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GEOLOGY OF WACO SPRINGS

QUADRANGLE, COMAL COUNTY, TEXAS

ABSTRACT

Youthful karst topography and entrenched drainage are two

conspicuous geomorphic aids in interpreting the geologic history of

the Waco Springs quadrangle. Three high angle, dip slip strike

faults of the Balcones system, displaced toward the coast, have off

set all, and exposed most, of the southeastward dipping Comanchean

and Gulfian rocks. Broad shallow anticlines are created by a "reversal

of dip" on each downthrown fault block. Waco Springs, located in the

southwestern part of the map area, has a separate groundwater reser

voir from the remainder of the quadrangle, and its discharge is de

pendent on rainfall concentrated in central Comal County.
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INTRODUCTION

The Waco Springs quadrangle includes a critical area along

the Balcones fault system. Because previous geologic work has been

of the reconnaissance type this report presents new and detailed geo-

morphic, stratigraphic, structural, and hydrologic information con

cerning the important transition from the Edwards Plateau to the Gulf

Coastal Plain.

LOCATION

The Waco Springs quadrangle lies in the eastern part of Comal

County in south central Texas (Fig. 1). Meridians of west longitude

9805' and 98 10* bound the five minute quadrangle on the east and west.

Parallels 2 945{ and 2 950 north latitude form the south and north

limits. Approximately twenty-nine square miles constitute the total

area.

New Braunfels, situated at the confluence of the Comal and

Guadalupe Rivers, is the principal town and seat of Comal County. It

lies four miles south of the area's southern boundary. From this hub

emerges an extensive network of federal and state highways and farm-

to-market roads. The most favorable sources of access to the Waco

Springs quadrangle originate here.
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ACCESSIBILITY

Two northward trending highways from New Braunfels pass

through the map area (Fig. 2).

First, the Mariental Road, now Farm Road 306, bisects the

less dissected eastern half of the quadrangle. Its ascent from the

prairie to the general level of the plateau is broken by a series of step-

like fault-line scarps. Various trails and ranch roads branch to the

east and west from Farm Road 306 into remote regions.

Second, the River Road, paralleling the bed of the Guadalupe

River, meanders across the area's western sector. Its course is along

the Guadalupe Canyon which is noted for its depth and striking appear

ance. The splendid rock exposures present a complete geologic section

of the map area. All year service is offered except during infrequent

floods. Although few useful trails or paths for vehicles extend from

the River Road, there is good accessibility by foot to all of the river's

tributaries. In these subordinate stream valleys are many well de

fined outcrops.

The Old San Antonio Road, Farm Road 1102, on its course from

New Braunfels to San Marcos, adjacent to the Balcones escarpment,

passes through the extreme southeast corner of the quadrangel. This

historic route offers access to the east central part of the map area by

means of the Alligator Creek Road. This surfaced road intersects the
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former four miles southwest of Hunter, Texas. From this point of

intersection, the Alligator Creek Road extends three miles northwest

to connect with Farm Road 306, and in this approach crosses, at right

angles, the strikes of most of the geologic units and faults of the area.

Tracks of the International & Great Northern (Missouri Pacific)

and Missouri, Kansas, and Texas (Katy) railway systems generally

parallel the Old San Antonio Road on its route through the Waco Springs

area. Neither railroad operates a station or siding within the quad

rangle's limits, but a freight and livestock loading site is present im

mediately south of the quadrangle where the Missouri, Kansas, and Texas

railway crosses Farm Road 306.

Because of the random orientation and poor areal coverage of

the numerous unpaved trails and ranch roads many localities are not

readily accessible. Nonetheless, where available, these routes offer

year round service except following intensive rains. Their passage over

rough limestone surfaces does not impede most types of vehicles.

PURPOSE OF INVESTIGATION

Four graduate students of the geology department of The University

of Texas completed field work in the vicinity of San Marcos and New

Braunfels, Texas, from 1954 to 1956, under the supervision of Professor

Keith Young. During the summer of 1956 field mapping was carried out

in the Waco Springs quadrangle. The findings were compiled in the form
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of a detailed geologic map (PI. 1). Comparable studies have been

completed by DeCook (1956) and Noyes (1957) in the San Marcos

vicinity. King (1957) has similar work in progress near New Braunfels.

In south central Texas several prominent geological conditions

exist which this writer, in conjunction with each of the above authors,

has attempted to interpret in his particular area. The stratigraphy of

the Washita group of the lower Cretaceous Series is strongly influenced

by the San Marcos platform. In addition, later complex disturbances

within the Balcones fault zone has step faulted these and all Cretaceous

beds down toward the coast creating a repetition of the geologic section.

Finally, the structural features and related stratigraphy of the

Edwards and Glen Rose limestones has resulted in the development of

a vast groundwater reservoir. The combination of these factors, all

of which are well defined in the Waco Springs quadrangle, was decisive

in the choice of the area for investigation and study.

PREVIOUS WORK

For over 100 years various authors have reported observations

in the general vicinity of the Waco Springs area, but only in the past ten

years has any comprehensive geology been completed.

The earliest worker here, as well as in Texas, to make any

significant contributions was a visiting German scientist, Dr. Ferdinand

Roemer (1846, 1848, 1849). From 1845-1847 Roemer traveled over
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Texas observing and describing the geology. Much of this work he

undertook in the region of New Braunfels and within the present

boundaries of the Waco Springs quadrangle. In the bed of the Guadalupe

Canyon Roemer (1852) described the groups of rocks later designated

Fredericksburg and Washita. His work with the fauna from these beds

was extensive.

Taff, while making a geological reconnaissance for the State of

Texas along the Balcones escarpment from Uvalde to Austin in 1891-92,

examined the vicinity of the Waco Springs. A report from this survey

was never published, but part of his fossil collection is presently in the

possession of the geology department of The University of Texas (Keith

Young, personal communication, 1957).

A report on the geology of the Edwards plateau and the Rio Grande

plain adjacent to Austin and San Antonio, Texas, was made by Hill and

Vaughan (1898). In this report the existence of fissure springs of the

Guadalupe and Comal Rivers near New Braunfels is discussed.

Professor F. L. Whitney of The University of Texas supervised

student field mapping in Comal County and in the area of the Waco

Springs from 1925 to 1935. No formal report was made but photographic

negatives of the maps compiled from this work are on open file at the

Bureau of Economic Geology of The University of Texas. They and the

dates of preparation are as follows: Boerne (1956), Bracken (1956), Leon
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Springs (1956), Smithson Valley (1956), Hunter (1957), New Braunfels

(1957), S. E. Blanco (1957), and S. W. Blanco (1957).

Contributions to the geological knowledge of the Waco Springs

region have been made by several graduate students of Texas University

from 1930 to 1937.

Eifler (1930) observed the Edwards formation in the Guadalupe

River while making a study of the occurrence of that formation in the

Balcones fault zone in central Texas.

North and west of the map area in Comal County Home (1930)

measured sections and discussed the stratigraphy of the Walnut formation.

Cronin (1932) reported on observations of an Edwards, Georgetown

erosional interval in southern Comal County.

In this same vicinity Hatfield (1932) made a study of the Eagle

Ford-Austin contact.

Fossils for a faunal study of the Glen Rose formation were de

scribed by M. I. Whitney (1937) from localities near Sattler and other

points northwest of the quadrangle.

Sayre and Bennett (1942) in a discussion of the reservoir charac

teristics of the Edwards limestone, cite work in eastern Comal County.

This information is pertinent to the groundwater problems of the Waco

Springs. The most complete paper to date on the geology and ground

water resources of Comal County, Texas, was compiled by W. O. George
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(1952). Many of the observations and studies made in his report

were from the map area under discussion. ,

Mason and Johnston (1956) give a history of subsurface in

vestigations and leakage conditions of the proposed dam sites for

Canyon Reservoir on the Guadalupe River. A large part of the pre

liminary work performed on this project, Canyon Dam site, sites A,

B, and D, was in the western half of the Waco Springs quadrangle.

The location of the original site was about one mile upstream from

Waco Springs (PI. 3).

A study of water losses on the Guadalupe River upstream from

the Waco Springs and the origin of the groundwater issued from these

springs is being conducted by J. R. Barnes (1957).

