurassic (7)
strata in the eastern part (Imlay, in McKee, et al.,
1956).

DESCRIPTION

Along the outcrop limestone bheds compose approx-
imately 50 percent of the Bluebonnet member in central
Bell County, 15 percent in southwestern Mcl.ennan
County, 12 percent in central McLennan County, 17
percent in northern McLennan County, 35 percent in
southern Hill County and 15 percent in central Hill
County (Appendix IT).

Shale content in the Bluebonnet member increases
northward. In central Bell County shale comprises
approximately 45 percent of the Bluebonnet member,
in southwestern Mcl.ennan County 75 percent, in cen-
tral McLennan County 78 percent, in northern Mec-
[ennan County 80 percent, in southern Hill County 85
percent, and in central Hill County 65 percent. The
northward increase of shale occurs at the expense of
limestone and bentonite.

Tateral chanees in the amount of shale within the
member also coincide with color changes in the shales.
In Bell and southern MclLennan counties, the shale heds
of the Bluebonnet display vertical changes upward from
gray to black to light gray; each color includes ap-
proximately one-third of the member. Lateral color
changes occur which are similar to the vertical color
variations : shale beds in southern Bell and MclLennan
counties are gray, whereas those in central Mcl.ennan
County are hlack, grading into light gray shale beds in
southern Hill County.

Bentonite beds of the Bluebonnet member are from
14 of an inch to 10 inches thick, and are most commonly
composed of calcium montmorillonite.  The thickest
bentonite beds occur in the upper part of the member
in southwestern and central McLennan County. In
the map area bentonite beds increase in number and
thickness northward to central McI.ennan County and
then correspondingly decrease northward into Hill
County. In Bell County bentonite comprises approxi-
mately 1 percent of the Bluebonnet member, in south-
western MclLennan County 10 nercent, in northern
McLennan County 3 percent, and in Hill County less
than 3 percent.
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ZONATION

Correlation of individual limestone and shale beds
is not possible by either field or laboratory means. Sim-
ilar lithologic sequences, however, occur throughout the
area. The Bluebonnet member can tentatively be di-
vided into 3 zones (fig. 12).

Zonation is based on lithology and microfaunal
abundance. The lithology, mineralogic composition,
and microfaunal population of 9 exposures of the Blue-
bonnet member are illustrated in figure 12. Fach zone
is bounded by limestone beds which are similar in thick-
ness and almost identical in texture and mineralogy.

Shale beds in each zone are similar, including color
and degree of lamination, Furthermore, shale beds in
each zone have similar m.crofaunal abundance (fig. 12).

Zonation is not necessary to explain the environment
of deposition, hut it facilitates the study of vertical and
lateral facies variations of the member.

A zone is not necessarily time-equivalent throughout
the region, but at any locality the 3 superimposed zones
represent deposition in succeeding environments. Sed-
imentation was most rapid near-shore in that part of
the Bluebonnet basin in Bell, Coryell, and Hill counties.
At any given time the shoreward perimeter of the Blue-
bonnet basin was being filled by prograding land-de-
rived sediments, while lagoonal sedimentation was still
in progress in the center of the basin. Therefore, the
zones may be more nearly time-equivalent in an east-
west direction than in a north-south direction.

SEDIMENTARY PETROLOGY

Mineralogic variations within the Bluebonnet member
were determined by petrographic and X-ray diffraction
methods.

LIMESTONE PETROLOGY

Polished and etched slabs, acetate peels and petro-
graphic thin sections of limestones were studied to de-
termine internal sedimentary features after the field
relationships of the limestone beds had been determined.
Types and amounts of clay minerals in each limestone
bed were determined by X-ray diffraction. Petro-
graphic terminology and concepts proposed by Folk
(1939) and Bathurst (1958) are combined in a manner
similar to that proposed by Stauffer (1962) in de-
scribing and interpreting carbonate thin sections.

[Limestones at 2 exposures, in southwestern Mc-
Lennan County (154-B-41) and in central Mclennan
County (154-B-43), are described to illustrate typical
vertical variations. [Limestone beds at other exposures
are described in Appendix II, figures 3-11 and Plates
I-1X.

VERTICAL VARIATIONS

Locality 154-B-41.—The lowermost Bluebonnet lime-
stone bed in southwestern McLennan County (154-B-
41, PIL III, fig. B) is a 4-inch /noceramus hiosparite.
>atches of micrite occur throughout the bed. However,
larger grains in the micrite areas are in optical conti-
nuity. This suggests that the rock has undergone grain
growth in diagenesis.  Planktonic foraminifers are
present hut not abundant in this limestone. Some for-
aminiferal tests are filled with radiating calcite crystals,
whereas tests of others are recrystallized in optical
continuity with large sparry grains. Grain size and
presence of abundant /noceramus fragments indicate
sustained, relatively high wave or current energy?® in
the depositional area.

The next overlying limestone bed (PIL III, fig. C)
is separated from the lower limestone by a l-inch cal-
cium montmorillonitic bentonite. This limestone bed
is classified as a Foraminifera bhiosparite. The 6-inch

3Refers to mechanical energy, such as winnowing current,
and/or wave action.

bed is an alternating micrite-sparite sejuence with
sparite predominant in the lower half and micrite in
the upper portion. This may indicate a change from
relatively high energy deposition to low energy, since
this is the last occurrence of a large amount of sparry
calcite in this exposure. The upper 1 inch of the bed
is cross-bedded micrite and sparite with foraminifers
concentrated in the sparry cross-beds. Several burrows
filled with crystalline calcite occur in this hed (Pl IX|
fig. ).

The third limestone bed from the base (Pl. III, fig.
D) is the lowermost micrite. In the center of this 3-
inch bed are several laminae composed of /noceramits
fragments cemented by sparry calcite. Thus, the bed
grades upward from micrite to alternating laminae of
sparite and micrite and back to micrite. An uneven, al-
most ripple-marked, micrite-sparite houndary occurs
near the center of an acetate peel illustrated in P1.
11, ig. D. This bed contains the first occurrence of
broken Inoceramus shells which do not show abrasion.
This suggests lower mechanical energy than in either
of the underlying limestone beds.

The upper limestone beds at locality 154-B-41 are
classified as Foraminifera biomicrites. Bed 14 is the
only hed which contains substantial amounts of lam-
inated sparry calcite. Several laminae near the top of
this bed are composed of Inoceranuts prisms* cemented
by sparry calcite. Fach bed contains abundant discrete
grains of hematite and magnetite. Many planktonic
foraminiferal tests contain hematite grains.

Locality 154-B-43 —Bluebonnet limestones in central
Mclennan County are normally biomicrites. The low-
ermost limestone bed (154-B-43, Pl. V, fig. B) is an
argillaceous fragmental limestone containing phosphate
nodules and pyritized plant fragments. The overlying
limestone (idem, fig. C) is a Foraminifera biomicrite
which has undergone soft-sediment deformation (e.g.,
P1. IX, fig. F). Such structures as load-casting, con-
torted bedding, and flow structures are common. The

4Inoceramus prisms are disaggregated, wedge-shaped or
needle-like, calcite crystals (pseudomorph after aragonite)
which originally composed the inner layer of noceramus shells.
Original aragonite crystals were oriented at right angles to the
shell surface. The crystallographic C-axis is parallel to the
long dimension of the crystals.
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planktonic foraminifer Hedbergella is abundant in this
bed ; a few Giimbelina are present.

The remaining limestone beds (Pl V, figs. D, K)
contain no benthonic fauna. The ripple-marked texture
and the presence of anhydrite are unique in limestone
heds at this exposure.

Other localities—Numerous limestone beds are lam-
inated. Three possible origins of laminae are
(1) periodic variations in mechanical energy (Pl II,
fig. A), (2) chemical variations in the depositional area
which resulted in alternating orthochemical constituents
(P1. VIII, fig. B), and (3) influx of different kinds of
clastic material (Pl III, fig. C).

Another prominent feature of many limestone beds
is a layer of fossil detritus embedded in a micrite matrix
(P1. IV, fig. D; Pl VIII, fig. B). In most beds that
exhibit this characteristic, the detrital fossil layer is
approximately ¥4 to 34 of an inch thick and bordering
micro-crystalline calcite ranges from 2 to 4 inches
thick. Ifossil fragments appear to have been dumped
into a lime mud area during a short period of increased
agitation., In this case a micrite matrix does not neces-
sarily indicate a low energy environment because [no-
ceramus fragments display abrasion (Pl VI, fig. C).

[LATERAL VARIATIONS

[t was concluded (p. 10) that limestone beds
of the Bluebonnet member are not laterally continuous
even though similar beds and similar sequences occur
at several localities. However, it was noted (p. &)
that the basal limestone bed of the member is continuous
over certain parts of the mapped area.

Southeast of Belton, Bell County (14-B-1), the basal
limestone bed (PL I, fig. A) is a 7-inch thick Foram-
inifera biosparite which has undergone grain growth
during diagenesis. It exhibits, therefore, the coarsest
texture of any limestone of the Bluebonnet member.
Recrystallization and grain growth occurred in 2 stages
—parallel to bedding and approximately 30° to bedding.
Recrystallization is evidenced by (1) patches of orig-
inal micro-crystalline calcite, (2) optical continuity of
larger grains, (3) gradational contact between coarse
and fine grains, and (4) relic foraminifers composed
of sparry calcite, which is in optical continuity with
some of the surrounding grains. The relative sequence
of recrystallization can be determined, since the second
phase of grain growth (30° to bedding) truncates the
phase parallel to bedding.

West of Temple, Bell County, approximately 4 miles
north of the exposure described above, the basal lime-
stone (14-B-2, PL. I, fig. D) is composed predominantly
of Inoceramus prisms cemented by sparry calcite. These
prisms are widely dispersed, but where in contact,
pressure solution has occurred. This may be a source
of sparry cement and also suggests cementation after
deep burial. The paucity of planktonic foraminifers in
this limestone bed suggests that either depositional en-
ergy removed the tests, or that they simply were not
abundant.

In northern Bell County (14-B-3, PL. IX, fig. A) the
hasal limestone bed is a 4-inch thick biopelmicrite.

In southwestern Mclennan County (154-B-46) the
hasal limestone bed (Pl IX, fig. B) is 14 inches thick,
the thickest bed of limestone observed in this study.

This bed resembles the basal beds at twd of the pre-
ceding localities (14-B-1, 2). Allochems (/noceramats
prisms) are more closely spaced, which may explain
why pressure solution is common. Carbon content of
the limestone bed is lower than at the preceding local-
ities. Planktonic foraminifers are not abundant.

Approximately 2 miles east of the preceding locality
(154-B-46), the basal limestone bed (154-B-41, P1. ITI,
fig. B) is 4 inches thick. This bed has previously been
described (p. 10). A few foraminifers occur in the
upper part of the bed. Hematite and magnetite occur
as discrete grains; this is the southernmost occurrence
of heavy minerals in the basal limestone bed.

About 4 miles south of McGregor, Mcl.en-
nan County, and 4 miles northwest of the previous
locality, the basal limestone bed (154-B-40, Pl 11, fig.
A) is a gradational micrite-sparite sequence. At this
exposure the basal limestone bed is 4 inches thick. The
bed is classified as a Foraminifera biomicrite-hiosparite.
Cross-laminae are well developed ; the laminae are com-
posed of Inoceramus fragments and foraminifers alter-
nating with micro-crystalline calcite. The alternation
of coarse and fine particles may represent an area be-
tween high and low energy.

Approximately 8 miles east-northeast of McGregor,
McLennan County (154-B-42), the hasal limestone is
classified as a Foraminifera biomicrite. Very few al-
lochems, with the exception of foraminifers, are em-
bedded in the predominantly micro-crystalline calcite.
oadcasting, contorted bedding, and other soft-sedi-
ment deformation structures are common (PL IV, fig.
B, and Pl IX, fig. I¥). The bed was probably de-
posited in a sustained low energy environment as sug-
gested by the fine-grained texture and distinctive sedi-
mentary structures.

About 5 miles west-southwest of Waco the
basal limestone bed (154-B-43, PL. V, fig. C) is 6 inches
thick and classified as a Foraminifera hiomicrite. The
abundance of foraminifers and heavy minerals com-
pares closely with those of the preceding locality. The
hrackish-water foraminifer, Giimbelina, is abundant. Re-
crystallization of micro-crystalline calcite to microspar
is common near the top of the bed.

Because of Balcones faulting the Bluebonnet mem-
her and most of the Kagle Ford group are absent at
the surface for about 5 miles northeast of Waco, Mc-
Lennan County. In northern MclLennan County the
basal bed (154-B-44, Pl. VI, fig. A) is a 6-inch thick
[noceramus biosparite. The predominant allochems
are Inoceramus prisms and a few foraminifers. Hema-
tite and quartz are more common than at the preceding
locality. Higher energy (in comparison with the two
previously described localities) is indicated by coarse
grains, cross-bedding and ripple-marked upper surfaces.
Patches of micrite matrix may have resulted from re-
crystallization during diagenesis, but in this case it is
probably due to incomplete winnowing of finer particles
by high energy currents.

Approximately 17 miles north of Waco the bhasal
Ded is similar to that near Waco (154-B-43). The basal
bed (154-B-45, Pl. VII, fig. B) is a structureless bio-
micrite. A few allochems such as /noceramus frag-
ments and foraminiferal tests are embedded in micro-
crystalline calcite. Fibrous calcite radiating from smali
grains of hematite is common near the top of the bed.
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16 BAYLOR GEOLOGICAL STUDIES

The hematite, which may have been glauconite con-
centrated in foraminiferal tests, may have seeded grain
growth. Thus, the bed appears to be recrystallizing to
microspar.

In south-central Hill County (109-B-15) the basal
limestone bed (PL VII, fig. D) is a 7-inch Foraminifera
hiomicrite. Bedding planes are common but the lime-
stone is predominantly homogeneous biomicrite. Se-
lective recrystallization of Inoceramus fragments has
occurred, but normally the bed appears to possess its
original depositional fabric.

Approximately 24 miles north of Waco the basal
limestone hed (109-B-16, Pl. VIII, fig. A) is a 4-inch
Inoceramus biosparite. The bed contains a high con-
centration of moderately rounded detrital quartz which
decreases upward from the base, Hematite and magne-
tite are common throughout the bed. The dominant
allochems are closely packed Inoceramus prisms. Cross-
bedding occurs near the top of the bed. Coarse grains
and cross-bedding indicate high, sustained depositional
energy.