METHODS OF INVESTIGATION

Stereo-pairs and a mosaic of air photographs from flight strips

flown in 1936 by Tobin Aerial Surveys were used for a surface study

of the area before field work was undertaken. This preliminary location

of access, outcrops, and structural trends reduced field time appreciably.

All features observed in the field were sketched on the photographs and

later transferred to the base map.

The base for the geologic map of the Waco Springs quadrangle

is an enlargement of a U.S. Corps of Engineers topographic sheet

(1933) of the Hunter, Texas, area. The scale is five inches to the mile.
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Additional map references are: (1) geological map of Comal County,

Texas (George, 1952), and (2) General Highway Map of Comal County,

Texas (Texas State Highway Department, 1954).

A special aerial photograph was used to facilitate a study of

the complicated structure and its relation to the movement of ground

water at Waco Springs. Photo number BQU-4R-50 with a scale of

12 inches to the mile, 1938 coverage, was purchased from the Commodity

Stabilization Service of the U.S. Department of Agriculture.

Transportation for field investigations was by automobile where

access permitted, otherwise by foot.

The dip and strike of the geologic units and the orientation of

their joint systems was determined with a Brunton compass. In

measuring the thickness of these units a six foot steel tape, Jacob's

staff, and hand level were used.

Photographic illustrations appearing in this thesis were taken

with an Argus C-3 camera using Kodak daylight type color safety film.

CLIMATE

From Koeppen's classification, based on temperature and pre

cipitation, the climate of south central Texas is designated Cfa

(Haurwitz and Austin, 1944, pp. 146-150). This type of climate has

mild winters with the coldest month between 64. 4 F. and 26. 6 F.

and the warmest month above 71. 6 F. It is humid middle latitude
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with rain all year round. The dryest month receives more than

1.2 inches of rainfall.

The nearest reporting weather station to the Waco Springs

quadrangle is operated by the United States Weather Bureau at New

Braunfels. Rainfall data has been recorded at that station over a

69 year period. Monthly rainfall measurements for the past 30 years,

which correspond approximately with the period groundwater data is

available, are shown in Table 1.

From a study of the U.S. Weather Bureau reports for Comal

County the average annual rainfall from 1889 to 1957 is 30. 73 inches.

The lowest recorded annual rainfall, 10. 12 inches, was in 1954, with

the highest of 60.2 1 inches in 1919. Rainfall is evenly distributed

over the year with a slight maximum in the spring.

The mean annual temperature is 68.4 F. Winter and summer

mean temperatures vary from a mild 51. 5 F. in January to a hot

83. 7 F. in July. The lowest temperature on record is 2 F. in 1949

and the highest is 110 F. in 1952. Extreme diurnal temperature

changes are frequent in the winter months when as much as a 40 F.

change occurs in a 24 hour period.

Although killing frosts have been recorded as early as November

and as late as April, the average growing season is nine months. Be

cause of the notable differences in elevation of the land surface a shorter
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season occurs in the uplands. Periodic invasions of polar air, col

loquially termed "northers,
"
are responsible for the brief freezes.

This air sweeps southward across Texas during the winter months

modifying the normally mild weather for several days at a time.

Two meteorological phenomena are chiefly responsible for the

rainfall. First, accompanying the outbursts of cold northern air are

frontal activities which in winter usually set off widespread and uniform

precipitation. These fronts form as the more dense air knifes under

and forces aloft the lighter humid air carried by the prevailing south

east winds off the Gulf of Mexico. From April to October when the

continental effect of the Great Central Plains of the United States

modifies or completely blocks these cold air masses, rainfall is de

rived predominately from a second source, thunder showers. During

this season moist Gulf air moving out of the Bermuda High in the

* Caribbean region flows clockwise in a northwestwardly direction into

a low pressure cell located over the southwestern United States. As

this unstable moist air moves inland, heating of the earth's surface

causes widespread convective cloudiness and instability showers.

In the area of New Braunfels and Waco Springs the Balcones

escarpment is very prominent, rising 600 to 700 feet above the prairie

to. the southeast. Acting as an orographic barrier to the prevailing

winds, this abrupt break in the terrain forces the Gulf air to rise suf

ficiently to allow adiabatic cooling, condensation, and precipitation.
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This creates in the area adjacent to the eastern margin of the Edwards

Plateau heavier than normal rainfall.

LOCAL HISTORY

The economic and cultural development of Texas has been

greatly enhanced by its geology. This is especially true along the

Balcones Fault system where an elaborate series of fissure springs

occur. In conjunction, geological conditions of outcropping rocks give

rise to a thriving agricultural setting. Indian tribes such as Waco,

Lipan, and Tonkowa took advantage of these natural features and were
A

residing in the area of New Braunfels and the Waco Springs at the ad

vent of the Spanish explorers in the early sixteenth century.

The earliest of these explorers, some historians believe, may

have been Cabeza de Vaca, who crossed the escarpment here in 1535

on his way west. Domingo Teran de los Rios, the first provincial

governor of Texas, skirted the southern edge of the escarpment near

New Braunfels in 1691 as he blazed the Camino Real. This direct

route from Monclova, then capital of the province, to the Spanish

Missions among the East Texas indians, is now called the Old San

Antonio Road. From 1691 to 1756 various Spaniards crossed this area

proceeding to East Texas to establish other missions. Pedro de Rabazo

y Teran explored here for a possible mission site. An official mission,
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Nuestra Senora de Guadalupe, was in operation in 1755 near Mission

Hill.

The Mainzer Verein, organized in Germany in 1844, was a

group set up to promote German colonization to Texas. Prince Carl

of Solms -Braunfels commanded the first contingent of immigrants who

arrived in Texas that same year. In the spring of 1845, New Braunfels,

named for the home town of Prince Carl, was founded.

Waco Springs, four miles above New Braunfels near the first

ford on the Guadalupe River, was settled by six families in 1847. The

springs were named for the Waco Indians who, for years, had frequented

the place. This site was used for a sawmill and gristmill. Today it is

included in the estate of R. J. Gode. Various spellings of the name Waco

have been used; but a search of the literature, county records, and per

sonal interviews show Waco to be correct (Oscar Haas, personal com

munication, 1957).

A very complete description of the Waco Indian camp was re

corded by Roemer (1846, pp. 146-149) while on a reconnaissance out from

the new colony of New Braunfels. He discusses the geology, topography,

vegetation, and the springs. Also at this locality (1852) he collected

fossils from the Fredericksburg and Washita beds which he later described,

naming at least fourteen species.

Gruene, situated on the bluffs of the Guadalupe River at its

junction with the Old San Antonio Road, and just south of the Waco Springs
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quadrangle, was settled in the early 1850s. About the same time

Buffalo Springs and Sattler, both upstream from Gruene, the latter

about ten miles, were settled. These settlements sprang up as people

from New Braunfels spread out along the river where water and

timber were plentiful.

Jacob de Cordova pioneered and surveyed much of this section

of Texas from the 1840's to the I860' s. Several local geographic

features such as Jacob and Isaac creeks and Cordova Hollow were named

by him.

Col. E. M. House, a noted state and national political figure,

included what is now the northeastern section of the quadrangle as part

of his extensive ranch and farm lands in the Hunter, Texas, area.

Rail communications were introduced in 1879 by the International &

Great Northern railroad. A station several miles south of the quad

rangle at Goodwin was used for many years but is now closed. In 1901

the Missouri, Kansas, and Texas railway laid a forty-six mile track

between San Marcos and San Antonio through Gruene.

The Waco Springs quadrangle today, as in the past, has an

economy based on agriculture. Ranching, with minor amounts of

farming, is the main source of livelihood for the few inhabitants. Pri

marily a cattle country, recent drought conditions have brought about a

marked increase in the sheep and goat industry. The Canyon Dam, now
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under construction at a site two miles north of Sattler, will insure

the future of the area. It will not only control floods on the Guadalupe

River, but will impound a vast amount of water and serve as a future

source of hydroelectric power.
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GEOMORPHOLOGY

Two of the major physiographic provinces of Texas, the

Edwards Plateau and the Gulf Coastal Plain, meet in the Waco Springs

quadrangle. The Balcones escarpment separates the two in the south

eastern corner of the area. In addition to these major provinces, two

smaller divisions can be recognized, the Guadalupe River and Tributaries

and the Lower Hill Country; both subdivisions of the Edwards Plateau.