In central Hill County (109-B-17) the basal lime-
stone bed (Pl VIII, fig. D) is an Inoceramis biospar-
ite. The dominant allochems are [moceramus prisms,
whereas the dominant terrigenous constituent is quartz.
The quartz is poorly rounded and fine-grained, and is
texturally similar to Woodbine sand. The quartz con-
tains overgrowths which appear to have been etched.
This “etching” is probably due to incomplete overgrowth
resulting from a relatively low pH environment during
most of Bluebonnet time.

The northernmost exposure of the basal limestone
bed is approximately 5 miles west of Hillsboro, Hill
County. Here, the basal limestone bed (109-B-18, Pl
[X, fig. G) is an 8-inch thick biomicrite. Allochems
are very large, including whole specimens of Inocera-
mauts, ammonites and fish vertebrae. Most Inoceramits
shells were probably macerated by shell-crushing ani-
mals rather than mechanical energy, since the Inocera-
mus fragments contained in a micrite matrix show no
abrasion.

[Lateral changes in the overlying limestones are more
subtle than those of the basal bed. The upper lime-
stones (zone 3) are absent in central Bell County (14-
B-1, 2) and are best developed in MclLennan County.
The number of upper limestone beds decreases north-
ward from Waco into Hill County. This variation is
ascociated with a decrease in the amount of allochems
and an increase in quartz and hematite content.

SHALE PETROLOGY

Shale Leds were studied in terms of field relation-
ships, mineralogic facies, and microfaunal population.
Changes in color, shale-limestone ratios, and degree of
lamination were observed in the field. In Bell and Mec-
[Lennan counties the color of shale beds changes upward
from gray to black to light gray. Gray shale beds oc-
cur in zone 1 (fig. 12); black shale beds occur in zone
2; and a gradational color change from black to gray
to light gray takes place in zone 3 of the Bluebonnet
member. Light gray shales characterize the overlying
Cloice member.

Northward along strike the shale beds grade from
gray shales of southern Bell County to gray to black
shales of northern Bell and Mcl.ennan counties, and
finally to the light gray shales in Hill County. The

black shales of northern Bell and Mcl.ennan counties
contain abundant disseminated carbon, whereas the
light gray shales, which weather tan in Hill County,
have a ferrous iron pigment.

The northward increase in shale content in the Blue-
honnet member is primarily caused by northward re-
placement of limestone Leds by shale in the upper 2
zones of the member.

Most of the Bluehonnet shale is well laminated. In-
dividual laminae decrease in thickness upward from
zone 1 to zone 2, and become thicker and less distinct
in zone 3. North along the outcrop from Bell to cen-
tral Mcl.ennan County, laminae hecome thinner and
more distinct. From central Mclenian County north-
ward, laminae increase in thickness and become less
distinct.

The mineralogy of the shales was determined by X-
ray diffraction and chemical analyses. Variations in
clay, quartz, calcite, and carbon content were particu-
larly useful in interpreting the depositional environment.
Tabulated mineral data and procedures related to min-
eral analyses are described in Appendix III and V,
respectively.

Calcium montmorillonite and kaolinite are the dom-
inant clays of the Bluebonnet member; minor amounts
o’ sodium montmorillonite and illite are present. Other
constituents are gypsum, quartz, calcite, and carbon.

VERTICAL MINERALOGIC VARIATIONS

Calciwm montmorllonite—The Pepper shale at all
localit’es, except southeast of Belton (14-B-1; fig. 3),
contains a substantial amount of calcium montmorillon-
ite, a greater percentage than normally occurs in the
Bluebonnet member. At most localities calcium mont-
morillonite in the Bluehonnet member (fig. 12) increases
upward, which may indicate a gradual change to normal
marine conditions, or more likely, an increase in abund-
ance of thin calcium montmorillonitic bentonite beds,
which raises the average percent in the upper shales.
Thicker Lentonite beds in zone 1 were sampled indi-
vidually. The calcium-sodium ratio of the calcium
montmorillonite in the Bluebonnet member is approxi-
mately 4:1.

Sodivm  montmorillonite—Sodium montmorillonite
is a minor constituent in the Pepper shale, as well as in
the Bluehonnet member. Sodium montmorillonite is
present in the Bluebonnet member at only 6 of the
Jozalities studied. The calcium-sodium ratio of the
dominant sodium montmorillonite in the DBluebonnet
member is about 1:4. The presence of sodium mont-
morillonite may indicate near-shore depotition or a
sourre area, which provided abundant calcium mont-
morillonite.

Illite—The Pepper-Woodbine formation contains
illite in southern Hill County (109-B-15-17; figs. 9-11).
In this area the Bluebonnet member contains some il-
lite in zone 1 (fig. 12), which may indicate that the
Pepper-Woodbine formation was the clay source for
the Bluehonnet member. If so, the small amount of
quartz in the Bluebonnet member is interestine, since
the Pepper and Woodbine formations each contain over
40 percent auartz. [llite occurs in the Bluebonnet mem-
her only where it occurs in the underlying Pepper-
Woodbine formation.

Kaolinite—At most localities similar amounts of
Jaolinite occur in the Pepper formation and in the
Bluehonnet member. At 7 of 9 exposures illustrated
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in figure 12, kaolinite increases upward in the Bluebon-
net member, possibly reflecting a decrease in pH during
deposition. [Flocculation rates may determine the site
of kaolinite, illite, and montmorillonite deposition. How-
ever, flocculation is not considered a mechanism for
clay mineral segregation in the Bluebonnet basin be-
cause, as will be developed later, (1) circulation was
apparently poor, limiting means of transporting clastic
clays, (2) Bluebonnet basin was small, reducing the
effect of differential flocculation rates, and (3) the
source of clastics must have been immediately west of
the basin in Bosque, Coryell, and western Bell counties,
yet no east-west lateral gradation of illite-kaolinite-
montmorillonite was observed in the Bluebonnet mem-
ber.

Gypsum.—In general gypsum content increases
slightly upward in the Bluebonnet member. Gypsum is
a weathering product. Crystals cutting shale laminae
and a rather heterogeneous vertical variation indicate
secondary occurrence.

Quartz—Quartz is a major constituent in the Pep-
per-Woodbine formation, but it occurs in minor amounts
in the basal part of the Bluebonnet member (fig. 12).
Quartz normally increases upward in the Bluebonnet
member except in central Hill County (109-B-17; fig.
11) where the quartz content is vertically uniform.
This general upward increase may be due to more rapid
erosion of Woodbine sand or a prograding shoreline
during upper Bluebonnet time.

Calcite—Calcite is absent in the Pepper shale, except
at 2 localities near Belton, Bell County (14-B-1, 2; fig.
3). Calcite is the dominant carbonate in the Bluebon-
net member (fig. 12); it gradually decreases upward,
possibly reflecting decreasing pH during deposition
which is also suggested by a corresponding increase in
kaolinite content.

Carbon.—Carbon content increases upward in the
Bluebonnet member (fig. 12) at most localities in Bell
and MclLennan counties ; in Hill County carbon content
decreases upward. Increasing carbon content may in-
dicate decreasing Eh during deposition; this relation-
ship suggests that the abundant hematite in the upper
part of the Bluebonnet member is secondary after
pyrite, since primary hematite normally would not be
concentrated in a negative or reducing environment.

LATERAL MINERALOGIC VARIATIONS

Calcium montmorillonite—Calcium montmorillonite
constitutes from O to 30 percent of the Pepper shale
northward along the outcrop.

Laterally in zone 1 of the Bluebonnet member (fig.
12) the calcium montmorillonite content varies directly
with the limestone content. No significant change oc-
curs in zones 2, 3.

Sodivam montmorillonite—At only 2 localities, south-
west of Waco, McLennan County (154-B-42; fig. 6)
and in southern Hill County (109-B-15; fig. 9), sodium
montmorillonite is present in the Pepper shale.

Sodium montmorillonite is a minor constituent in the
Bluebonnet member (fig. 12). Sodium montmorillonite
has heen recognized at 5 localities in McLennan County
(154-B-40-44; figs. 4-8) and 1 locality in Hill County
(109-B-17; fig. 11). At 3 of these localities in Mc-
Lennan County (154-B-40-42), sodium montmorillonite
occurs at successively higher stratigraphic positions
northward in zone 2. West-southwest of Waco (154-
B-43; fig. 7), sodium montmorillonite occurs in zone

3. If this occurrence in zone 3 is time-equivalent with
sodium montmorillonite of southwestern Mcl.ennan
County in zone 2, it can be assumed that the zone 3
facies is progressively younger southwestward.

In central Hill County (109-B-17; fig. 11) sodium
montmorillonite occurs in zone 1.

Kaolinite—Kaolinite varies from O to 20 percent in
the Pepper shale. Kaolinite increases northward along
the outcrop to Waco, Meclennan County, decreases
slightly in south-central Hill County (109-B-16; fig. 10)
and then increases substantially in central Hill County.

Kaolinite is the second most abundant clay in the
Bluebonnet member (fig. 12). Kaolinite content varies
inversely with the calcium montmorillonite content along
the outcrop, which may reflect a pH control during
deposition. This is further suggested by lateral varia-
tions in calcite in the Bluebonnet member,

Gypsum.—No uniform lateral variation in gypsum
content was noted in the Pepper formation. Likewise,
no significant distribution pattern in gypsum content
occurs in the Bluebonnet member (fig. 12). Petro-
graphic relationships suggest a secondary origin.

Quartz—Quartz normally increases northward in
the Pepper formation. An abrupt increase occurs in
northern Mclennan and southern Hill counties where
sand of the Woodbine formation grades southward into
shale of the Pepper formation.

Quartz composes from 5 to 15 percent of the Blue-
bonnet member (fig. 12). The most abrupt increase in
quartz occurs in Hill County, where Pepper shale grades
into Woodbine sand. This northward increase in
auartz in the Bluebonnet member is relatively uniform
throughout the section, indicating that Woodbine sand
was exposed in the source area of the Bluebonnet sedi-
ments.

Calcite—The Pepper shale contains some calcite at
the two southernmost localities in Bell County (14-B-1,
2; fig. 3). In northern Bell and southern Mcl.ennan
counties the Pepper shale is non-calcareous; however,
it again becomes calcareous in northern Mcl.ennan and
southern Hill counties as it grades into the Woodbine
sand, which has calcite cement,

The amount of calcite in the shale beds of the Blue-
bonnet member commonly decreases northward in all
3 zones. In Bell County the Bluebonnet shales average
60 percent calcite, in MclLennan County 55 percent, and
in Hill County 50 percent. This northward decrease
in calcite is indicative of a northward decrease in pH
during deposition. This is further substantiated by a
general northward decrease in calcium montmorillonite
and an increase in kaolinite.

Carbon.—Carbon in zone 1 of the Bluebonnet mem-
ber normally increases northward across the area from
1 to 20 percent (fig. 12).

In zone 2 carbon increases from 2 percent in Bell
County to 10 percent in central McLennan County and
decreases to 0 in southern Hill County (fig. 12). This
same pattern is repeated in zone 3. The abnormally
high carbon content in central Hill County (109-B-17;
fig. 11) is due to the presence of coal beds in the sec-
tion (Appendix IT).

SUM MARY

Vertical lithologic and mineralogic variations in the
Bluebonnet shale beds include (1) vertical variations
in iron content as denoted by a vertical color change
from gray to black to light gray in zones 1, 2, and 3
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22 BAYLOR GEOLOGICAL STUDIES

respectively; (2) vertical decrease in long-term depo-
sitional energy as indicated by the upward decrease in
the amount, size, and abrasion of allochems in the lime-
stones; (3) vertical variation in laminae in the shale
heds; (4) the similar distribution of illite in the Pepper-
Woodbine formation and the Bluebonnet member sug-
gesting a Pepper-Woodbine source for much of the
Bluebonnet member; (5) upward increase in quartz in
the Bluehonnet member indicating a prograding shore-
line: and (6) gradual upward decrease in calcite and
calcium montmorillonite and an upward increase in
kaolinite suggesting a gradual decrease in Eh and pH
during Bluehonnet deposition.

|.ateral variations in lithology and mineralogy include
(1) a northward decrease in the prominence of laminae
in the shale beds suggesting a general northward in-
crease in long-term depositional energy; (2) a north-
wari increase in land-derived coarse clastics suggesting
a dominant source to the north, probably of Woodbine
origin; (3) a significant variation in carbon content in
all 3 zones, suggesting changing sedimentary patterns;
and (4) a northward decrease in calcite and calcium
montmorillonite content and a northward increase in
kaolinite suggesting a slight northward decrease in pH
and EEh during deposition.

PALEONTOLOGY

The flora and fauna aid in interpreting the deposi-
tional environment of the Bluebonnet member. In ad-
dition, the distribution and abundance of the planktonic
microfauna may indicate current directions.

MEGAFOSSILS

The stratigraphic distribution of megafossils in the
Bluebonnet member has been studied by Adkins (1928),
Moreman (1942), Adkins and ILozo (1951), and
Stephenson (1955). Six genera and 13 species have
been reported from the Bluebonnet member.

Ammonites, which have received greatest attention
liecause of their importance in correlation, have been
equated with Cenomanian ammonites of Europe.
Acanthoceras longsdalei, A. bellense, A. pepperense, A.
stephensoni, A. turneri, Eucalycoceras leonense, Man-
telliceras sellardi, M etacalycoceras tarrantense, Tur-
rilites costatus, and Desmmoceras have heen reported
from the Bluebonnet member. Ammonites are most
abundant in the lower part of the Bluebonnet member,
although the uppermost limestone bed contains Desnio-
ceras. Ammonite abundance is also related to the lime-
stone-type ; they are most common in cross-hedded, rip-
ple-marked, fine to medium-grained limestone beds such
as units 4 and 2 at localities 154-B-40, 45 respectively
(figs. 4, 9). Units 16 and 18 (154-B-40, 41 respec-
tively; figs. 4, 5) contain abundant Desmoceras.

Pelecypods are represented by [noceramus labiatus
and [, arvanus. They occur in most limestone beds of
the Bluebonnet member. TFragments and prisms (Pl
VI, fig. B) are abundant in the lower limestone beds.
whereas whole specimens occur in the upper beds (Pl
11, fig. IF).

Where whole specimens occur in lower limestone
beds, they form a coquinoid layer commonly 5 to 34 of
an inch thick at the top of the limestone bed. This may
indicate (1) the gradual areal restriction of favorahle
ecologic conditions resulting in local over-population,
(2) gregarious nature of /noceramus, or (3) transport
of shells to the present location after death. The first
2 interpretations probably apply since specimens do not
show abrasion due to transportation.

Gastropods occur in the Bluebonnet member but
preservation is poor and identification is difficult. The
gastropods occur mainly in the upper limestone beds in
Hill County.

Vertebrates are represented by numerous genera.
Such reptiles as plesiosaurs and mosasaurs have been
reported in the Bluebonnet member. Several whole

specimens of the fish Septoria were found in northern
Hill County (109-B-18). [Iish teeth and scales are
abundant throughout the member. Teeth are con-
centrated along the basal contact. Preservation of ver-
tebrates is probably due to absence of benthonic scav-
engers during shale deposition as indicated hy the ab-
sence of benthonic fossils and the thinly laminated na-
ture of the black shales.

MICROFOSSILS

A detailed study of Foraminifera was undertaken with
the following objectives: (1) correlation of the upper
shale beds, (2) delineation of the relative energies and
directions of local currents, and (3) determination of
sedimentary environment through ecological relation-
ships.

~.» The abundance of microfauna in a cubic centimeter

of washed shale residue is illustrated in figures 4-11.
Techniques followed in the microfaunal study are de-
scribed in Appendix V; results of the analyses are re-
corded in Appendix IV. Microfossil studies were lim-
ited to shale beds, since it was not practical to extract
microfossils from limestone; however, microfossils in
the limestones were observed in thin sections (Pl I, fig.
ARSI g Bi)s

Three genera and 4 species of planktonic foraminifers
were identified—Hedbergella amabilis T.oeblich and
Tappan (Globigerina cretacea d'Orbigny), Hedberge'la
brittonensis  Loeblich and Tappan, Clavihedbergella
simblexr Morrow and Giimbelina (Loeblich and Tappan,
1961).

In general, the planktonic microfaunal abundance in-
creases upward in the Bluebonnet member (fig. 12).
Lateral variations are not as uniform as vertical changes.
The foraminifers are most abundant in all 3 zones in
central McLennan (154-B-41, 43) and in north-central
Hill (109-B-17) counties.

Shale beds of the Bluebonnet member contain no
henthonic microfauna, It is possible that the absence
of a henthonic fauna during Bluehonnet shale deposition
indicates unfavorable bottom conditions for henthonic
life. This may have resulted from toxic bottom muds,
absence of food source, unfavorable hydrogen sulfide
to oxygen ratio in water, or rapidly varying brackish
to marine conditions. The various geochemical indi-
-ators previously discussed suggest that the main de-
termining factor which prevented henthonic life was
toxic bottom waters and muds caused by restricted cir-
culation.




CRETACEOUS BLUEBONNET LAGOON 23

The vertical variation in abundance of both species of
Hedbergella is similar ( Appendix V), which suggests
that their ecology was similar. Giimbelina increases
upward in abundance more rapidly than Hedbergella
(idem ), which indicates that the ecology of Giimbelina
differed from that of Hedbergella. )

PLANTS

The Bluebonnet member contains abundant plant
material as indicated by the high amount of carbon in
both limestone and shale beds. The amount of carbon
in the limestone beds in zone 3 is 3 to 5 times greater
than the amount of carbon in the limestones in zones 1

and 2. The amount of carbon in the Bluebonnet shale

beds in zone 3 is about twice that in shales of zones 1
and 2.

GEOLOGIC

The Dbest preserved plants are cycad fragments.
IFragments vary from 1 to 10 inches wide and 3 to 21
inches long, and are most commonly preserved by car-
bonization. The smaller and by far most common frag-
ments of fossil cycad wood were observed in the upper
limestone bed at all exposures in Mclennan and Hill
counties. i

Well preserved spores are common throughout the
member, but are most abundant in zone 3. The abun-
dant and highly variable spore-pollen content and other
floral constituents in the Fagle Ford group have been
recently described by Brown and Pierce (1962). Many
charophytes were observed in the shale beds of zone 3;
they are most common in McLennan (154-B-42, 43)
and Hill counties (109-B-16, 17). :

HISTORY

BATHYMETRY AND DISTRIBUTION
OF CLASTICS

The isopach map (fig. 2) shows the areal extent and
topography of the floor of the Bluebonnet basin. Pre-
served depositional limits are indicated by the zero iso-
pach line. The exact southern limit of deposition was
not determined, either because the member was faulted
out by Balcones faulting or Leon River terraces con-

ceal the outcropping Bluebonnet member. Poor ex-
posures of the thin member prevented mapping the
exact northern limit, but it disappears on the outcrop
approximately 9 miles northwest of Hillshoro, Hill
County.

.
DEPOSITIONAL ENVIRONMENT

The Bluebonnet member is interpreted to be a
lagoonal deposit. Lucke (1939) discussed the evolution
of lagoons. Various stages in the development of the
Bluebonnet lagoon are illustrated by the 4 paleogeo-
graphic maps (fig. 13, A-D) which represent postulated
stages in the evolution of the Bluebonnet lagoon. The
landward part of the paleogeographic maps is hypo-
thetical, based on the presence of marginal lagoonal
sediments in zone 3 in MclLennan and Hill counties.

The vouthful stage (fig. 13-A) of the lagoon is il-
lustrated by the postulated paleogeography of zone 1 of
the Bluebonnet member in Bell, southwestern Mcl.en-
nan, and central Hill counties; evidence for this stage
is better than for later stages of basin history. The
baymouth har and inlet are suggested by the isopach
map (fig. 2). Since the postulated baymouth bar is not
exposed at the surface, only limestone beds in the cus-
pate and midbay bars have been studied. Abundance
and distribution of planktonic microfossils suggest 2
additional inlets—in south-central Hill County near 109-
B-17 and in southwestern MclLennan County near 154-
B-41. Shales at each of these localities contain abnor-
mal concentrations of planktonic microfossils relative
to adjacent localities, which suggests the presence of an
inlet into the lagoon. Evidences for the cuspate bar at
the north shore of the lagoon are features exhibited by
limestone heds in north-central MclLennan County
(154-B-44; fig. 8). At this locality large festoon
cross-beds and ripple-marks are prominent in the basal
limestone hed. The limestone is an [noceramats bio-

sparite composed of approximately 80 percent allochems.
Interpretation of the area immediately east of the cus-
pate bar within the lagoon is based on exposures in
northern Mclennan and southern Hill counties (154-
B-45 and 109-B-15). In this area the basal limestone
bed is a Foraminifera biomicrite ; shales in zone 1 con-
tain a large amount of clay and display poorly developed
laminae, which suggest that deposition in this part of
the lagoon was probably more rapid than in adjacent
areas to the south. Some of the bentonites indicate
transportation by water because of the absence of glass
shards.

Conditions which existed hetween the cuspate bar
and mid-bay bar are indicated by exposures near Waco
(154-B-42, 43). The basal limestone in this area is a
Foraminifera biomicrite, suggesting the absence of
higher energy characteristic of cuspate and/or mid-bay
bars. Sediments in zone 1 of this area are dominantly
gray to black, thinly laminated, calcareous, fossiliferous
(planktonic microfossils) shales. The relatively small
amount of preserved plant material suggests that this
area was not near a plant source. I‘urthermore, the
amount of calcium montmorillonite is greater than in
adjacent areas, suggesting more normal marine condi-
tions. Foraminiferal content is high in this area, which
further substantiates the occurrence of the ancient inlet
as indicated by the isopach map (fig. 2).

The mid-bay bar is interpreted from exposures in
southwestern McLennan and Bell counties (154-B-40,
41, 46 14-B-1, 2) where basal limestone heds are cross-
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28 BAYVILOR GEOLOGICAL STUDIES

bedded and ripple-marked. Fach limestone is an /no-
ceramaus bhiosparite, The basal limestone bed in south-
western MclLennan County (154-B-40, PL II, fig. A)
is also cross-laminated, which may indicate that the
locality is on the western side of the mid-bay bar as
indicated in figure 13-A,

The cuspate and mid-bay bars were not laterally per-
sistent and were frequently above base level of wave
and current agitation, as suggested by the ripple-marked
and cross-bedded limestones in southwestern and north-
ern Mclennan County. Climatic changes, as well as
the width and number of inlets, would have greatly
affected the turbulence of water in the lagoon. The
two bars were, therefore, continuously built and de-
stroyed as shown by the varying thickness of the basal
limestone hed.

Reworking of sediments in the Bluebonnet member
by benthonic organisms was limited to the bar-deposited
limestone beds. Boring organisms thoroughly reworked
portions of the basal limestone (PL IX, fig. E). The
presence of undisturbed thin laminae and absence of
filled Borings in limestone heds deposited in postulated
marsh environments may indicate toxic conditions
(and/or lower pH) in the mud areas. In addition
boring organisms perhaps could not migrate from the
bars to the isolated areas of limestone deposition in the
marshes.

The shale and limestone heds in zone 2 reflect depo-
sition during the late youthful stage (fig. 13-B) of the
Bluebonnet lagoon. The absence of a cuspate bar along
the northern coast is suggested by the texture and com-
position of the limestone beds in zone 2. Zone 2 lime-
stone beds in northern Mclennan and southern Hill
counties are Foraminifera biomicrites. Dominant al-
lochems are planktonic foraminifers with a few poorly
rounded, poorly sorted Inoceramus fragments. The al-
lochems and matrix suggest a long-term, low energy
environment.

The recession of the mid-bay bar (which was a prom-
inent feature during youth) is evidenced by shale and
limestone heds in zone 2 in southwestern Mcl.ennan
County (154-B-40, 41). Limestone beds in zone 2 in
this area are Foraminifera biomicrites, which are sim-
ilar to limestone beds of zone 2 in southern Hill County.
Shale beds of zone 2 in southwestern Mclennan Coun-
ty contain more kaolinite and less calcium montmoril-
lonite and calcite than shale heds of zone 1 in the same
area. This suggests that the pH in this area during
deposition of zone 2 was slightly lower than for zone 1.

The cuspate har at the southern coast of the Blue-
Lonnet lagoon during late youth was the remnant of
‘the earlier mid-bay bar. This cuspate bar is indicated
by limestone beds of zone 2 in central Bell County (14-
B-1, 2). These limestone beds are Inoceramis hio-
sparites and biomicrosparites. Allochems, which con-
stitute more than 80 percent of the limestone, are mod-
erately rounded and well sorted. Cross-beds and ripple-
marked surfaces are common in these limestones.

Sedimentation was slower in zone 2 than in zone 1
as indicated by thinner laminae in hoth shales and lime-

stones in zone 2; by limestone beds of micrite in zone
2 and sparite in zone 1; and by a greater abundance
of carbon in zone 2, except in the area of the cuspate
bar. This evidence suggests that marsh deposition was
more common during deposition of zone 2 than during
zone 1.

The early mature stage (fig. 13-C) of the Bluebonnet
lagoon was characterized by absence of mid-bay and cus-
pate bars, and accumulation of marsh sediments in
zone 3. The absence of mid-bay and cuspate bars is
suggested by the dominance of shale in zone 3, as well
as by Foraminifera biomicrites and micrites. Lime-
stone beds of this zone contain a smaller amount of allo-
chems and crystalline calcite compared to limestone beds
in zone 1; in addition, zone 3 limestones do not contain
cross-bedding, ripple marks or other high energy in-
dicators suggesting bar deposition.

Decreased circulation in the Bluebonnet lagoon, due
to gradual restriction of the main inlet, is suggested
by texture and mineralogy of limestone and shale heds
in zone 3. Limestone beds in this zone are very fine-
grained, structureless Foraminifera biomicrites. Lime-
stone beds contain a high carbon content, suggesting
heavy plant growth in surrounding marshes and sub-
sequent accumulation in the lagoon. The uppermost
limestone hed contains well preserved cycad fragments
and charophytes. The shale beds of zone 3 contain a
high amount of kaolinite and carbon, but no benthonic
foraminifers, suggesting a low pH environment. TLam-
inae are poorly developed indicating rapid deposition in
zone 3, relative to zones 1 and 2. Restricted circulation
(low energy) is further indicated by a thick bentonite
bed containing glass shards in the upper part of zone 3
in MclLennan County (fig. 12).

Kaolinite and carbon content reached maximum abun-
dance during this stage of sedimentation, whereas the
overall calcium montmorillonite and calcite contents
are at a minimum (fig. 12), which denotes a lower pH
and Eh in the depositional environment of zone 3 than
in zones 1 and 2. This is expected since decaying plants
should have resulted in sub-normal pH and Eh values.
Deposition was more rapid along the perimeter of the
lagoon than in the open water near the center of the
hasin.

[nterpretation of the mature stage (fig. 13-D) of the
Bluebonnet lagoon is based on less evidence than the
other stages. During this final stage, the lagoon was
completely filled with marsh deposits and covered by
the transgressing Cloice sea.

The overlying Cloice member of the Lake Waco
formation is probably a restricted shallow-water de-
posit. A low energy, long-term depositional environ-
ment for the lower part of the Cloice member is indi-
cated by wide-spread thinly laminated shale beds. uni-
formly distributed microfauna, and relatively uniform
mineralogic composition in Bell, MclLennan, and Hill
counties. A low energy depositional environment per-
mitted the preservation of the soft unconsolidated marsh
deposits of zone 3 of the underlying Bluebonnet mem-
ber,
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GEOCHEMICAL ENVIRONMENT

It is difficult to determine whether a given suite of
minerals reflects sedimentary or diagenetic proc-
esses. Ranges of pH and Eh values of ancient
depositional environments, as inferred from con-
tained minerals, are of questionable value unless the
minerals can be verified to be primary in origin. In
order to verify the origin of contained minerals it
is necessary to expand the number of lines of evi-
dence to include physical and organic indicators,
such as field relationships, sedimentary structures,
and fossils.