GULF COASTAL PLAIN

The Gulf Coastal Plain is present only in the extreme south

eastern part of the quadrangle. It is a gently rolling prairie at an

average elevation of 650 feet. The surface is exposed clays of Upper

Cretaceous age. Stream erosion on these weak beds produces a fiat

surface which contrasts with the rugged face of the Comal Springs fault-

line scarp to the northwest.

A mature, residual, pedocal soil has developed on this low-relief

surface. Much of this fertile soil is covered by a thin veneer of gravel

deposited by streams outwashing onto the prairie.

GUADALUPE RIVER AND TRIBUTARIES

The perennial Guadalupe River heads in Kerr County, 100 miles

to the west of the map area. It flows in a southeasterly direction to and

through the quadrangle where it is deeply entrenched in the Edwards

18
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Plateau. The Guadalupe and its tributaries drain all of the quadrangle

except the northeastern and southeastern sectors where the watershed

separates the Guadalupe's drainage from that of York and Alligator

creeks of the San Marcos River Basin.

Numerous streams, most of which are intermittent, are

tributary to the Guadalupe River. Of these, Elm and Isaac creeks are

more important, not only because of greater catchment area, but be

cause of the stage of development. They are more closely related to

the initial fluvial cycle of the river than to that of the other tributaries.

These other creeks are controlled by the joints and faults developed

during Balcones faulting and have a trellis drainage pattern. A maxi

mum surface relief of approximately 500 feet gives ail of the tributaries

steep gradients and powerful degrading ability. Gradients of the larger

tributaries vary from 30 to 80 feet per mile compared to a 10 feet per

mile gradient of the Guadalupe River.

Following the termination of Cretaceous deposition and the

formation of a drainage system on the newly uplifted surface, an

ancestral drainage came into being. It drained generally the same area

and was oriented in the same direction as today. During the time of

youth and maturity, and into old age, this drainage locally eroded

through the softer Upper Cretaceous cover. It eroded also in a meander

ing fashion into Washita rocks and, in places, perhaps eroded as deep



20

Pi. 2. High terrace deposit capping the Edwards

Plateau, exposed along Farm Road 306, near the north

boundary of the quadrangle. It consists mostly of

rounded and chatter -marked chert pebbles and cobbles,

and sand. Lying at an elevation of 1060 feet, this

gravel is more than 400 feet above the present level of

the Guadalupe River.
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as the Edwards limestone. River terrace deposits (PI. 2), pre

dominately gravels, are presently situated as topographic highs on

the Edwards Plateau. They suggest the widespread influence of

this drainage at and following the onset of the Balcones faulting, re

sulting, finally, in a wide surface of low relief.

Subsequent rejuvenation, related to uplift and faulting, pro

vided a new baselevel and caused the Guadalupe River to begin rapid

downcutting, entrenching itself in the meanders of the previous drainage.

Two meandering tributaries of the main stream, Isaac and Elm Creeks,

also began entrenching themselves at this time.

Evidence for several cycles of downcutting can be seen along

the Guadalupe River. A well developed nick or shoulder at the top of

the canyon marks the beginning of the major cycle of rejuvenation and

the initiation of a valley-in-valley form (PI. 3). This shoulder, offset

2 00 feet by the Bat Cave fault, established the fault as post major re

juvenation. At least five paired terraces, averaging 20 feet high, are

well developed on the slip-off slopes of the meanders (PI. 15). These

show a progressive decrease in grain size upward through the various

beds, ranging from boulders, four feet in diameter at the base, to

silt in the upper limits. The river has cut, in turn, through each of

these terraces and is in the process of forming its present flood plain.

Upstream from the Bat Cave fault, the river has developer wider
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PI. 3. View southeastward and downstream

along the Guadalupe River at the approximate

location of the original Canyon Dam site. The

cliff rising above the vegetation in the upper

right corner marks the position of the Waco

Springs fault-line scarp, and the boundary be

tween the Edwards Plateau proper and the

Lower Hill Country subprovince. The large

pecan and cypress trees in the foreground are

supported by one of the cyclic river terraces.

The photograph was taken from the shoulder of

the Guadalupe Canyon below which the river has

entrenched itself.
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meanders and more extensive terraces where its eroding course

passes over the less resistant Glen Rose limestone.

EDWARDS PLATEAU

East of the deep breaks of the Guadalupe River and north

of the Waco Springs fault lies the Edwards Plateau proper. It has a

flat to gently rolling surface standing above the surrounding terrain.

The average elevation ranges from 900 feet south of the Bat Cave

fault to 1050 feet north of the fault.

Thornbury (1954, p. 137) describes the Edwards Plateau as

a well known example of a structural plateau. Downfaulting of younger

rocks to the southeast has left the plateau somewhat isolated as a

tableland capped by the resistant, flat lying Edwards limestone along

the margins of the upthrown fault blocks.

Distinctive of the plateau are karst features; however, they

do not dominate the landscape. These features represent the youthful

stage of development of karst topography. All of the conditions essential

for karst development are possessed by the Edwards limestone. It is

a thick sequence of relatively thin-bedded, compact, highly jointed

limestone. High permeability has resulted from solution along the

numerous bedding planes and joints and fractures. Also, rapid en

trenchment of the Guadalupe River, to a depth of 500 feet below the

upland surface, was sufficient to lower the water table and induce
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solution by vadose water. Moderate to abundant rainfall, as evi

denced by past downcutting and deposition of the Guadalupe River,

completes the necessary conditions.

Removal of younger sediments overlying the Edwards lime

stone, and uplift above base level of this limestone terrain on which

fluvial erosion was in progress, initiated the karst cycle. Because

of precipitation being immediately absorbed by the permeable rock,

little surface drainage was developed on the high wide divide, termed

a karst plain.

Features typical of a youthful karst cycle are present and

well preserved on the Edwards Plateau. Sinkholes (PI. 4), in align

ment along fault zones, have resulted from solution of the underlying

beds. Sudden or erratic changes in dip from the nearly horizontal

attitude of the limestone and closed depressions are used as evidence

for locating these sinks.

On the moderate to gentle slopes of the plateau, surface,

or near surface solution of the Edwards limestone, by descending

groundwater, has left a residue of red, clayey soil, called terra

rosa, mantling the surface. Quite commonly, this clayey soil is

washed into sinkholes and forms an impervious lining which will re

tain water for several weeks at a time, after rainfall, at an elevation

much higher than the surrounding water table. The color of terra
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PI. 4. View southward of a sinkhole on the

Edwards Plateau just west of Farm Road 306, one

mile north of the Bat Cave fault. This sinkhole,

covering about five square acres, is reported to

have never been dry. It is situated in the Edwards

limestone more than 300 feet above the existing
groundwater table.
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rosa results from a residual iron oxide concentration built up over

a period of time. Iron, an insoluble impurity in the limestone, was

left behind to accumulate as calcium carbonate was dissolved out by

chemical weathering. Where this residual soil has been carried

away by erosion, jagged remnants of limestone, to which the name

lapies has been applied, are exposed. Where these limestone remnants

have been continually exposed to rainwater, minute fluting of the surface,

known as karren (PI. 5), is well developed. Insoluble chert pebbles,

bearing no evidence of fluvial transportation, and siiicified fossil casts,

are numerous in the soil. These two features substantiate the residual

nature of the soil.

Subterranean caverns are present, and several of large ex

tent have been observed. Core tests conducted by the U.S. Corps of

Engineers in 1938 on the Bretzke ranch, near Waco Springs, showed

that a porous and cavernous condition existed throughout the 237 feet

of Edwards limestone penetrated (Johnston, 1956, p. 2). Also, the

247 feet of Edwards limestone measured by A. P. Noyes and the writer

(PI. 8) in the Guadalupe Canyon, immediately upstream from the Waco

Springs fault, illustrates a similar situation (appendix).

A recently completed quarry in the Edwards limestone on the

Alligator Creek Road, just northwest of the Waco Springs fault, shows

well the effects of solution (PI. 16). Calcite and iron oxide stains have
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Pl. 5, A typical flat surface of Edwards lime

stone exposed to weathering. The well developed

karren result from the weathering action of rain

water.
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been deposited extensively by percolating meteoric water in solution

cavities along joints and bedding planes to 80 feet below the surface

of the ground.