The Bluebonnet member was probably deposited in a
dominantly low energy, anaerobic environment as dem-
onstrated by (1) thinly laminated shale beds, (2) lack
of benthonic fossils in shale beds, (3) abundance of
well preserved fish scales, (4) carbonized plant frag-
ments, (5) thin lenticular coal seams, (6) predominance
of structureless biomicrite limestone beds, and (7) low
energy soft sediment deformation structures. Low
energy, anaerobic environments are associated with
negative Eh values. Values of Eh were negative both
above and below the depositional interface during de-
position of the Bluebonnet shales, but positive in the
bar areas (fig. 13). It has been demonstrated (Krum-
bein and Garrels, 1952) that diagenesis does not
normally alter primary minerals in a negative Eh en-
vironment. Garrels (1960) has demonstrated that pres-
sure and temperature ranges in nature are not suf-
ficient to cause a loss of pH-Eh control of mineral
stability. It is, therefore, concluded that the mineralogic
composition of the Bluebonnet member is primary and
reflects pH and Eh values during deposition.

Several geochemical indicators occur in the Blue-
honnet member ; these are kaolinite, calcium montmoril-
lonite, calcite, rhodochrosite, and carbonaceous material.
Kaolinite and calcium montmorillonite are not inde-
pendently good geochemical indicators, but the ratio of
kaolinite to calcium montmorillonite may be important.

Kaolinite-calcium montmorillonite ratio cannot be
used as a pH indicator, unless it can be demonstrated
that the clay minerals reflect the environment of depo-
sition and were not later altered. Clay minerals in the
Bluebonnet member are interpreted to reflect deposi-
tional environments because little similarity occurs be-
tween the clay mineral suites of the Bluebonnet mem-
ber and underlying Pepper and Woodbine formations,
probable source of the sediments.

Normally an increase in pH precipitates calcite,
whereas saturation will not be reached in a low pH
environment. Therefore, abundant calcite suggests a
pH above 7.8 during deposition; when calcite is an ac-

cessary mineral, a pH of 7.0-7.8 is indicated (Krum-
Lein and Garrels, 1952). Calcite precipitation is not
affected Ly oxidation-reduction potential, and is, there-
fore, not an indicator of Eh in paleo-environments.

Rhodochrosite, which occurs at localities 154-B-40,
43 (Appendix 111), can he precipitated at a pH>7.0
and at an Eh<0.0 (idem).

The pH and Eh values were high during the youthful
stage (fig. 13-A) of the Bluebonnet lagoon. Water
sarrounding the cuspate and mid-bay bars had a pH
above 7.8 as indicated by the abundant calcite (zone 1).
The Eh must have been positive since the water adjacent
to the bars was oxygenated by agitation as evidenced by
well sorted, cross-bedded, ripple-marked, bar-deposited
limestone heds composed of shell fragments (P1. I, figs.
ALDY.

Values of pH and Eh were slightly lower between
the cuspate and baymouth bars (Hill County) than in
areas adjacent to the bars. This is suggested by a slight
decrease in the amount of calcite and calcium montmoril-
lonite and an increase in kaolinite in the interbar area
in zone 1.

The late youthful stage (fig. 13-B) of the Bluebonnet
lagoon was characterized by lower pH and Eh values
than was the youthful stage. The only area of rela-
tively high pH and positive Eh was near the cuspate
bar along the southern coast of the lagoon. These high
pH and positive Eh values are suggested by limestone
beds of zone 2 in central Bell County (154-B-1, 2; Pl
[, figs. B, I¥), which are moderately sorted and slightly
cross-bedded Tnoceramus biosparites, indicating mod-
erately agitated waters.

The remaining sediments of the Bluebonnet lagoon
during the late youthful stage were deposited at a neu-
tral to slightly alkaline pH and negative to slightly posi-
tive I¥h. These conditions are indicated by a decrease
in the amount of calcium montmorillonite and calcite,
and an increase in the amount of kaolinite in zone 2
shales, relative to zone 1, Furthermore, in zone 2 the
increase of well preserved fish scales and a slight trace
of rhodochrosite are indicative of an approximately neu-
tral (0.0) Eh environment.

During the early mature stage (fig. 13-C) of the Blue-
bonnet lagoon (zone 3) calcium montmorillonite and
calcite deposition was low, whereas kaolinite deposition
was at a maximum. This suggests that the pH was
also probably slightly acid during the mature stage.
The Eh values were commonly negative as evidenced by
abundant well preserved plant fragments in shales and
-are benthonic fossils in the limestones in zone 3.

BORDERLAND FEATURES

The absence of coarse, land-derived sediments in the
limestone and shale beds suggests a land area of low
relief adjacent to the Bluebonnet lagoon. The Pepper
and Woodbine formations were apparently exposed in

areas adjacent to the lagoon, as denoted by texturally
similar quartz grains in the basal Bluebonnet limestone
bed (Pl VIII, fig. D) and in the Woodbine formation
(Pl IX, fig. D) of Hill County.
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POST-DEPOSITIONAL HISTORY

COMFACTION

[t is estimated that a limestone specimen from locality
109-B-15 displays 45 percent reduction due to vertical
compaction. Pressures required to accomplish this re-
duction would approximate 1,000 feet of overburden
(Weller, 1959, p. 286). If this estimate is valid, nearly
1,000 feet of overlying strata have been removed, which
suggests that the Lake Waco, South Bosque, and Austin
formations, and part of the Taylor formation originally
overlay the Bluebonnet member in the map area. The
lithologic character of these formations in the area also
indicates a distant westward shoreline, and, therefore,
a greater areal extent than occurs today.

CEMENTATION

Cementation is a major post-depositional process in
the bar-deposited limestone beds, but the process is
much less important in shale. Cement in the bar-de-
posited limestone beds is sparry calcite, which may have
formed as primary chemical cement by pressure solu-
tion or by recrystallization of microcrystalline calcite
to microspar and/or sparry cement. Sparry cement in
the Bluebonnet member is interpreted to be dominantly
a cement precipitated from solution onto free surfaces
of Inoceramus prisms (P1. VIII, fig. D). Crystals of
calcite cement grew by precipitation of calcium car-
bonate in lattice continuity with pre-existing free crys-
tals (P1.1I, fig. A). Growth of some crystals ceased as
they became enclosed by crystals with more favorable
orientation. This process led to a reduction in the num-
her, as well as an increase in the size of crystals. The
presence of sparry cement indicates original porosity,
which resulted from winnowing of fine particles during
denosition of the har-deposited limestone beds.

In the bar-deposited limestone beds the Inoceramus
prisms (grains) were elastically strained at the inter-
granular boundaries (Pl VI, fig. B) resulting in pres-
sure solution and reprecipitation.

The occurrence of pressure solution in the limestones
sugeests that cementation by chemical precipitation was
not completed early in diagenesis. This may indicate
a depletion of calcium carbonate in the depositional

CONC

(1) The Bluebonnet member of the Upper Cretaceous
Lake Waco formation occurs in parts of Bell, Falls,
MclLennan, [imestone, [Hill, Robertson, Milam, and
Navarro counties, central Texas. The maximum thick-
ness of the member is 22 feet. The member strikes
north-northeast and dips 40 to 80 feet per mile east-
southeast.

(2) The Bluehonnet member is a sequence of lime-
stone, shale, and bentonite beds. Iimestone beds are
dominantly Foraminifera biomicrites; however, the

area; the gradual lowering of pH within the water, in-
creasing the solubility of calcium carbonate; and/or
rapid sedimentation during late youth and early matur-
ity, which did not permit sufficient time for complete
cementation. A combination of the alove factors prob-
ably occurred.

RECRYSTALLIZATION

Recrystallization, which was an important factor
during diagenesis of the Bluebonnet member, has been
observed throughout the limestone beds. Bar-deposited
limestone beds are composed of Inoceramus prisms,
which were cemented dominantly by sparry calcite.
Two phases of recrystallization are evident in several
of the bar-deposited limestones (PL I, fig. A). The
first phase is grain growth parallel to the bedding.
The second phase truncates the hedding and the first
phase at a 30° angle. The first phase of recrystalliza-
tion may have occurred contemporaneously with cemen-
tation as denoted by the large (1-2mm) crystals of
sparry cement. The second phase at 30° to the bedding
may have resulted from forces associated with Balcones
faulting.

Several of the Foraminifera hiomicrites, deposited in
zones 2 and 3 of the Bluebonnet member, have been
recrystallized by the process of grain seeding (Bathurst,
1058) Grain seeding is indicated by fibrous calcite
crystals radiating from a grain of hematite in a foram-
iniferal test (Pl III, fig. D). The hematite may be
altered elauconite deposited in the test. Alteration of
glauconite to hematite would have resulted in expansion,
which is sugegested by microscopic fractures radiating
from hematite in the center of the test. The micro-
scopic fractures would increase porosity which would
lead to recrystallization of micro-crystalline calcite to
fibrous calcite.

EROSIONAL HISTORY

In general erosion was probably not an important
process in the Bluebonnet lagoon. The youth, late youth
and early mature stages of the lagoon are well preserved
in the outcrop belt. The mature stage is partially de-
stroyed in Hill County as a result of Recent erosion.

LUSIONS

hasal limestone hed at several localities is an /nocera-
maes biosparite that contains abundant closely packed
allochems. The allochems are well sorted lnoceranius
prisms with long axes parallel. Shale beds are gray,
fissile, thinly laminated, calcareous, and weather buff.
Bentonite beds are composed of calcium montmorillon-
ite, which is free of glass shards, indicating the detrital
nature of the bentonites.

(3) The depositional environment was a shallow la-
goon. [our general stages of lagoonal evolution can
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Youth. The baymouth bar is interpreted from subsurface
data. Midbay and cuspate bars are represented by ripple-
marked, cross-bedded, clastic limestone on the outcrop.
Intervening shales are black, thinly laminated and car-
bonaceous. Planktonic microfossils are concentrated in
shale beds adjacent to the inlet. Values of pH and Eh
were probably between 7.8-8.6 and —0.1-0+ respectively
with lower values restricted to marsh areas.
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Early Mature. 'The lagoon was characterized by marsh
deposition. Limestone beds are low energy biochemical
deposits.  Shale is the dominant rock type. Carbon,
kaolinite, rhodochrosite, and planktonic microfossils reach
maximum abundance. Calcite and calcium montmorillonite
concentrations are minimum. Microfossils are in gencral
evenly distributed. Values of pH were probably between
7.0-7.8; Eh was probably negative.
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Late Youth. The midbay and cuspate bars of the youth
stage receded. Clastic limestones are limited to the cuspate
bar. Thinly laminated, highly carbonaceous black shale is
the dominant lithology. Shale beds contain no benthonic
fauna. Bentonite beds are common and widely distributed.
Planktonic microfossils are more abundant and evenly
distributed than in the youth stage. Values of pH and Eh
were probably lower than those of youth, especially in
marsh areas.
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Mature. The lagoon was filled with marsh deposits and in
part covered by the transgressing Cloice Sea. Depositional
energy during early Cloice time was low, as suggested by
widespread, thinly laminated shales of the lower Cloice
member (Lake Waco formation). Low depositional energy
resulted in preservation of unconsolidated marsh deposits
of the lagoon. Transgression is evidenced by the gradation
from Bluehonnet to Cloice deposition.

[Fig. 13. Postulated evolution of Bluebonnet lagoon, central Texas.
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he demonstrated—youth, late youth, early mature, and
mature. The youthful stage is characterized by cuspate
and mid-bay bars which are delineated by field rela-
tionships, sedimentary structures, composition, and fabh-
ric of the basal limestone bed. The late youthful stage
is marked by marsh sedimentation and recession of cus-
pate and mid-bay bars. Planktonic foraminifers are
concentrated in the shale beds near the lagoonal inlet.
By early maturity the cuspate and mid-bay bars were
covered by marsh deposits as a result of reduced circu-
lation due to nearly complete closure of the lagoonal
inlet. Marsh deposits were the predominant sediments
during early maturity, while bentonite beds reached
maximum thickness and areal distribution. In the ma-
ture stage of development, the lagoon was completely
filled with marsh sediments and buried by deposits of the
overlying Cloice member of the Lake Waco formation.
[irosional energy during Cloice transgression was in-
adequate to remove unconsolidated marsh deposits in
the upper Bluebonnet member.

(4) Bed by bed correlation is impossible, but the
Bluebonnet member was divided into 3 distinct litho-
logic sequences or zones. Iach zone is approximately
time-equivalent in an east-west direction, but not neces-
sarily in a north-south direction. Fach zone represents
a distinctive depositional and geochemical environment
throughout the basin, with local variations such as bar,
lagoon, and marsh areas.

(5) The geochemical environment of the Bluebonnet
member is interpreted from the ratio of calcium mont-
morillonite to kaolinite, calcite, and rhodochrosite, as
well as by fossil assemblage and sedimentary structures.
During the youthful stage of the Bluebonnet lagoon the

pH was slightly alkaline and Eh values were positive
for both limestone and shale areas. The bar-deposited
limestone heds in the late youthful stage of the Blue-
bonnet lagoon were deposited in an environment similar
to that ot the youthful stage; the shale beds were de-
posited at a pH near neutrality and at a negative Th.
Most of the shale beds in the early mature and mature
stages of the Bluebonnet lagoon were deposited at a
slightly acidic pH and a negative Eh.

(6) Post-depositional history of the Bluebonnet mem-
ler is characterized by compaction, cementation, and
recrystallization. Compaction resulted in approximately
45 percent decrease in original sedimentary thickness.
Cementation of the bar-deposited limestone beds was due
to contemporaneous precipitation of sparry calcite, and
later pressure solution and reprecipitation. This may
indicate rapid sedimentation and/or depletion of cal-
cium carhonate from the depositional area due to a
lowering of pH.

Recrystallization, which was a common diagenetic
process in the Bluebonnet member, has commonly de-
stroyed original depositional fabric. Grain seeding and
grain growth, contemporaneous with cementation, are
two of the most prominent types of recrystallization.

(7) Bluebonnet rock types are not unique to the map
area (fig. 2). Similar rocks in the basal Fagle Ford
eroup (often referred to as hasal Fagle Ford flags)
were observed as far south as the Del Rio area and as
far north as Dallas (fig. 1). If these basal Fagle Ford
flags are environmentally similar to the rocks of the
Bluebonnet member, lagoonal deposition was common
along the slowly transgressing Fagle Ford shoreline.
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APPENDIX 1

SUBSURFACE CONTROL!