LOWER HILL COUNTRY

The strip of upper Comanchean and lower Gulfian rocks ex

posed between the Comal Springs and Waco Springs faults is designated,

by the writer, the Lower Hill Country. These strata have been pre

served by northwest tilting of the downthrown fault block on which

they lie. They occupy elevations from 640 to 900 feet, the average being

about 750 feet above sea level.

Each formation has developed a weathering pattern which

usually aids in field mapping. The Edwards limestone makes up about

half of the surface of this region. It has much the same appearance as

on the Edwards Plateau, except for an extensive vegetation cover.

Most of the remaining half of the surface is made up of Washita strata.

Along the strike of the Del Rio clay the overlying limestone has been

locally removed, leaving flat, elongated clearings (Pi. 6). These,

termed "string prairies,
"
make up the major part of the cultivable

farm land in the quadrangle. Where this overlying Buda limestone is

still present small hills develop, supporting dense vegetation. Toreva

blocks capped by the basal Buda formation are common. These, and

other landslide blocks often conceal the contact. They are also mis-
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Pi. 6. Northward view of the Del Rio-Buda

contact on the downthrown side of the Bat Cave

fault one mile west of Farm Road 306, The

gently sloping field in the foreground is the

Del Rio clay. A change in relief and the tree

line in the background marks the base of the

Buda limestone. On the skyline the Buda and

Edwards limestones are in fault contact.
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leading in suggesting, by their random attitude, structural move

ment. Where a complete section of Buda limestone is present it

is commonly covered by a few thin beds of Eagle Ford shale. The

shale weathers to a flat clayey surface similar to that of the Del

Rio clay, and in the absence of fossils, distinction between the two

formations is difficult.

Streams in this region originate on the face of the Waco

Springs escarpment and are controlled entirely by the local structure.

They have, in their youthful stage, eroded downward, laterally, and

headward, effecting a retreat of the original fault scarp. This raked

or shredded appearance is typical of a fault-line scarp. On reaching

the general level of the Lower Hill Country, most of the streams turn

ninety degrees to flow southwestward parallel to the trend of the

major joints and faults. Occasionally, subordinate fractures, normal

to the major trend, will deflect a stream from one prominent fracture

to the next.



STRATIGRAPHY

CRETACEOUS SYSTEM

Two series make up the Cretaceous System in Texas (Fig. 3).

They are the older Comanche Series and the younger Gulf Series

(Adkins, 1933, p. 269). The Comanche is made up of the Trinity,

Fredericksburg, and Washita groups. Formations of the Comanchean

are represented in the Waco Springs quadrangle. In the map area, the

Gulf Series includes the Eagle Ford, Austin, and Taylor formations.

For a detailed study of the stratigraphy and nomenclature of the units

in Hays and Comal Counties, the reader is referred to Noyes (1957).

Comanche Series

Trinity Group
t^

Glen Rose limestone. r-This formation is the only repre

sentative of the Trinity group in the Waco Springs quadrangle. Down-

faulting along the Bat Cave fault, and subsequent deep entrenchment

of the Guadalupe River have exposed the upper Glen Rose limestone

to a maximum depth of 150 feet. Total thickness of the Glen Rose is

approximately 600 feet at the outcrop in Northern Comal County.

Lithologically the Glen Rose is a calcareous formation and

of the neritic facies. It consists of thin to medium bedded, hard,

yellowish wliite to white, continuous limestone, alternating with

31
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calcareous clay and clayey limestone. This difference in consistency

produces a series of erosional benches on hill slopes or local caverns

in cliffs, where differential erosion has removed parts of the less re

sistant beds. The latter feature is well illustrated in the undercut

banks of the Guadalupe Canyon upstream from the Bat Cave fault (Pl. 7).

Fredericksburg Group

Walnut clajy. --The Walnut formation, a calcareous clay or

sandy clay, conformably overlies the Glen Rose limestone, and as the

basal unit of the Fredericksburg group marks the change from alter

nating clay and limestone of the Glen Rose formation to the massive

beds of the Edwards limestone. The clay is easily recognized by its

buff color, fissile structure, calcite concretions, and abundance of

Exogyra texana.

In the Waco Springs quadrangle the only exposures of Walnut

clay occur in the Guadalupe Canyon and its major tributaries, upstream

from the Waco Springs fault. Along its outcrop the clay maintains an

average thickness of six feet. To the northeast in the Purgatory Creek

quadrangle Noyes (1957) reports 19 feet of Walnut clay. Home (1930,

p. 39) states that on Bear Creek, about five miles west of the map area,

the Walnut clay is absent and the Edwards limestone directly overlies

the Glen Rose formation. This suggests a rapid thinning of the Walnut

formation to the south and west of the Waco Springs quadrangle.



PL 7.. A northward view of a 300 foot high
undercut bank of the Guadalupe River just up

stream from the mouth of Deep Creek. Exposed
in the cliff from bottom to top are: Glen Rose

limestone, Walnut clay, and Edwards limestone.

The vegetation band half way up the cliff is sup

ported by the Walnut clay. The cultivated sur

face in the foreground is a river terrace.
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Edwards limestone. This formation conformably overlies

the Walnut clay. Their contact is readily identified by a sudden

change in lithology from clay to the massive, basal Edwards biostromes.

Also the contact appears undulating because of slight downward dis

placement of the Edwards limestone along well developed joints which

continue from the basal Edwards into the underlying clay.

Much of the surface of the Waco Springs quadrangle is made

up of outcropping Edwards limestone. Numerous faults have pro

gressively downfaulted the Edwards southeastward until every part of

the formation is exposed somewhere within the map area. The esti-

mated total thickness locally is 350 feet. The writer, in conjunction <*'**

with A. P. Noyes, measured from the base of the limestone a 247 foot

continuous sequence, along the Guadalupe Canyon immediately upstream

from the Waco Springs fault. Noyes, from a detailed study of this

section, has divided it into seven lithic members which he is able to

correlate with the Edwards section in the Purgatory Creek area.

The lower part of the olive grey to greyish white Edwards

limestone is composed largely of reefs which are extensively honey

combed and permeable, and serve as an aquifer (Pl. 8). Because of

its hard, brittle nature, this section is quarried for road ballast. The

middle of the Edwards limestone is conspicuous by the occurrence of

chert nodules throughout. It is relatively thin bedded and unfossiliferous.



Pl. 8. A 100 foot exposure of lower Edwards

limestone on the west side of the Guadalupe

Canyon, one mile downstream from the Bat Cave

fault. The Edwards -Walnut contact lies just

above the water level in the lower left foreground.
The basal Edwards is a porous and permeable

reef series which serves as an aquifer.
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The upper part of the Edwards contains alternating beds of fossili-

ferous, calcareous clay and limestone. The very top of the formation,

exposed at a number of localities in the map area, is marked by a

very hard limestone containing abundant species of Toucasia (Pl. 12).

Washita Group

Georgetown limestone. --Beds of Georgetown limestone are

reported by Cronin (1932) to unconformably overlie the Edwards lime

stone in Comal County. In the Waco Springs quadrangle the only evi

dence suggesting this unconformity is a corrosion surface developed on

the top of the Edwards limestone, and a distinct change in lithology

and paleontology of the overlying Washita rocks.

Generally, the Georgetown occurs only where reverse dip

along the northwest side of the downthrown fault blocks has dropped it

and the younger Washita rocks to protect them from erosion. There,

also, the Georgetown remains covered except where local streams

have stripped off the overlying beds. The only complete exposure of

the limestone in the map area is a 25 foot section in the Guadalupe

River bed east of Waco Springs (Pl. 15). (See Appendix. )

The Georgetown, except for several thick, compact,

crystalline beds in the middle of the section, is a grey to yellowish

grey, iron-stained, nodular, thin-bedded, fossiliferous fine -grained

calcarenite. At poor exposures, where formationai markers are not



38

present, the Georgetown may be confused with both the Buda and

Edwards limestones.

With abundant species of Gryphaea occurring throughout,

the lower part of the formation is identified by Alectryonia sp. and

Exogyra americana, and the top by the distinctive Kingena wacoensis.

This latter fossil dominates a clayey linnestone bed which grades upward

into a calcareous clay of the basal Del Rio formation.

The Georgetown commonly weathers to a gently sloping,

rough surface containing little soil and supporting mainly cedar and

small oak.