Well No. Bluebonnet g SR AT (‘Lr‘n\dy, Sldughtu No. 1, MeclLennan 17
Thickness County. (31°352' N; 96°53° W)
(in feet) 35. J. L. Myers, (1ty "of Mart No. 1, McLennan 14
County. (31%34 l\' 96°55" W)
1IN RR 01l (nmp.m) lnlm . Mascheck No. 1, 13 36. Joe [‘humpsou, >aul Shelby I\n 1, MclLennan 12
Bell (mmt) (31° 3 97°06" W) County. (31°31' N; 97°09’
2. W. P, Luse, \()ltm I\o 1, Falls County. 13 37. J. L. Myers, [\r]l(]“-l) Ind. Suhnol l)istrict 8
(31°01' N; 97°06' W) No. 1, McLennan County. (31°29° N; 97°13° W)
3. Humhh Oil & Runnng (ump.m), Eleanor Carrol 11 38. Texas Water (ompnny. 'I‘e\ds W .:tu Company No. 3, 8
No. FFalls County. (31706° N; 97°05" W) MecLennan County. (31° 3 97°10" W)
4. Al I)th-lﬂll)rt, D. V. Doskocil No. 1, Falls 14 39. J. L. Myers, Waco W atu District 4 \\’Lll No. 1, 10
County, (31°07' N; 97°07" W) ennan County. (31°34" N; 97°05" W
5. Max Cohen, E. C, Stuart No. 1, Falls County. 9 40. Layne Texas (nmp'm). Texas 10\\0 d"d Light
(31°09° N; 97°03' W) Company No, McLennan County. (31°35" N; 97°07" W)
BRI Lockh:ut Silva No. 2, Falls County. 8 CAabe i B Myerq 'llely No. 1, McLennan Lounty
(31°11' N; 97°01" W) (31°36" N ; 97°04" W)
7. Marlin Petroleum Lompanv Joe LaBarbeca 3 42. Mt. Carmel Center, Mt. Carmel Center No. 1, 16
No. 1. Falls County. (31°10° N; 96°51" W) McLennan County. (31°35" N; 96°59" W)
8. Dail Goodson, J. B. Barg'\mm Na. 1, Falls 6 43, Balcones Oil Company, Jackson No. 1, Limestone 14
County. (31°13" N; 96°50" W) County, (31°35’ N; 96°49" W)
9. Maury Hughes, Trustee, A, H, Bell, C. L. Trice 4 44, M. M, Ml”U J c. RUSU* No. 1, Limestone 12
No. 1, Falls County. (31°13° N; 97°01° \\") County, (31° N; 96°43" W)
10. W. P. Luse, Jones No. 4, FFalls County. 16 45, 0. W. I\lllur, Stone No. 1, Limestone 18
(31°14> N ; 97°02° W) County. (31°37' N; 96°42" W)
11. Jenkins & Perkins, Porter No. 1, Falls County. 1 46. Hunt Oil Company, Union Central Life Ins. 16
(31°14’ N; 97°11' W) Company No. 1, Limestone County. (31°40" N; 96°45" W)
12, Ace Oil (()mp'un) & Ray Holbert, Harrison No. 1, 5 47.  William F. Winn, James L. Morrow No. 1, 20
IFalls County. (31°16" N; 97°01° W) MecLennan County. (31°39" N; 96°57° W)
13. P. W. Curry, Newman No. 1, Falls County. 22 48 . H. Snowden et al., huh.mks No. 1, 20
(31°17’ N; 97°09" W) McLennan County. (31°40° N ; 96° 58’ V\)
14. Bailey and Obermeyer, Warren Allen No. 1, 4 49. Simon Korshoj, R. W. ]'Lrgmon No: 1, 22
Falls County, (31°16" N; 96°53" W) MecLennan County, (31°41° N 96°58' \\)
15. L. E. Miers and Dr. GCA Greenwalt, O. R. 3 50. Layne-Texas Company, ((mn.\ll) Air Base 14
Gilliam No. 1, Falls County. (31°17' N; 96°50° W) Na. 3. MclLennan County. (31°39" N; 97°05' W)
iy A lsTles Pockburn and Zephyr Oil (_umpmv. 3 51. Lake-View Water Company, J. E, Passmore No. 15 10
N. D. Buie No. 1, Falls County. (31°16" N; 96°49"° W) McLennan County. (31°39" N; 97°07" W)
17. Paine, Eubank, No. 1, McLennan County. 10 52. Chalk Blufi Water Supply, Chalk Bluff No. 1, 9
(31°20° N; 97°13' W) McLennan County. (31°40° N; 97°08" W)
18. Jet Oil Company, Wills No. 1, Mclennan 16 53. C. R. Porter, Kophal No. 1, McLennan 13
County. (31°22° N; 97°15° W) County. (31°41' N; 97°04’ W)
19, Hamilton and Torrance, Guderian Est. No. 1, 11 54. Layne-Texas, Leroy-Tours-Gerald No. 1, 20
Falls County. (31°21' N; 97°06° W) McLennan County. (31°44' N; 97°01° W)
20. Midstates Oil Corporation, B. E, Mitchell 8 55. Baylor University Geology Department, 0
No. 1, Falls County. (31°23' N; 97°00" W) J. L. McCain No. 1, McLennan County.
21. Gray Oil Company, Warren No. 1, McLennan 12  (31°45' N;97°08" W)
County. (31°24° N; 97°12° W) 56. C. P. Quinlan, Prause No. 1, MclLennan 8
22. Rosental Water Company, O’Dowd No. 1, 9 County. (31°47' N; 97°07" W)
MeclLennan County. (31°25'N; 97°06° W) 57. Camtex Oil Corporation, (mt\nxght W)yl l
s P Ilnnks, Kerr No. 1, Falls County. 4 Hill County. (31°47" N; 96°54' W)
(31°24' N; 96°358° W) 58. Joe 'l‘hompsun. Easter I)ohext; No. 2, Hill 7
24. A. R. Sheaf, P[\V(lkd No. 1, Falls County. 12 County. 31°48" N; 96°53" W)
(31°25" N; 96°54° W) 59, Eureka Tuul (nmp'm), Daugherty No. 1, Hill il
OSSR Ja.ckmn. S.tmud B. Landrum No. 1, 7 County. (31°48' N; 96°51" W)
Falls County. (31°26" N; 97°50" W) 60. Davidson and l|t7p‘|tr|ck. Grant No. 1, Hill 6
26. Lone Star Gas Production Company, Criswell 10 County. (31°47" N; 96°51° W)
No. 1, Limestone County. (31°25" N; 96°42' W) (. A6, _]. Iester et 11 Beard No. 1, Hill County. 0
27. Beacon Oil Company, Trice No. 1, McLennan 12 (31°48" N; 96°50" W
County. (31°26° N; 97°14° W) 628 St J\Mh(m_v 0il Corporation, Allen No. 1, 8
28. Chapel Hill Water Company, Water Well No. 1, 13 Limestone County. (31°46" N; 96°42" W)
McLennan County. (31°27° N; 97°10° W) 63. A. O. Phillips and Americnn Lil)c\'ty, Vosburg 7
29. J. L. Myers, Waco \Icmou.xl Park No. 1, 9 No. 1, Hill County, (31°50" N; 96°55" W)
‘MecLennan County, (31° N; 97°09' \\' 64. J. L. Myers, l‘emlopc \\’dtu V\’cll No. 1, 4
30. J. L. Myers, \oungblood No. 1, McLemnn 12 Hill County. (31°52" N; 96°55" W)
County. (31°28" N; 97°06" W) 650 CFRY Portu E. l) M:\?.mec I\o 1, McLennan 12
31. Max MecCotter, \\/;urlluw No. 1, McLennan 19 County. (31° 50" N; 97°05’ W
County. (31°29' N; 97°00° W) 66, R. J. MLMuney Jm. 1 Lm(k No. 1, Hill [
32. Layne Texas (ommny Texas Power and Light 20 County. (31°52' N; 96°52° W)
Company No. McLennan County. (31°28' N; 96°59° W) 67 CivA, LeL, lhght "No. A-1, Hill County. 3
33. Riesel Ind. S(.huol Corporation, Riesel Ind. 17 (31°53" N; 96°48" W)
School Water Well No. 1, MclLennan County. 68. George Rahal, Lewis Martin No. 1, Hill 6
(31°28' N; 96°56" W) County. (31°58' N; 96°50" W)

IRefer to figure 2 for location of wells.
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APPENDIX II

MEASURED SECTIONS!

Thickness
(feet)

Unit Lithology

LOCALITY 14-B-1 (Fig. 3) 3

In south bank of Leon River approximately 800 yards north of

Farm Road 496, about 3.8 miles southeast of intersection of State High-

way 317 and U. S. Highway 190, and approximately 7 miles southwest

of intersection of State Highway 36 and U. S, Highway 81, Bell County,
Texas (31°01' N; 97°25" W). Limestone 56% ; shale 44%.

Bluchonnet Member (Lake Waco formation)

9 Shale, tan, severely weathered, weathers DU e 1.0
8c Limestone, tan, micro-crystalline calcite matrix, thinly bedded,
maderate porosity, weathers buff 0.3

8h Shale, covered — oo
8a Limestone, tan, micro-crystalline calcite matr
moderate porosity, weathers buff
7 Shale, gray, fissile, thinly laminated, calcarcous, severely
weathered, weathers tan oo
G Limestone, tan to brown, medium-bedded, mi
caleite matrix, porous, ripple-marked on upper surface, wavy-
bedded, 2-inch bentonite separating unit from underlying lime-
stone, weathers tan -0.7
5 Limestone, tan to brown, medium-bedded, fine-grai
ate porosity, opposing ripple marks on upper surface, wavy-
bedded, Vi-inch hentonite seam scparating unit from under-
lying limestone, weathers tan 0.6
4 Limestone, tan to brown, fine-grained, modera porosity,
ripple-marked on upper surface, wavy-bedded, I-inch bhentonite
seam in middle, weathers tan & oo ee 0.7
3 Shale, gray to black, fissile, thinly laminated, calcareous,
weathers tan; intercalated with two limestone beds - _______ 0.5
2 Limestone and shale, Limestone, tan to brown, fine-grained, .
well sorted and poorly rounded grains, thinly laminated, well
cemented, Inoceramus iragments, moderate porosity, cross-
bedded, wavy-bedded, weathers brown; two intercalated shale
beds, gray, [issile, thinly laminated, calcareous, weather tan __._1.0

Pepper Formation X . .-
1 Shale, gray, indurated, blocky, slightly calcareous, jarosite on
weathered surface, weathers light gray

LOCALITY 14-B-2 (Fig. 3)

In bank of Pepper Creek approximately 400 yards southeast of U. .
Highway 81, about 4 miles northwest of intersection of State Highway
317 and U, S. Highway 190, and approximately 4 miles southwest of
intersection of State Highway 36 and U. S. Highway 81, Bell County,
Texas (31°057 N; 97°24 "W). Limestone 31%; shale 57%; ben-
tonite 12%.

Bluebonnet Member (Lake Waco formation)

6 Shale, tan, slightly {issile, slightly laminated, -calcareous,
severely weathered, weathers butf 2.0
Limestone, tan, thinly bedded, micro-crystalline calcite matrix,
excellent porosity, limonitic, weathers light-tan, bentonite at

o

base of UNIt oo oo e e 0.3
4  Limestone, tan to brown, medium-bedded, micro-cr stalline
calcite matrix, moderate porosity, wavy-bedded, remely
fossiliferous at top, weathers buff . ______ = 0T
3 Bentonite, vellow to tan, severely weathered ___ 2025
2 Shale and limestone. Shale, gray, laminated, calcareous, wes
tan; limestone, gray, fine-gramed, well sorted and poorly
rounded grains, well cemented, medium-bedded, ripple-marked,
wavy-hedded, low porosity, Inoceramus iragments, weathers
Tt O U e e e e = 0.6
Pepper Formation
1 Shale, gray, indurated, blocky, non-calcareous, jarosite on
weathered surface, weathers light-gray oo ———__ ~1.0

gl otal e eSS 5.1
LOCALITY 14-B-3

In road cut on Farm Road 2601, 0.5 mile west of intersection with
State Highway 317, about 4.4 miles southwest of Moody, and 6.6 miles
north-northeast of intersection of State Highways 36 and 317, Bell
County, Texas (31°15' N; 97°23" W).

Bluebonnet Member (Lake Waco formation)
10

Shale, severely weathered, 3 thin lenticular limestone beds ———__ 4.0
9 Limestone, tan, very thinly bedded, very finely crystalline,
weathers tan o oo e .3
8 Shale and limestone, severely weathered _ 0.6
7  Shale, severely weathered —— oo __ Sy R S s L 1.0
6 Limestone, tan, thinly bedded, micro-crystalline matrix, vugular
porosity with clay and limonite filling many vugs, weathers
brown e ---0.4
5 Shale, severely weathered oo — {17
4 Limestone, severely weathered, thin bentonite seam separating
limestone beds, highly limonite-stained 0.6
3 S hald  covered s e e
2  Limestone, blue-gray, thinly bedded, micro-

1
crystalline calcite matrix, Inoceramus fragments, weathers tan __0.3

1Refer to figure 2 for location.

Pepper Formation
1 Shale, llack, {fissile, blocky, jarosite on weather
calcareous, weathers gray

LOCALITY 154-B-40 (Fig. 4)
~In west facing slopes of Moody Hills approximately 900 yards east
of State Highway 317, approximately 4 miles south-southeast of
_.\'Ic(ircgor, and 5 miles north-northwest” of Moody, McLennan County,
Texas (31°23' N; 97°22° W). Limestone 31%; shale 68%; ben-
tonite 1%.