Del Rio clay. --The calcareous clay of the Del Rio formation

is easily distinguished from either the older Georgetown or younger

Buda limestones. Both the upper and lower contacts are conformable.

The estimated thickness of the clay throughout the quadrangle is

30 feet. A complete section is never found, and usually the lower contact

is covered by outwashed clay whereas the upper is disrupted by toreva

and other landslide blocks of the basal Buda limestone.

The basal Del Rio is readily identified by countless numbers

of Exogyra arietina, some of which are cemented to form beds one to

two feet thick. Because the clay is homogeneous, and the yellowish

brown color continuous throughout the section, stratigraphic position

within the formation is difficult to determine. Where exposed, the
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clay weathers to a gently sloping surface which is tillable. The im

pervious clay is utilized for the construction of surface reservoirs or

stock tanks. When not tilled these small flat clearings of Del Rio

clay support grasses and a dense growth of mesquite.

Buda limestone. --A composite section of Buda limestone in

%

the map area is estimated to have a total thickness of 40 feet. The

most complete sequence occurs in a small stream bed 200 feet north

of the Bretzke house and about 1200 feet east of Waco Springs, where

the Buda limestone is dipping 15 degrees northwestward into the Waco

Springs Fault. Elsewhere along this fault, the Buda is downfauited

on the Gode Ranch and at the junction of the fault and the Alligator Creek

Road. At the latter location (Pl. 11), a very distinct reddish orange

corrosion surface marks the top of the Buda formation.

The Buda, in hand specimen, appears grey to yellowish grey

and is mottled purplish red. On a fresh fracture the rock is speckled

with oxidized glauconite grains. Generally, it is a very hard, brittle,

compact, crystalline, fossiliferous limestone with a porcelaneous

texture and containing calcite stringers. Some beds, especially in

the lower part, are composed almost entirely of well cemented shell

fragments which have a pinkish tint. Beds of the middle section are

commonly made up of large hard limestone nodules in a clay matrix.
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The upper beds, being massive, compact, and very porous, are easily

mistaken for Edwards limestone. These thick and resistant upper

Buda beds form distinct ledges on which the Eagle Ford formation lies.

Where outliers of Buda cap Del Rio clay to form small

rounded and elongated hills, it supports a heavy growth of elm with

minor numbers of oak, cedar, and persimmon.

Gulf Series

Eagle Ford Formation. --Beds of the Eagle Ford formation

occur almost entirely along the downthrown side of the Waco Springs

fault zone. The outcrop consists of either a few feet capping a flat

upper Buda surface, or a relatively steep exposure underlying the

edge of the Austin formation outcrop. The best exposures are seen

along the fault zone southwest of the Guadalupe River, and from the

vicinity of Farm Road 3 06 northeastward. A few beds of Eagle Ford

are present on the downthrown side of the Bat Cave fault east of Farm

Road 306.

Nowhere in the map area is there a complete section of Eagle

Ford. The estimated total thickness is 15 feet. About eight feet of

flaggy limestone is exposed at several localities, one of which is shown

in Plate 9. This section overlies and is overlain by a clay sequence.

Both of these clay beds weather to a gently sloping surface and support
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Pl. 9. An exposure of Eagle Ford flags in a

stream cut on the Gode Ranch. The flags are

dipping northwest into a minor fault of the Waco

Springs fault zone. On the left is a gouge zone

and the Buda limestone. Outcrops of Eagle Ford

rocks are rare because weathered surfaces are

usually flat and support dense vegetation.
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heavy vegetation- typically mesquite. Therefore, the contact of the

Eagle Ford with the older Buda limestone and the younger Austin

formation is never clearly seen in the map area. Adkins (1933, p. 423)

states that the Buda-Eagle Ford contact in south central Texas is un

conformable in many places.

Austin Formation. --Weil exposed beds of the Austin forma

tion occur along the southeastern side of the Waco Springs fault between

Farm Road 306 and the Alligator Creek Road. Along Farm Road 306 two

stratigraphic positions within the formation are recognized. About the

middle of the section occurs a series of clayey limestone and clayey

fossil beds. The latter contain great numbers of Gryphaea aucella. These

soft beds are stripped for road metal or cultivated. In the upper part of

the formation there occurs a hard, white to greyish white, fossiliferous

limestone with Inoceramus sp. and Exogyra laeviscula (Pl. 10).
_____________ _______________ __________________

Because of a gentle slope and indistinct bedding, measure

ment of a total thickness of Austin was difficult, but it is estimated at

90 feet. The outcrop lies within the zone of the Waco Springs fault, and

there may be either an omission or repetition of parts of the section.

Also, because of its high topographic position, a large part of the upper

Austin may be missing by erosion, or by nondeposition.

Taylor Formation. --The only exposure of the Taylor

formation in the map area occurs on the Coastal Plain southeast of the



Pl. 10. Outcrop of upper Austin beds on the

east side of Farm Road 306, 500 feet southeast

of the Waco Springs fault. Iron oxide stained clay

fills the vertical joint which trends N. 10 E.

This white to greyish white hard limestone con

tains abundant Exogyra laeviscula. The pencil

points to an Inoceramus mold.



Comal Springs fault. Here it has developed a deep soil profile and

the original characteristics of the formation have been altered. Only

in stream cuts can a sufficient section be seen to determine the strati

graphic position of the formation. Because of exposures of the top of

the Austin formation in York and Alligator Creeks, it is believed that

only the lower 20 or 2 5 feet of the Taylor is present.

CENOZOIC SEDIMENTS

Two units comprise the Cenozoic sediments of the Waco Springs

quadrangle. Both are terrace deposits laid down by the Guadalupe

River, but at different intervals during its erosional cycle, and are

therefore topographically separated.

The upland or Uvalde gravels are found occupying the summits of

the Edwards Plateau, especially northwest of the Bat Cave fault. They

form isolated highs on the Edwards surface, and are conspicuous by

their support of large live oaks. Their composition is mainly stream

worn chert pebbles and cobbles in a sandy clay matrix (Pl. 2). A dug

water well on the E. T. Lackey Ranch, near G2 (PL 1), is reported to

have penetrated at least 90 feet of this gravel. Two small hills located

on the southeastern side of an oblique minor fault near its intersection

with the Bat Cave fault in the eastern part of the map area are capped

by these gravels.

River terraces located in the Guadalupe Canyon make up the

second unit of Cenozoic sediments in the map area. These deposits are
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confined to at least five separate terraces whose total thickness is

about 100 feet. They form very flat surfaces, and upstream from the

Bat Cave fault where the canyon is wider, the terraces are quite broad

(PL 7). In cross -section, as shown in Plate 15, the base is made up

of boulders of Edwards limestone, with the size of the constituents de

creasing upward. Nowhere are faults found displacing these terraces;

therefore, their age is younger than the most recent Balcones movement

in this area.



STRUCTURAL GEOLOGY

REGIONAL STRUCTURE

A Precambrian igneous mass, cropping out in the central Texas

counties of Llano, Burnet, and Mason, dominates the regional struc

tural setting of the Waco Springs quadrangle (Fig. 4). This stable area

has been named the Texas craton by Flawn (1956, p. 25). A projection

of the craton into south central Texas is called the San Marcos platform.

Lapping around the margin of the craton in the subsurface is the Ouachita

foldbelt. This series of tightly folded and thrusted Paleozoic strata

underlies the Cretaceous rocks in Comal County. Overlying this foldbelt,

with well defined surface expression, the Balcones fault zone forms the

western edge of a graben. The eastern boundary of this graben is the

Mexia-Talco fault zone. Lying to the southeast of these fault zones is

a thick sequence of Cretaceous and Tertiary rocks comprising the Gulf

Coast geosyncline. Eastward from the Llano Uplift to the Balcones fault

zone, the Edwards Plateau is built on a gently dipping homocline of

which the regional dip is about fifty feet per mile in a southeasterly

direction.

BALCONES FAULT ZONE

The Balcones fault zone, breaking rocks of Cretaceous age at the

surface, extends from Rockwall County in northeast Texas to Del Rio

on the Rio Grande River in southwest Texas. Surface expression is

46
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prominent, however, only along the trend of the fault zone from

Williamson County to Uvalde County, and is best shown in Hays and

Comal Counties. The trend of the faulting changes from the southwest

to west in Bexar County around the San Marcos platform.