Cloice Member (Lake Waco formation)
18 Shale, tan, fissile, very poorly laminated, calcareous, weathers

T A e e s e s e e 3.2
Bluchonnet Member (Lake Waco formation)
17 Bentonite, yellow oo ae e s e e 0.2
16 Limestone, tan, thinly ded, porous, high carbonaceous
tent including cycad fragments, weathers light-tan . ______ 0.2
15 Shale, tan, fissile, poorly laminated, calcareous, severely
weathered; weathers il o s e e e o= CatEns 1.0
14 Limestone, tan, thinly bedded, very finely crystalline, planktonic
Foraminifera, etched surface, weathers buff - _____
13 Shale, tan, fissile, thinly laminated, calcareous, severely

weathered, weathers buff __________
12 Limestone, tan, thinly bedded, very finely erystallin
porosity, planktonic Foraminifera, weathers buff _
11 Shale, gray to black, fissile, thinly laminated, calcareous,
et er S DU e e e L 0.7
10 Limestone, gray, thinly bedded, mi rystalline calcite matrix,
excellent porosity, lenticular, weathers tan

9¢ Shale, gray to black, fissile, thinly laminated, calcareous, s ght
limonite content, weathers buifi; thin bentonite bed at base - 1.0
a9y Covered S0

9a Shale, gray to black, fissile, thinly laminated, calcareous, slight-
ly limonitic, weathers buff, 4-inch bentonite bed in middle of
DI o e e e e e e e e e e e i e e e o
8 Limestone, light-h*own, thinly bedded, micro-c lline calcite
matrix, porous, limonitic, weathers buff __________________ 0.3
7 Shale, gray, fissile, thinly laminated, ca
Luff; thin bentonite bed in upper hali __ g
6 Limestone, light-brown, thinly bedded, micro-crystalline cal-
cite matrix, porous, weathers buff - _________ 0.2
5 Limestone and shale. Limestone, light-brown, thinly bedded,
micro-crystalline calcite matrix, low porosity, weathers buff.
Shale, gray, fissile, thinly laminated, calcarcous, weathers buff ___0.5
4  Limestone, brown, thinly bedded, fine to medium-grained,
crystalline, moderate porosity, wavy-bedded, cross-hedded,

WVeathera i b e e e e S S SRS 0.3
3  Bentonite, yellow to tan, severely weathered ________ » -]
2 Shale and limestone interbedded. Shale, gray fissile, laminated,
salcareous, phosphate nodules and sharks teeth near base.
Limestone, gray, medium-bedded, medium-grained, dominant
constituents are Inoceramus fragments, bonded by micro-
(TR C DV S POV A bt o o (o = e S e e S Y S e e 0.2

Pepper Formation
1 Shale, gray to I)l:\_ck. indurated, non-calcareous,
on weathered surface, weathers light-gray ..

o] 71 | Ror S S e s 35.8

LOCALITY 154-B-41 (Fig. 5)

In ecast bank of South Cow Bayou, 30 yards downstream from

county road, about 9 miles southeast of McGregor and approximately

5 miles northeast of Moody, MclLennan County, Texas (31°22
07°17" W). Limestone 17% ; shale 75% ; bentonite 8%.

Cloice Member (l.ake Waco formation)

21 Covered oo e 4.0
20 Shale, tan, fissile, poorly laminated, calcarcous, several inter-
calated beds of bentonite, weathers tan _______ . ______.3.3

Bluebonnet Member (Lake Waco formation)
19 Bentonite-calcilutite. Bentonite, yellow, glass shards; cal-
cilutite, yellowish-tan, finely crystalline, well sorted grains, cx-
e T ) G 8 1 e i e 0.2
18 Limestone, brown, thinly laminated, micro-cr
matrix, porous, lenticular, weathers yellowish-tan __
17 Shale-bentonite, interbedded, severely weathered
16 Shale, gray, fissile, thinly laminated, calcareous, interbe
with 2 and 3-inch thick bentonite seams; 2 inches of limestone

at top of unit, shale weathers buff .. ______ 1.5
15 Shale, gray to black, fissile, thinly laminated, calcareous, inter-

bedded with limestone and bentonite, weathers light-gray ______ 2.3
14 Limestone, gray, thinly bedded, micro-crystalline calcite matri

porous, high carlonaceous content, weathers buff 0.4
13 Shale, gray to black, fissile, laminated, high carbonaceous

content, calcareous, coneretions of bedded limestone, weathers

buff. Two thin hentonite beds, 1.0 foot and 2.5 feet from base

ORI LT ea D e e IV Y e L e e e e e 2.7
12 Shale, gray to black, fissile, thinly laminated, carbonaceous,

calcareous, weathers light-gray; 3-inch silty limestone bed

overlies.shale’ —- oo~ __=_____. - ______ S, s
11 Limestone, gray, thinly bedded, micro-crystalline calcite matrix,
porous, Inoceramus fragments, weathers gray .. 0.4
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10 Bentonite and shale. Bentonite, vellowish-tan, lenticular,
severely weathered; shale, gray, fissile, poorly laminated, cal-
careous, weathers tan

9  Shale, gray to black, thinly laminated,
3 thin beds of bentonite, weathers tan

8 Limestone, gray to tan, medium-bedded, micro-crystalline
caleite matrix, Inoceramus fragments near top, porous, weathers
et b OWN L0 BTAY e e e e s e s S 0.4

7 Shale, gray to black, fi aminated, calcarcous, silt
weathers buff

6  Bentonite, yellow to tan, lenticular

5 Shale, gray to black, fissile, thinly laminated, calcareous,
Weathers o bl e e e e e e e T 0.5

4 Limestone, fine-grained, moderately sorted, poorly rounded and

well  cemented, Inoceramus fragments, moderate porosity,

cross-bedded, wavy-bedded, ripple-marked, weathers tan

Bentonite, yellow to tan, severely weathered .. ...

Limestone, tan to brown, fine-grained, well sorted, moderately

rounded and well cemented grains, elongate phosphate modules

at lower contact, Inoceramus fragments, cross-bedded, weathers

-0.4
0.1

O

B 0 oW e e e e s 0.3
2a Shale, gray, fissile, thinly laminated, calcareous, fecal pellets,
weathers hight-gray st SRt i ot S S e e T I 0.3
Pepper Formation
1 Shale, gray to black, fissile, blocky, jarosite on weathered sur-
face, non-calcarcous, weathers T g Ty e e o 1.2
A ota ] T —eaneE D0\

LOCALITY 154-B-42 (Fig. 6) y
In northwestern bluii of South Bosque brick yard, about 7 miles
southwest of intersection of U. S, Highway 84 and State Highway 6,
app:uxxmatuly 9 miles mnortheast of McGregor, Mclennan County,
exas (31°29° N; 97°15 W). Limestone 14%; shale 78%; ben-
tonite 8%.

Cloice Member (Lake Waco igrmatiun) - .
18 Shale, gray to tan, fissile, laminated, calcareous, high iron )
conten et et 8 A e e 20

Bluebonnet Member (Lake Waco formation)

17b Bentonite-calcilutite. Bentonite, severely weathered, grades into
argillaceous calcilutite, very fine-grained, well sorted grains,
high clay content, weathers light-brown ______________

17a Shale, gray, fissile, laminated, calcareous, weathers tan

16 Limestone, light-gray, laminated, finely crystalline, porous, con-

---0.6
0.4

Fort e e d i e b 1 T B i 1 R o 0.2
15 Shale, gray, fissile, thinly laminated, calcareous, contains 2

Lentonite beds near base, weathers light-gray - ___________ 3.2
14 Shale-bentomite. Shale, gray, fissile, poorly laminated, cal-

careous, weathers tan; bentonite, yellow ______________________ 0.5
13 Shale-bentonite. Shale, gray, fissile, laminated,

weathers tan; bentonite, severely weathered ___________________ 0.5
12 Limestone, light-gray, laminated, finely crystalline, porous,

contorted bedding, weathers tan to buff ___ 0.2
11 Shale, gray to Dblack, fissile, thinly laminated, calcareou

highly carbonaceous, weathers B A e o e 1.2
10 Limestone, blue, thinly laminated, finely ecrystalline, porous,

lenticular, weathers gray —_____________ 0.2

9 Shale, gray, fissile, thinly laminated, calcareous, high  car-
honaceous content, 3-inch bentonite at base of unit is severely
weathered, ‘shale weathers! @ray. - oo oo 37

& Limestone, gray to brown, laminated, micro-crystalline calcite
matrix, Inoceramus fragments near base, moderate porosity,
N Y A e oy e ptr Sl i L0 S SR i 0.4

7 Shale, gray, fissile, thinly laminated, calcareous, limonitic at

Dage i aweathersE bulfata i tan: s e e oo 0.7
6 Limestone, blue to gray, thinly laminated, distorted laminae,
micro-crystalline matrix, dense, weathers gray; thin bentonite
Fedéatihage Rof S oM 2 2os I It S e e e e e e 0.5
Shale, gray to black, fissile, thinly laminated, calcareous,
oysters and sharks teeth common, weathers light-gray __
Limestone, tan to white, very thinly bedded, micro-crystalline
calcite matrix, porous, wavy-bedded, weathers gray to white ____0.6
Shale, gray to black, fissile, ]amumted, calcareous, limonitic,
weathers tan &
2 Shale, gray to bla a ed, ¢ phosp hate

nodules and sharks teeth HCdl‘ Imsc contains 2 thin buls of

moderately crystalline limestone, weathers light-gray —-___._____ 1.2

“ S o

P(ppcl Formation
Shale, gray, indurated, blocky, non-calcareous,
weathered surface, w: g e 1 T gy e o 27.7

LOCALITY 154-B-43 (Fig. 7)

In ditch, 400 yards from county road, about 4.5 miles west of
intersection of U, S. Highway 84 and State Highway 6, about 12 miles
northeast of McGregor, McLennan County, Texas (31°30° N; 97°14° W).
Limestone 12% ; shale 78% ; bentonite 10%.

Cloice Member (Lake Waco formation)

15 Covered A e o e e T 2.0
14  Shale, gray to tan, slightly calcareous,
WA T R AN e e e eaas s 3.0

Bluebonnet Member (Lake Waco formation)
13 Bentonite-calcilutite. Bentonite, yellow, grades into cal-
cilutite; calcilutite, yellow to tan, well sorted grains, weathers
R e S S S o, 0.9
12 Shale, gray to black, fissile, thinly i
weathers tan, contains 4 hentonite beds __._
11 Bentonite, yellow to tan; extensive iracture
Cen e O e O Tt N L 0.5
10 Shale, gray to black, fissile, thinly laminated, calcarcous,
contains limestone Loncrchons, lenticular coal seam, wcathcxs
T alae JRARH. Tl e st o 1 Sha it i sl bon RE. SN 2.1

9  Limestone, Dblue, thinly laminated, cross-laminated, [inely
crystalline, porous, weathers gray __

8 Shale, gray to black, (fissile, lhmly laminated,

i \ calcareous,
weathers light-gray ; two thin bentonite beds in upper half of
e e e 2.6

~1

Limestone, dark-gray, thinly bedded, v finely er,
Inoceramus iragments near top, mmler'ttc porosity, weathers
gray; thin bentonite bed at base . _______________
6 Shale, gray, fissile, thinly laminated, calcareous, weathe
5 Limestone, blue, thinly ldlnllldkd very finely crys

porous, contorted bedding, weathers gray
4 Shale, gray, fissile, thinly laminated, calcareous, weathers

R A e R L o e e e (e 6
3 Alimestone, dark-gray, thinly laminated, micro-crystalline ¢

matrix, porous, some distorted laminae, weathers light-gray _____ 0.5
2 Shale, dark gray, fissile, thinly laminated, calcareous, phosphate

nodules, sharks teeth, 2 thin limestone beds, weathers light-

e O e e S S s S ] 0.7
Pepper Formation
1 Shale, dark gray, fissile, blocky, fractured, non-calcarcous,

Ve T e R e T A e el S L S 5.2

Total o o o e 23.4

LOCALITY 154-B-44 (Fig. 8)

In tributary of Aquilla Creek, about 1,000 yards north of county
road, about 21 miles south of Hillshoro, and alout 11 miles north of
Waco, \Ichnn:\n County, Texas (31°44" N; 97°09" W). Limestone 17% ;
shale 80% ; bentonite 3%.

Cloice Member (Lake Wacce formation)
19 Covered
18 Limestone, gray, very thinly laminated, very finely cr
argillaceous, weathers hn ........................
Shale, gray to tan, laminated,
to light-gray __
16 lec~mm- gray, very thinly o, ver Y Crys
(ngxll.nuous. some Inoceramus fragments, weathers tan _________ 0.2
15 Shale, gray to tan, ile, laminated, calcareous, weathers buff
to light-gray __

Bluehonnet Member (Lake Waco formation)
Calcilutite, yellow, argillaceous, weathers light-tan to reddish-
D OIS s e e e S W M o
13  Bentonite, yellow to white, fractured
12 Shale, gray to tan, fissile, laminated, calcareous, jointed ncar
LOP WAt R e S R TN L0 L e L L L 3.6
11 Limestone, tan, thinly laminated, finely crystalline,
Inoceramus at base, weathers light-tan __
10 Shale, light-gray, thinly laminated, calc:
ps(.lldo -aragonite near middle, weathers hgnt gmy _____________
9 Limestone, light-gray, thmly laminated, distorted laminae,
porous, weathers browni A7 AV IS s S S e S T R N e 0.2
8 Shale, tan to gray, fissile, thinly laminated, calcareous, thin
bentonite bed about 5 inches above base of unit, weathers
g A e e G TR 1.2
Lamestone, gray to tan, thinly laminated, finely crystalline,
porous, weathers light-gray __
Shale, gray to black, fissile, laminated, calca thin ben-
tonite bed 18 inches fmm base of unit, weathe light-gray —_____ 2.0
Limestone, blue to tan, Inoceramus fragments (some whole
qpeumu)s) in micro-crystalline calcite matrix, weathers brown __.0.6
Bentonite, yellow to white, lenticular - ___________ 0.2
Shale, gray to black, fissile, thinly laminated, calcareous.
Limestone, tan, fine to very fine-grained, lenticular, near top
of aunit) weathers g h b gray e e s 0.8
Limestone, blue, fine-grained, moderately sorted to well sorted
and well cemented grains, cross- bedded, thinly bedded, low
porosity, fossiliferous, weathers gray . ___.._._ 0.5
2a Shale, gray to black, fissile, laminated, calcarcous, phosphate
nodules, sharks 1eeth intercalated thin limestone beds,
Weathers g R Ay e e g e 0.5

2

wh o & N

o

Pepper Formation
1 Shale, gray to black, indurated, blocky, non-calcareous,
jarosite on weathered surface, weathers dark-gray

LOCALITY 154-B-45 (Fig. 9)

In tributary of Aquilla Creek, atout 200 yards west of county
road, about 15 miles south of Hillsboro, and about 4 miles west of
West, McLennan County, Texas (31°47' N; 97°11° W). Limestone 14% ;
shale 80% ; bentonite 6%.