The fault zone is essentially a group of curved en echelon tensional

strike fractures, downthrown to the coast. Some antithetic faults with

related grabens have been reported. In central Travis County about

40 percent of the fractures dip westward (Muehlberger and Kurie, 1956,

p. 43). Individual faults cannot be traced any great distance before

they die out, and another of tne en echelon faults starts. Some of these

faults also pass laterally into monoclinal flexures. These flexures are

well exemplified in and near Hays County.

Approaching Hays and Comal Counties from either end, the dis

placement distributed across the fault zone increases to about 1500 feet

(Keith Young, personal communication, 1957). The width of the fault

zone in this area is approximately twelve miles.

Cause of Faulting

Adjustment by weight of Cretaceous rocks to the slope of the

eastern margin of the Wichita paleoplain was considered by Hill (1900, Vv

p. 385) as the cause of the Balcones faulting.

Foley (1926, pp. 126 1- 1269) proposes that tensional stresses brought

about by subsidence of the Gulf coastal region initiated the Balcones
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faulting. He further proposes that as the Cretaceous rocks were firmly

supported, but downwarped, over the Texas craton, tensional stresses

were set up in directions radiating from the craton. This arcing of the

tensional stresses caused the fault zone to curve outward around the

southeastern side of this stable area. The rocks were free to move

downward to the southeast and the fractures to dip away from the support.

Downwarping of beds over a stable area not only results in the outward

curving of faults around the uplift but would also be responsible for the

inward curving of the faults around synclinal embayments. Faults in

northeast Texas, south Texas and Mexico illustrate this effect. In

these areas the faulting is curved inward around the East Texas and

Rio Grande embayments respectively.

To the writer it appears that the edge of the Texas craton provided

a hinge over which the maximum stretching of the rocks occurred. Re

lease of horizontal compression by subsidence of the Gulf Coast geosyn

cline and uplift of the Edwards Plateau caused this stretching. As the

stretching progressed the area between the margins of the hinge was

left with less underlying support. During periods of maximum tension

the rocks within this area dropped, maintaining nearly a horizontal

position, with greater displacement toward the axis of the hinge. Beds

on the western edge were displaced to the southeast and those on the

eastern edge were displaced to the northwest, creating the situation
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which presently exists between the Balcones and the Mexia-Taico

fault zones.

Age of Faulting

Initial weaknesses responsible for the failure of the earth's

crust within the Balcones fault zone probably date back to the Pre-

cambrian (Murray, personal communication, 1957). Sellards and

Baker (1934, pp. 30-3') believe the faulting originated as early as

Mesozoic time. Structural instability was set up by the late Paleozoic

folding subjacent to the line of the later normal faulting. Further evi

dence for structural unrest in the fault zone during Cretaceous time

is demonstrated in beds of Austin and Taylor age. In the vicinity of

the fault zone these beds contain volcanic ash deposits and in addition,

they have been penetrated by volcanic plugs.

Fowler (1956, pp. 29-42) proposes that the faulting and folding

of south central Texas originated in the early part of Late Cretaceous

time and reached a climax in Wilcox time. This structural movement

supposedly accompanied orogeny in northeastern Mexico and rapid

subsidence in the Gulf of Mexico.

Recurrent movement during a considerable part of geologic time

along the Balcones fault zone is suggested by Bryan (1933, p. 442).

From well data in the Waco, Texas, area he presents evidence for pre-

Cretaceous faulting. In this same area, according to him, later
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movements occurred during Trinity, mid-Pleistocene, and the latest

in Recent time.

Fossils of Upper Cretaceous age are present in the Oakville

formation of Lower Miocene age which crops out on the Texas coastal

plain. This accumulation of reworked fossil shell fragments, pre

dominantly of Austin and Taylor age, may have occurred just prior,

or concurrently with, the greatest movement along the Balcones fault

system. Ely (personal communication, 1957) also reports from the

Oakville a minor number of reworked microfossils from the Duck Creek

formation. The latter indicates sufficient uplift and erosion in the same

area associated with this particular pulsation, to expose beds of the

lower Washita group.

Baker (1919, p. 122) correlates movement of the Balcones

system with late Pliocene folding in southwest Texas. Other authorities

suggest the Uvalde gravel as indicative of post-Miocene movement along

the fault system. Since there is no chert in the Miocene, the Edwards

limestone was presumably exposed after Miocene time, for it was from

the uplift and erosion of this limestone that the abundant chert in the

Uvalde gravel was derived.

LOCAL STRUCTURE

The intense fracturing present in the Balcones fault zone is

well illustrated in the Waco Springs quadrangle. George (1952,



52

pp. 28-32), the first worker to undertake detailed work in this

vicinity, mapped and named three major faults which pass through

the quadrangle. The names he applied to these faults are used in

this report. They are from southeast to northwest0, the Comal

Springs fault; the Waco Springs fault; and the Bat Cave fault. Imme

diately northwest of the quadrangle is the Bear Creek fault.

Numerous other faults large enough to map on a scale of five

inches to the mile were recorded. Many of what appeared to be minor

faults were actually no more than joints with slight displacement and

were mapped as such.

All faults in the area were found to be high angle, normal, and

downthrown to the southeast. Dips of 75 to 80 of the fault planes are

exposed in cross -section in only a few places. Topographic expression

of the fault traces on the ground surface was used to interpret this

dip elsewhere (PL 11). Where the fault traces remained consistently

straight along their orientation in terrain with considerable relief it

was assumed the fault planes were steeply inclined or nearly vertical.

Some difficulty arose, however, in determining the dip on the fault

planes of the major faults where their scarps have been eroded into

fault-line scarps. Here the original traces have been covered by

gravel, soil, or vegetation and are not definite.

Field data indicate two fault trends in the quadrangle. The

greater number have an average strike of N. 55 E. , or generally
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PL 11. View from Alligator Creek Road, about

one mile from quadrangle's eastern boundary,

S. 55 W. down strike of main fault of Waco

Springs fault zone. On right Edwards limestone

dips 5 northwest. Darker Buda limestone on

left dips 16 southeast into a minor fault. Fault

contact very straight indicating nearly vertical

dip on fault plane.
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parallel to the strike of the rocks. A subordinate trend of faults is

observed to strike approximately perpendicular to this major trend,

especially along the Waco Springs fault zone. These faults which trend

north-northwest, termed cross faults, act as hinges to rotate the fault

blocks along the major fault which they separate. Differential movement

along each of the cross faults has rotated the fault blocks either southwest

or northeast.

Location of faults was accomplished by several methods. With

respect to the Comal Springs, Waco Springs, and Bat Cave faults,

physiographic expression was sufficient to readily determine their

presence. Locating traces of minor faults that had no surface expression,

or were not exposed in stream cuts, was more difficult. Most of these

minor faults occur locally in the Edwards limestone and result from so

lution and collapse of underlying beds rather than from tectonism.

Sudden changes from dips of 1 to 2 to 15 to 20 are frequently found

in the immediate vicinity of minor faults, with beds on both sides of the

fault dipping into a common center (PL 12). Along the Guadalupe River

just downstream from Waco Springs, dip and strike change four times

in a half mile exposure of Edwards limestone on the north bank. A

100 foot cliff of the same limestone sequence on the opposite bank indi

cates no faulting, but reveals solution and collapse to account for the

rapid change in attitude.



PL 12. Top of Edwards limestone exposed on

Gode Ranch 50 feet south of the Elm Creek fault

outcrop. The Edwards here is a very hard reef

limestone with a distinct corrosion surface and is

dipping 16 SE. into a small fault or a collapse
structure. In lower left foreground is the contact

of the overlying nodular Georgetown limestone.
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Repetition of a geologic sequence based on both lithoiogic

and paleontologic evidence also aided in detecting faults. Fault zones

containing gouge, breccia and drag blocks are common and easily

recognized either in cross -section or on the surface. Where definite

beds suddenly enter a gouge zone, a fault is indicated. Another helpful

feature is a characteristic vegetation trend along fractures that is very

conspicuous on aerial photographs.

In the Guadalupe River bed where faults cross the flowing

stream, resistant beds on either side of the faults form rapids while

the opposite weaker rocks are gouged out to form pools (PL 13). As a

result, all along the Guadalupe River in the Waco Springs quadrangle

there is a series of rapids and pools. During the summer of 1956 when

rainfall and surface water runoff was at an all-time low this feature was

clearly seen and was the first indication of the presence of many faults.

Comal Springs Fault

Approaching the Waco Springs quadrangle on the coastal plain

from either San Marcos or New Braunfels the first fault encountered is

the Comal Springs fault. Along its escarpment, which entends for about

one mile through the southeastern corner of the map area, clays of the

lower Taylor group are downfaulted against the upper Edwards limestone.

This disruption in stratigraphy indicates a minimum of about 2 50 feet

displacement. George (1952, p. 29) states that in Comal County along
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PL 13. View southwestward across Guadalupe
River about one mile upstream from Waco Springs.
Trace of a minor fault in the Edwards limestone

striking N. 55 E. Beds on upthrown or right side

are resistant and form rapids. Saddle or depression
at skyline results from erosion of gouge zone.
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the Comal Springs fault the stratigraphic displacement may reach 400

to 600 feet. DeCook (1956, p. 44) suggests a displacement of slightly

more than 400 feet on the Comal Springs fault based on interpreted

information from a water well approximately one half nnile

southeast of the fault. Perhaps a greater displacement is in order for

the Comal Springs fault in the Waco Springs quadrangle but the writer

feels that with such a small segnnent of the fault to work with and using

the geological data available a minimum displacement of 250 feet is all

that can be demonstrated.

Waco Springs Fault

Approximately two miles northwest of and parallel to the Comal

Springs fault lies the Waco Springs fault (PL 14). This very complex

fault zone is present across the width of the quadrangle. It enters the

map area at the southeastern corner on the Davis Ranch, extends north

east to the Guadalupe River, where on the western side of the river's

flood plain it passes immediately south of Waco Springs. The fault trace

is clearly defined where it crosses the Guadalupe River. Rapids have

been formed on the upthrown side by resistant upper Glen Rose rocks

dragged into the fault zone. On the downthrown side less resistant

Washita rocks, mainly the Del Rio clay and the Buda limestone, have

been gouged out by swirling water to form a large pool.
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PL 14. View looking northward at Waco Springs
fault-line scarp in immediate vicinity of Waco

Springs. Opening in scarp in center background is

mouth of Isaac Creek. Cliff to the left in Edwards

limestone is undercut bank of the Guadalupe River.

Washita rocks in foreground dip northwest into the

fault zone. Photo taken from an outlier of George

town limestone on south boundary of quadrangle.
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About two miles north of the quadrangle's southern boundary,

the fault crosses Farm Road 306. At this point very little difference

in relief is noticeable between opposite sides of the fault. On the

northwest is the Edwards limestone with beds of the upper Austin

fornnation downthrown against it on the southeast. Still farther to the

northeast the Waco Springs fault crosses the Alligator Creek Road one-

half mile northwest of the eastern boundary of the map area, and shortly

thereafter passes out of the quadrangle. At this road crossing the

upper Buda limestone is downfaulted against what appears to be middle

Edwards limestone.

Displacement along the Waco Springs fault varies because of

the complex nature of the faulting. At the fault outcrop in the Guadalupe

River bed there is at least 400 feet of displacement. In a stream cut

1000 feet west along the fault and immediately south of the Gode Ranch

house there is considerably less displacement where the top of the

Georgetown formation is faulted against a segnnent of Edwards limestone

believed to be in the middle or upper part. Thus, the displacement

here is less than the 350 feet total thickness of the Edwards limestone.

The difference in displacement between these two points is attributed

to at least two factors: (1) two north-south cross faults abut into the Waco

Springs fault at the Waco Springs, and at the Gode house, with sufficient

offset to make up the difference, and (2) some of the displacement of
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the main fault has been deflected to a subordinate parallel fault on the

northwest, the displacement of which increases southwest along the

strike from little more than drag in the Guadalupe River to more than

30 feet at an exposure in Elm Creek.

Northeastward from the river to Farm Road 306 displacement

of the Waco Springs fault continues to decrease to about 250 feet. At

the Alligator Creek Road, however, displacement increases slightly

to 275 feet.

Bat Cave Fault

The Bat Cave fault is present diagonally across the central

part of the map area. By geomorphic interpretation, this fault appears

to be the youngest of the major faults in the Waco Springs quadrangle.

Its youth is suggested by the offset it creates in the well developed

shoulder at the top of the Guadalupe Canyon where the fault crosses the

Guadalupe River in the west central part of the area.

In the bed of the Guadalupe River, this fault has effected a

structural contact between lower Edwards limestone on the southeast

and upper Glen Rose limestone on the northwest. The displacement at

this point is about 200 feet, approximately that of the offset shoulder.

On the Edwards Plateau, the Bat Cave fault has dropped a thin

strip of Washita and lower Gulfian rocks down against the upper Edwards

limestone (PL 6). Tilting of this downdropped block into the fault plane
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has protected these few younger Cretaceous rocks from erosion.

Maximum displacement of this segment of the fault is in the order of

230 feet.

The younger Cretaceous rocks lying along this fault are in

their northwesternmost position in the Balcones fault zone. This out

lier is separated from related rocks occurring along the Waco Springs

fault by at least two miles. The presence of this thin remnant of

Washita and lower Gulfian rocks strengthens the theory that the Bat

Cave fault was the last formed of the three major faults in the map

area. Because the pre -faulting surface was a topographic high and

exposed longer to erosion it offered little protection to these rocks and

few are present as compared to those of the same age on the downthrown

side of the Waco Springs fault.

Reverse Dip and Related Structures

One of the most significant features revealed by geologic

mapping in the Waco Springs is a type of structure previously unre

ported in the Balcones fault system. This feature is best illustrated

in the area between the Waco Springs and Comal Springs faults. Within

these limits the rocks have been shaped into an anticlinal fold, the

axis of which is parallel to the strike of the faults. The beds along

the northwest edge of what the writer has previously designated the

Lower Hill Country have been tilted to the northwest, or in a direction
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"reverse" to the normal direction of dip and the normal direction of

drag (PL 14). The rocks in the center of this strip are generally

flat lying, while the rocks on the southeastern edge are dragged into

the Comal Springs fault to complete this shallow anticlinal fold.

Tension set up during active faulting caused the rocks on the north

western side of the anticlinal axis to fall to the northwest, away from

the stable center group. Those rocks on the coastward side, southeast

of the anticlinal axis, were dragged in that direction by the Comal

Springs fault. This sanne feature is again repeated on the Edwards

Plateau between the Waco Springs and Bat Cave faults. Honea (1956,

pp. 51-54) describes similar structures which he terms "turn-over"

related to nnovement throughout the definable length of the Sam Fordyce -

Vanderbilt fault zone in south Texas.

Other Faults

In addition to the three major faults in the Waco Springs quad

rangle there are numerous other faults of which several have equal

areal extent, but nnuch less vertical displacement than the major faults.

On the geologic map (PL 1) many of these lesser faults are partially

inferred because of their subtle physical appearance.

Lying between the Waco Springs and the Bat Cave faults are

three of these faults. The trace of each one can be seen in the bed of

the Guadalupe River, and in addition, the fault planes of two are well
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exposed in the walls of the river canyon and adjacent stream beds.

The three faults strike northeastward from the river, but at an

angle less than that of the major faults. In turn they all intersect

the Bat Cave fault at an oblique angle in the central and eastern part

of the map area. At these intersections the faults are definite as they

obviously displace beds at the surface. However, between the river

and their intersections with the major fault, they are vague and their

existence is inferred on the basis of streams and sinkhole alignment

and vegetation trends. The displacement of each of these nninor faults

appears to increase in the direction of its intersection with the major

fault.

Along the Waco Springs fault occur a number of cross faults,

especially in the vicinity of Waco Springs. Considerable study was

given this particular area because of the relationship between the

structure and groundwater. Typical of these faults is the one which

strikes about N. 10 W. immediately east of the springs. This fault

is believed to be the primary cause of the springs' position, and evi

dence for the fault is offset in beds and a change in dip and strike.