B]ucl)(mnet Member (Lake Waco formation)

Limestone, buff, thinly bedded, abundant rbonized plant

material, weathers AT iU T o el el e 2 g (TR B - i oot | 0.4
10 Shale, gray to black, fissile, slightly laminated, calcareous,

weathers gray to tan 0.8
9 Bentonite .- ____ .3
8. ‘Coverediioazrons o2
7 Sh.xle, severely weathered gt A BRI T e 1.0
6 Shale, tan, slightly fissile, slightly laminated, calcareous,

Wenthersybutiiesues mewnsl L s n ol S e e 0.4
5 Limestone, tan, thinly laminated, very finely crystalline, abund-

ant carbonized plant material on upper surface, unevenly bed-

ded;aweatherb buf et s e
4 (.alcnlutnte, vellow, weathers buff to ligh
dc Shale, light-gray, fissile, laminated, calcarcous

plantmatérial; weathers  buff — = e aee 0.4
3b 1L1;?c<tonc, tan, very finely crystalline, thinly bedded, weathers

hu (1]
3a Shale, slightly laminated, calcarecous, ‘Wweathers buff -__0.2
2b mestunc hlue to gray, very thinly laminated, micro-

crystalline calcite matrix, porous, weathers yellow to tan .___0.2-1.0
2a Shale, gray to black, fissile, laminated, calcareous, weathers

Lightzgraiiitor tan R e R e O A D e SR 0.1
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Pepper Formation ;
Shale, gray to black, indurated, blocky, jointed, non-cal-

careous, jarosite on weathered surface, weathers light-gray —_____ 8.2
Potalsssatooo el ss 12.6%

LOCALITY 154-B-46
In tributary of Scuth Fork of Cow Bayou, about 400 yards west
of Farm Road 2113, approximately 8 miles south-southeast of MeGregor
and about 3 miles north-northeast of Moody, MclLennan County, Texas
(31°21” N;; 97°18 W),

Cloice Member (Lake Waco formation)
4 S e OV e e S T e o R n22:0
Bluebonnet Member (Lake Waco formation)
3 Shale and limestone, severely weathered. Albout 6 limestone
beds alternating with shale Deds approximately 2 feet thick.
Several thin beds of bentonite; petrified wood fragments com-

MON NeaT Da8e o o e e oo 15.3
2 Limestone, blue-gray, medium-grained, well sorted, very poorly
rounded and well cemented grains, cross-bedded, ripple-marked,
Inoceramus fragments, low porosity, weathers brown . ____ 1.2
Pepper Formation : 2
1 Shale, Dblack, le, blocky, mnon-calcareous, jarosite on
weathered surface, weathers gray o --eeommmoomoom e 5.7
ROt S S S T s 44.2

LOCALITY 109-B-15 (Fig. 9)

In tributary of Aquilla Creek, about 600 yards west of county
road, approximately 4 miles northwest of West, and about 11 miles
south ot Hillshoro, Hill County, Texas (31°53° N; 97°11° W). Lime-
stone 15% ; shale 83%.

Blumemu Member (Lake Waco formation)
Shale, tan, fissile, very poorly laminated, calcareous, carbon-

ized 1)1.mt material common, weathers ]xghuan. ..... oo 2.4
10¢ Limestone, tan, thin- l)eddul finely crystalline, limonitic,
cnrhonuc(l organic material common, weathers buff . _______ 0.2

10h Shale, tan, fissile, poorly laminated, calcareous, weathers buff___0.4
10a leeetone tan, thin-bedded, finely crystalline, carbonized

organic mdterml commaon, weathers buff - ____ 0.2
9 Shale, gray, fissile, laminated, calcareous, weathers tan __ .0
8 Limestone, tan, very finely crystalline, \veathem light-tan ______ 0.2
7 Shale, gray, fissile, thinly laminated, calcareous, weathers tan _.__2.2
6 Limestone, blue, l.nmnmted finely Ll’ybl.l"lllc laminae not con-

T e s A B N L Y e 0.5
5 Shale, gray, fissile, thinly laminated,

Ve thers e v e NS SR e A
4 Limestone, blue to gray, very thinly laminated, micro-cryst:

line calcite matrix, porous, weathers yvellow to tan —___________ 0.6
3 Shale, tan, fissile, slightly laminated, “calcareons, weathers tan ___0.4
Woodbine IFormation
2b Shale, tan, indurated, blocky, sandy, calcarcous, weathers tan ____0.5
2a Sandstone, tan, medium to fine-grained, sub- 'mgular to sub-

rounded, well sorted grains, iriable, weathers tan ... 0.5
1  Sandstone, tan, medium to fine-grained, sub-angular to sub-

rounded, well sorted grains, iriable, weathers tan _._ . .. _ 7.7

4 o | bt ettt e U 28.2

LOCALITY 109-B-16 (Fig. 10)

In north Fank of Cobb Creek, about 200 yards west of county
road, about 7.8 miles northwest of West, and about 7.4 miles southwest
of Hillshoro, Hill County, Texas (31°56"° N; 97°11" W). Limestone 30% ;
shale 66% ; bentonite 4%.

Cloice Member (Lake Waco formation) -
13 Shale, tan, fissile, very poorly laminated, carbonaceous,
severely weathered at top of unit, weathers dark-tan

Blucbonnet Member (Lake Waco formation)
12

B enonit e iy 1] O e e e e el e e 0.2
11 Shale, gray, fissile, poorly laminated, calcareous, carbonaceous,
weathers buif ; thin limestone bed at e oo Bk 0§ f e L S i o 2.0
10 Limestone, mn. very finely crystalline, porous, high limonite
content, weathers buff; 1-inch shale near middle ______________ 0.4
9 l.\fhfale, gray, fissile, laminated, calcareous, bentonitic, weathers .
i e e el Wl e S S e T L e e e e 13

8 Limestone, buff, thin-bedded, finely crystalline, porous, alte
natingz light and dark bedding, fossiliferous near top, weathers
AR Y B, L L e e N, ST Sl SO R I S 0.3

7 Shale, gray, fissi calcareous, lentonitic,

weathers buif : = S AN e 0.4
6 Limestone, blue to gray, thinly laminated, finely crystalline,
porous, Inoceramus and ammonites, weathers buff _____________ 0.3

5 Culcilutiic, yellow, fine-grained, friable, bentonite near top of ol
T e e A R IV S s Bl

4 Limeston thinly laminated, micro-crystalline calcite
matrix, slxghl]y cross-laminated, porous, weathers buif; thin

Interheddeds B alel e e 0.6
3 Limestone, tan, medium air l-sorted, poorly
rounded and well cemented grains, Lruss hedded, Tnoceramus
fragments, low porosity, weathers brown o __ 0.3
Woodbine Formation
2 Sandstone, tan, medium to fine-grained, sub- angular to sub-
mun(led grains, calcite cemented, friable, limonite-stained,
A D T 1T O W e e e e e e et M I e 0.6

1 Sandstone, buff, medium to fine-grained, su angular to
rounded grains, friable, limonite-stained, weathers tan

TotalsotoomE=ans e 11.5

LOCALITY 109-B-17 (Fig. 11)

In small creek, 300 yards north of county road, alout 4.5 miles
south-southwest of Hillshoro 'md about 4 miles south-southeast of
Peoria, Hill County, Texas (31°37° N; 97°11' W). Limestone 35% ;
shale 63% ; lLentonite 2%.

Cloice Member (Lake Waco formation) 5
13 Shale, gray to tan, poorly laminated, calcareous, weathers buff 2.0

Bluchmmv Member (Lake Waco formation)

Bentonite, yellow, severely weathered - 0.2
11 Shale, gray, fissile, thinly laminated, cales eous, weathers huff 1.7
10 l.imusmnc and sh.nlc Limestone, tan, very finely crystalline,

very porous, high limonite Lonluxt weathers buff; shale, gray,

poorly la .H.Ld. calcareous, c.uhon'u.eous, weathers buff —_____ 0.3
9 Shale, gray, fissile, thinly laminated, calcareous, carbonaccous,

lenticular beds of coal. weathers buff. Thin limestone bed in

Jowerd Ehirdl O N O s e e e e T 0.7
& Limestone, yellow to gray, laminated, very finely crystalline,

silty and porous, weathers buff __
7 Shale, gray, sile, laminated, calcareous, jomtu, with cla

=

O AT T YT T e e e
6 Limestone, yellow to gray, laminated, very finely crystalline,

very porous, Inoceramus at top, weathers buff —______________ 0.4
5 Shale, gray to llack, fissile, thmly laminated, calcareous,

weathers buff; 1-inch I)Lntomtc bed in middle of unit __________ 0.7
4 Limestone and shale, Limestone, gray, finely crystalline, high

limonite content, porous, weathers lhght-brown —________ 0.7

3 Shale, gray to tan, fissile, slightly laminated, calcareous, sandy,

WEHENEES DU oot oy ot 2 b Pl S AR, St 0.8
2 Limestone, blue to gray, fine- gnmul well-sorted, moderately
rounded grains, cross-bedded, Inoceramus frugmcnts, porous,
weathers. brown o _ooo_o__o-iC LR 0.2
Pepper Formation
1 Shale, gray to dark gray, indurated, blocky, calcareous, jarosite
on weathered surface, weathers hghl SR e et e T 1.6

IS o S e I P 2

LOCALITY 109-B-18
In ditch along county road, about 5.5 miles west of Hillshoro and
about 1.3 miles north of Peoria, Hill County (32°00" N; 97°14" W).

2 Limestone, blue-gray, medium-grained, poorly sorted, poorly
rounded grains, micro- -erystalline caleite matrix, Inoceramus

and ammonite fragments, 1cpl1lc vertebrae common, weathers tan _1.2

/Huehunnct Member (Lake Waco formation)

Woodbine FFormation

1 Orthoquartzite, tan, fine-grained, moderately sorted and
medium-rounded grains, massive-bedded, calcite cement, low
oo G A R s b7 & S e SR i e S s 2.2

ot | e s 3.4

LOCALITY 109-B-19
In small creek, 15 yards south of county road, about 7 miles
northwest of Hillshoro and about 7 miles northeast of Peoria, Hill
County, Texas (32°05" N; 97°13" W).

Eagle Ford Group

3 Shale, severely weathered, several thin lim
or less thick) near top of unit

2 Clay, tan, bentomnitic, weathers buif oo 3.2

tone beds (1-inch

Woodbine Formation
1 Orthoquartzite, —medium-grained,
moderately rounded grains, m
porosity, weathers buff

moderately  sorted and
ive-bedded, calcite cement, low

L O B | e 8.3+
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MINERALOGIC PERCENTAGES

ot &
£
g 8 8 5 o
= Hg  HH 2 g 8 e g
=g 35 o = 7 = 5 £
= o °5 2= cl g g = El
o = o = 3 =) o 5 3
=} [P A = M (&) Ct o 19}
LOCALITY 14-B-1
1 == s e 5 60 2
2a - Ll 5 20 18 2
2b 2 £ 2 5 4 e
2¢ Sy = 5 20 16 2
2d s i o 8 2 =
Ja 30 2 15 15 15 3
3b 10 e 5 =3 4 =72
3c 30 = 15 i5 15 3
3d 10 o 5 = q S
4 4 __ i K 5 2
5 5 ok e e 2 1
(3 2 —= - e 8 1
8a 8 =5 5= S5 e 1
8h Covered
8¢ 8 — B i 1
LOCALITY 14-B-2
1 25 s S, 45
2a 18 g o 20
2b n e o 4
4 3 S S —
5 10 . s L
LOCALITY 14-B-3
4 — = - =
LOCALITY 154-B-40
1 20 e = 60 3
2 5 o o 12 |
3 44 =, o 8 o
4 5 2 e 1
D 5 ey ofs 1 3
[ o . - 1 L
7 10 24 == 8 2
8 5 — e 1 1
9a - 40 - == 5
9b Covered
9c 40 e . 10 3
10 =L 12 £ 1 1
11 5 <= o 12 7
12 — 5 — 1 2
13 20 g == 10 5
14 5 - — 1 4
15% 25 5 = 8 5
16 5 — — 1 1
17a 70 = . 6 R
17h 18 e =52 Rl 7
LOCALITY 154-B-41
1 20 s = 60
2a 15 o s S
2b ta S == 1
3 Severely weathered
4 oy e e 1 1
5 15 =5 e 4 10 10
6 15 = e 8 4 o
7 5 5 = 2 5 7
8 L =3 == s 3 1
9a 15 -2 o 12 -y 9
9l 5 A =t ) 8 11
10 15 i — 5 8 2
11 10 . ~= 1 2 1
12 15 £o% = 1 10 6
13a 25 e — 1 15 9
13b 10 e e e 15 8
14 5 = —— 2 2 2
15a 10 - 8 2 10 7
15b 15 . =55 2 10 9
16a 85 — i S = =5
16h 50 £ o 1 2 10
17 20 o S - 10 5
18 10 -5 T = 1 2
19 90 == e e 10 s
20 10 == 5 = 3 3
LOCALITY 154-B-42
1 20 15 - 2 40 8
2a 10 =5 =5 5 10 5
2h 10 e e 8 8 7
3 5 5 10 10 10 10

* Sample contains 2% rhodochrosite

DETERMINED BY X-RAY DIFFRACTION

| s = & = 2 90 3
5 10 ey e 10 2 6 635 8
6: 20 =35 e 3 1 60 —
6h K S S = 1 1 Q90 1
7 10 L e 5 2 8 60 13
8 e 10 e e G = 5 88 2
9 10 10 e e 8 10 50 11
10 10 e A5 £ 1 2 85 2
11 18 e 16 8 2 O 30 2
12 5 s 4. e 3 2 N5 O
13a 15 = 2% 5 5 5 60 9
13b 85 =5 = =L 8 - 5 o
14a 15 — i 5 ) 5 60 9
14b 70 Lo o 15 4 i 10 -
13 15 o -, 5 5 5 60 9
16 5 o e S 1 2 83 4
17a 10 10 = 5 ) 8 55 10
171 80 - = 5 5 1 10 s
18 10 == 200 5 1 8 70 5
19 5 5 oy —=; =5 1 90 2
20a 12 = 5 SE 1 9 70 4
20b 60 A = 5 - 2 25 =5
LOCALITY 154-B-43
la 10 -y — 12 —: 65 £l 8
LHAH . = = 5 1 8 78 2
2 S S =2 4 1 7 81 7
3 =5 .- LE A=) — 3 92 4
4 5 2 = = 3 12 76 4
5 12 = e 7 =2 4 75 3
6 _— ~— e 10 1 15 70 4
7a 25 2 2 10 e 10 50 -
7h 13 Iy, i i b 3 80 4
R ExE B 2 O 1 8 75 2
9 =5 =5 e =s 1 2 90 7
10 . - =3 7 10 70 12
1la 30 = 12 2 X 15 48 =
11h 20 - o 2 e 8 50 Z
lle 40 = 20 15 =2 25 = S
12 = 10 o - 3 12 70 4
13a 65 . s 18 = == 15 =
13h 50 2 e 23 4 a5 40 =
14 11 - = 4 1 8 70 4
LOCALITY 154-B-44
1 10 & . 3 20 - 65 A2 g
2a == 5 hates 2 4 15 65 ¥
2h = == o 5 2 10 80 1
3 8 i = 12 4 8 63 2
) 45 2 g S 5 10 40 =%
5 o o _— i o Lo 95 2
6 5 __ 2 5 1 10 70 9
7 T e 5 = == 8 90 3
8 10 o = N 5 10 60 8
9 5 — = 5 1 3 85 3
10 15 — g 10 5 6 60 6
11 = = = S 1 4 90 1
12a 5 - a2 3 2 12 08 10
12h 15 x o - 5 15 55 10
13 90 A (o= = 2 4 5 e
14 20 == e — 4 o 75 4
15a 20 — o= 5 2 10 50 8
15b 20 SR 2 5 2 10 55 10
16 10 s —= o L 1 85 2
LOCALITY 154-B-45
1 30 _— o 10 i 45 10 1
2a 8 e i 10 1 19 60 1
2b 7 = o 2 1 5 80 2
3a 15 ) ey 8 " 12 62 2
3t 5 22 2 e S 2 88 3
3¢ 10 = o 10 1 8 0 3
3d 6 = S 5 =25 1 €5 5
4 25 i =X 15 e 2 50 5
5 5 e —— 5 A 1 88
0 10 52 a2 10 2 15 55 5
7 Severely weathered
8 Covered
9 19 i Lo 15 2 20 34 .
10 10 = — 9 2 4 70 4
11 = o2 A 12 2 22 60 2
LOCALITY 154-B-46
2 Ay e e s =3 — 90 1
LOCALITY 109-B-15
1 5 == 5 = S 82 10 s
2a ot 45 — 30 — 20 — 3
2b = 20 5 15 2! g 00 3
3 5 e 5 15 1 25 50 4
4 N =2 R 10 . % 85 2
5 2 =2 = 15 2 15 65 5
6a e 5 i 15 2 15 50 10
6b = Sp e 10 1 5 80 1

_—

“* Sample contains 4% phosphate
#**Sample contains 3% rhodochrosite
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7 o o i 10 1 10 70 8 2 = 15 i 5 2 8 70 i)
8 i S £ 5 Vil 4 85 6 3 15 15 ZE 8 2 4 50 8
9 35 3 =5 15 = 10 35 2 4 10 5 i LE 3 4 75 2
10a 5 2% S 5 2 5 80 X 54 60 o EZ 35 ¥ 5 o 2 &
0h 10 8 2 16 e 12 52 5 5h 60 =¥ = 35 o 4 2 75
10¢ 5 2 52 5 3 7 75 Ll sc e o1 5 20 2 25 40 7
11 15 = 20 4 15 45 4 6 : 3 £ > o E1 90 1
7a 10 =i 15 10 4 15 50 11
7 2 S iE 7 3 8 2
LOCALITY 109-B-16 AR o = i g = " o <
9; 5 32 e 5 5 ( ;
f e e e gt T SRS S R R
2 - 25 15 - - 60 1 1 9¢ 15 s S 5 5 10 60 5
3 10 B =7 5 S 10 75 2 o 53 iz = o & 5 o {3
L == . o 7 e 87 2 11 10 ¥ bt 10 4 15 60 3
> - -- - ~; - —3 22 ? 12 30 & 5 20 3 30 10 o7
GREETER & bl SR P TN s S T O SR T R R R 3 o
8 e i = S 5 5 90 3
¢ N 5 5
T = o 1 o 12 % 2 LOCALITY 109-B-18
11 10 =7 7 10 3 20 55 2
12 25 E 10 20 o 30 10 e 2 - -- - - - 3 20 3
13 15 = Tl 25 4 15 35 2
LOCALITY 109-B-19
LOCALITY 109-B-17
2 = by P & = 20 80 ok
1 5 2 5 20 3 60 10 edl 3 20 S 28 e 25 40 40 )
D
APPENDIX IV
MICROFAUNAL ABUNDANCE!
) - 8 83,20 21,5 ,024 172 |
Hedbergella Hedbergella . 3 10 33,624 2320 lx 07 122 312 i 9183
Unit  amabilis brittonensis Others2 Totald  Gumbelina 12 12160 37584 %0 15,644 128
14 60,800 28,800 2,944 2,544 10,240
LOCALITY 154-B-40 ’ 7
2 26,444 1,928 1,560 29,932 493
5 33,664 2,688 1,792 38144 512 LOCALITY 154-B-44
7 41,344 2,048 256 43.64 : . ! ! i 5
i S Lhiea0 aies A3iees Lo o 11784 20440 2304 73728 9,344
1 24,960 1,280 Jious 27,208 4224 8 17,530 14,208 3,584 35,328 6,144
13 3,804 1,664 sad 10,502 A 10 10,240 21,400 1,020 33,560 7.120
15 76,800 8,832 3,304 87,936 33,792 12a 16,304 15,152 1,152 32,608 1,664
17b 31,701 4,211 1,623 37,535 Zidel 12b 14,651 11,980 11156 27,787 986
5 35,584 33,280 1,408 70,272 3,100
15h 20,480 18,204 512 39,196 3,100
LOCALITY 154-B-41 17 27,776 13,000 1,536 14112 4,096
2a 16,000 3,200 1,728 20,928 0
5 1,984 0 5,824 0
7 7,808 1,280 14,400 128 LOCALITY 154-B-45
7 256 7
oh }ggg 1,522 2&7;1483 e 3a 5,462 107 52 5,621 511
o B R R R
131 2,01 62 27, 2,042 ) ; 2 2 2
15:: 15,084 (3,2)26 29,906 6,848 10 48,384 2,944 1,152 52,480 3,582
15D 1.856 896 23,976 960 121 11,648 2,816 128 14,592 512
16 6,848 1,088 36,568 8,640 19b 38,400 31456 1,024 42,880 7,552
17 12,416 3,712 26,624 3.840
20 30,720 7,872 59,840 2,496
LOCALITY 109-B-15
LOCALITY 154-B-42 3 33,200 3,840 1,024 88,064 1,408
5 18,048 21176 1,152 21,376 6,400
2a 20,416 2,880 220 23,296 320 7 57,600 1,992 896 63,488 1,920
2h 12,160 25,176 704 38,040 64 9 80,640 3,456 640 84,736 128
3 20,608 31,680 960 53,248 10,240 11 39,740 5,748 1,119 46,607 4,001
5 12,800 12,032 1,024 25,856 3,712
7 13,013 2,940 41 2}.?93 ];4%.201
9 8,192 8,064 512 16,76 208 e
1 81462 4261 641 13,364 11,420 LOCALITY 109:B-16
13 7,680 39,936 2,816 50,432 3,328 5 37,488 2432 640 40,560 640
15 9,282 42,496 4,096 55,874 6,656 2 11600 31328 ses 45,696 212
16 17,152 41,472 4,352 62,976 5,376 9 49,896 6,912 896 57,704 17,664
18 46,592 109,066 4,096 159,754 99,940 11 50,026 8,042 962 59,030 8561
i3 5,641 2,712 1,620 91973 2113
LOCALITY 154-B-43
T LITY 109-B-1
2 48,256 4,736 256 53,248 1,280 OCALITX 109210
4 33,920 13,056 512 47,488 492 3 63,104 19,072 768 82,944 768
0 46,720 19,328 2,788 68,836 4,484 4 18,688 7.808 384 26.880 1,920
P CREIC ST 5 30,592 6,400 384 37,376 128
) i : " 7a 07,280 22,400 512 120,192 30,976
1Abundance values represent the number of specimens in a cubic centi- 7 40,576 14,592 1,024 56,192 20,352
meter of the 80-180 mesh separate or residue. Refer to Appendix V. ?-’l 35,584 18,944 1,664 56,192 40,960
! ! S 5 S 9c 41,961 14,511 3,620 60,002 32,426
2predominantly Clavihedbergella simplex Morrow. 1 63488 15.232 1352 83072 2688
3Total planktonic Foraminiferi, excluding Gumbelina. 13 2,624 576 64 3,264 256
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APPENDIX V

METHODS AND PROCEDURES

MAPPING PROCEDURE

The Waco sheet (U, S. Army Map Service, Corps of Ingincers,
Waco NHI14-3; scale 1/250,000, contour interval 50 feet) was enlarged
to 1/125,000 for use as a base map. In the northern hali of the area,
mapping was undertaken on 7% -minute quadrangle maps with a scale of
1/24,000 (contour interval 10 feet) and transferred to the base map.
Aerial photographs (1/20,000) were used in southern McLennan County.

Data for subsurface mapping were obtained irom electric logs of
approximately 150 wells; 68 key wells are listed in Appendix 1. The
isopach map (fig. 2) is based on surface and subsurface data.

CALCITE PERCENTAGE

A sample weighing 5 to 9 grams was pulverized (-80 mesh), weighed
and placed in a 250 ml flask, Dilute hydrochloric acid (10:1) was slowly
poured over the sample until vigorous reaction ceased. Acid was added
until the flask was filled; the reaction was allowed to continue for 24
hours, until all calcium carbonate was dissolved.

Ashless filter paper was weighed, the sample was filtered and washed
with 250 ml of distilled water, and dried at room temperature for 48
hours before being placed in an oven for 4 hours. The sample and filter
paper were weighed and the percentage of residue was determined.

CARBON PERCENTAGE

The residue from the calcium carbonate analyses on ashless filter
paper was placed in a weighed crucible and heated by a Fisher burner
for 1 hour. The crucible and sample were cooled to room temperature
and weighed, The weight of carbon, driven off as volatiles, was de-
termined and converted to a percentage value.

X-RAY PROCEDURES

Sampling.—Iivery observalle lithologic type was sampled. Where
the unit is greater than 1 foot, it was channeled and divided into 2 or
more overlapping units. Samples were selected to avoid intensely weathered
material.

Preparation.—Samples representing a large ve tical section  werce
thoroughly mixed. Samples were pulverized and sifted through a Tyler

sereen (200 mcsh_/in‘; .074 mm), and placed in a desiccator which
maintained a relative humidity of 50 percent for 48 hours.
X-ray procedure.—The samples (200 mesh and 50 percent humidity)
were x-rayed under the conditions following :
1. span- 2-36° 2 theta
2. speed- 2° 2 theta per min.
3. scale- 80
4, time constant- 3 sec.
5. scale factor- 30 K
Interpretation.—T wo methods are available to estimate the approxi-
mate mineralogic composition of bulk samples from X-ray diffraction
patterns : (1) prepare and run a suite of known compounds, comparing
their patterns with unknown patterns, or (2) determine the percent of
calcium carbonate of each sample by insoluble residue method, compare
the known percent to the intensity of the calcite diffraction line, and
estimate the percentage of other constituents by relative comparison of in-
tensities with the calcite diffraction line. The latter method was adopted.

MICROFAUNAL ANALYSIS

One hundred grams of sample were boiled and washed through 34.
80 and 180 mesh Tyler screens. Foraminifera were absent in the 0-34
and 34-80 mesh separates.

Foraminifera in a cubic centimeter of the 80-180 mesh separate were
counted ; population counts were made of each species in the sample.
Cubic centimeter samples containing abundant Foraminifera were split
Iy microsplit technique into fractions, such as 1/2, 1/4, 1/16, and the
microfossils in the fractional sample were counted and converted to a
one cubic centimeter equivalent by multiplying x2, x4 or xl16. All

microfaunal abundance data on figures 4-11 are individuals xlﬂa/cm, of
the 80-180 mesh residue. Precise population figures for each species are
meiuded in Appendix T'V.
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Reptile charts—Comparison of flying and swimming rep-
tiles. $0.10 each. Comparison of the dinosaurs. $0.10 each.
Guide to the mid-Cretaceous geology of central Texas,
May, 1938. $4.50 per copy.

LLocation map of logged wells in McLennan County, 1959.
1”7-1 mile, §7.50 per copy.

Layman’s guide to the geology of central Texas, 1959,
Out of orut.

Collector’s guide to the geology of central Texas, 1959.
Out of print.

One hundred million years in McLenncn County, 1960.
Out of print.

Cretaceous stratigraphy of the Grand and Black Prairies,
1960. $5.00 per copy.

Popular geology of central Texas, west central McLennan
County, 1960. Out of print.

Popular geology of central Texas, Bosque County, 1961.
$1.00 per copy.

Popular geology of central Texas, northwestern McLennan
County, 1961. $1.00 per copy.

Popular geology of central Texas, southwestern McLennan
County and eastern Coryell County, 1962. $1.00 per copy.
Upper Cretaceous and Lower Tertiary rocks in east central
Texas, Fred E. Smith, Leader, 1962. $1.00 per copy.
Precambrian igneous rocks of the Wichita Mountains,
Oklahoma, Walter T. Huang, Leader, 1962. $1.00 per copy.
Why teach geology? A discussion of the importance and
cost of teaching geology in high schools, junior colleges
and small 4-vear institutions. Free upon request. 27 pp.

(1961)
Baylor Geological Studies

Holloway, Harold D. (1961) The Lower Cretac ous Trinity
aquifers, McLennan County, Texas: Baylor Geological
Studies Bull. No. 1 (Fall). $1.00 per copy.

Atlee, William A. (1962) The Lower Cretaceous Paluxy
sand in central Texas: Baylor Geological Studies Bull. No.
2 (Spring). $1.00 per copy.

Hennngsen, E. Robert (1962) Water diagenesis in
Lower Cretaceous Trinity aquifers of central Texas:
Baylor Geological Studies Bull. No. 3 (Fall). $1.00
per copy.

*Publications available from Baylor Geological'Socie(y or
Baylor Geological Studies, Baylor University, Waco, Texas