East of the fault on the downthrown side in the Guadalupe River bed the

upper Edwards limestone and the overlying Georgetown limestone dip

northeast 7 (PL 15). On the opposite side of the fault the Edwards

limestone has a change in strike from northwest to northeast and dips

7 to the northwest.
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Pl. 15. Complete 25 foot Georgetown limestone

section exposed in the Guadalupe River bed. The

fornnation dips 7 to the northeast into the Waco

Springs fault. At extreme right at water level is

its contact with underlying Edwards limestone.

Overlying it in the upper left is a thin remnant of

Del Rio clay, and a river terrace about 2 0 feet

high.



Joints

A statistical study of joints oVserved during the geological

mapping of the Waco Springs quadrangle was beyond the scope of

this report. Nonetheless, wherever prominent jointing was en

countered their attitude was recorded. Measurements were made in

rocks throughout the exposed geologic column. Several sets of joint

orientations can be recognized. The joint sets, of tensional origin,

appear to be genetically related to the local faulting. Most joints had

strikes roughly parallel to that of the faults in the area. Three other

joint sets, essentially vertical, had strikes of N. 20 E. , N. 80 E. ,

and N. 20 W.



GROUNDWATER

The location of the Waco Springs in the map area stimulated

an interest in groundwater. Because of the complex movements along

the Waco Springs fault in the immediate area of the springs has dis

rupted the stratigraphy it was not previously understood which formation

serves as an aquifer for the springs. Periodic discharges of the springs,

usually following heavy or prolonged rainfall, suggested a separate

reservoir for the Waco Springs from that of the other three underground

reservoirs which supply water to the remainder of the quadrangle. In

order to solve the origin of the springs it was necessary to locate the

area of recharge for this reservoir. This was accomplished by close

observation of rainfall in Comal County during a period when rainfall

was infrequent and abnormally low, and its effects could best be seen.

AQUIFER

The Edwards limestone has long been recognized as a prolific

aquifer in south central Texas. Primary openings remaining after

consolidation and those provided by the abundant fossils make it suitable

for the development of an aquifer. Fracturing, and solution of the

limestone along the fractures, completed this development. The under

lying Glen Rose limestone also has similar properties for development

of an aquifer, but these are not as readily recognized as in the Edwards

67
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limestone. From a general understanding of the geology and a study

of water well data in the Waco Springs quadrangle, it is believed that

the Glen Rose limestone contributes most of the groundwater to this

area.

Wells, G2 and G3 (PL 1) (Table 2), located in the extreme north

central part of the map area, produce water from more than 300 feet

and 340 feet respectively below the land surface. G2 is at a ground ele

vation of about 1040 feet, and the elevation at G3 is about 1060 feet.

Therefore, the water table in this area lies at an elevation below 720 feet.

From exposures in the Guadalupe Canyon upstream from the Bat Cave

fault, the base of the Edwards formation is at an elevation of approxi

mately 800 feet, and about 12 0 feet above the level of the river at

680 feet. By projecting these elevations northeast along the strike of

the formations, the water table beneath the Edwards Plateau and

wells G2 and G3 lies at least below 720 feet, and must be in the upper

Glen Rose limestone. The elevation of the water table actually may be

near that of the river, 680 feet.

On the Edwards Plateau immediately southeast of the Bat Cave

fault, two water wells, G7 and G8 (PL 1 ) (Table 2), have water levels

at least 300 feet below the land surface. G7 at 910. 7 feet has a water

level at 609.8 feet. G9, at an elevation of 977 feet, has a water level

at 595 feet. The elevation of these water levels also indicates the water



 



TABLE 2. RECORDS OF WATER WELLS AND SPRINGS IN

Well

No.

Dist. (mi)

and Dir.

from New

Braunfels

Owner Date

com

pleted

Depth
of well

(ft.)

Dia.

of

well

(in.)

Water

bearing
formation

Alt.

of

Land

Sur.

G2 8-1/2 N.

E. T.

Lackey 1911 500 6

Edwards

Limestone

G3 9 N.

Alfred

Panterauhl 1937 - do

G4 9 NW. H. Kanz Old 50 <-<__ Alluvium _._._._-

G5 8 N.

Udo

Haarman &

Ro Wright

1937 440 6 Edwards

Limestone

G6 7 N. do 15 36 --

G7 7 N. do 1937 333 6
Edwards

Limestone
910.7

G8 7-1/2 NE.
Albert

Pfeuffer
Old 400 6 do 977.0

G16 6-1/2 N.
Edward

Lackey
1937 - do

G17 5 NW. Bretzke 1938 237 4 do 894.8

G18 4 N. R. J. Gode Spring - ---

G19 4-1/2 NE.
John

Karbach
1893 181 6

Edwards

Limestone
783.8

G20 4-1/2 NE.
Jack

Kretzmeyer
168 6 do

G27 4-1/2 NE.
Bruno

Raabe
Old 6 do

G28 4 NE.
Albert

Hantzmann
1900 175 6 do

G29 4 NW. R. J. Gode 90 do 675.5

G34 4 NE.
Albert

Wallhoeffer
1901 140 6 do 700.6

G80 4 NE.
Hillmar

Pfeifer
190 6 do 784.8
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THE WACO SPRINGS QUADRANGLE, 1936 TO MAY, 1957

Well Meas.

No. pt.ht.
above

grnd.

Water Level Method

of

Lift

Use

of

Water

Remarks

below date

land of

sur . measure .

C-2 -- . -

Cylinder

6hp windml.

Do

mes

tic

Water level more

than 300 feet below

land surface.

G3 _._._._._,_.

cylinder
windmill Stock

Water level more

than 340 ft. below

surface 12/14/1944

G4 1.2 42.7 11/4/36
cylinder
hamd

Stock
dug well in Guada

lupe River bottom

G5 .5 350 12/15/45
cylinder
windmill

Stock

Circle Dot Ranch

well 3.Drilled pro

bably into GlenRose

G6 2.0 6.9 10/22/36
bucket

hand

Dom.

Stock

Dug, Circle Dot

Ranch

G7 .4 300.9 1/16/51
cyl inder

engine
Stock

Circle Dot Ranch

well 4

G8 .3 382.2 do
cylinder

gas. eng.

Dom.

Stock

Water level reptd.
more than 300 ft.

below land surface

616 """ ""

--
s

"~"*"~~"
cylinder
windmill

G17 -_.- _. _. . ---

U.S. Army Engineers
test well. Cored top

to bottom 2^in. core

G18 ._. -_- flows Power

2 openings, alt. of

land sur. 657.9 &

652.2 ft.

G19 .8 173.3 12/20/37
cyl inder

windmill

Dom.

Stock

G20 .9
160.9 9/22/36

151.4 10/22/36

cyl inder

windmill

Dom.

Stock

G27 1.5 153.8 1/ 5/37
cyl inder

windmill

Dom.

Stock

G28 .4 150.4 10/22/36
cyl inder

windmill

Dom.

Stock

Cased to 77 ft. Cave

10 ft. deep at 150-

160.Water at 162ft.

G29 .7 38.8 4/13/45
cylinder
windmill

Dom.

Stock

G34 .6 89.6 12/30/36
cyl inder

windmill

Dom.

Stock

Draws down 3.5 ft

pumped at 1/2 gpm.

G80 1.2 174.8 1/ 5/51
cylinder
windmill

Dom.

Stock
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table here is not connected with the river and occurs in the upper Glen

Rose limestone for several reasons: (1) southwest along the strike of

the formations the basal Edwards limestone is exposed at a much higher

elevation in the Guadalupe canyon than the elevation of the water table

under the Edwards Plateau, and (2) the water table occurs at an elevation

lower than the elevation of the river, which again would place the position

of the water table beneath the basal Edwards limestone.

The Waco Springs fault east of the Guadalupe River, unlike the

Bat Cave fault, does not impede the movement of groundwater, as is

shown in a comparison between the water levels of wells G7 and G19

(Table 3). The depth of G19, 181 feet, at a ground elevation of 783. 3,

indicates the well produces from the Edwards limestone. Well G7 pro

duces from the Glen Rose linnestone. Therefore, at the fault groundwater

is transferred fronn one aquifer to the other.

West Waco Spring flows when its water level rises in excess of

649 feet. The water level is much higher than the water level for the

Edwards Plateau, and the Lower Hill Country east of the Guadalupe River.

Also the Waco Springs' water level differs from that of the Gode Ranch

well which is located 600 feet southwest of the springs on the downthrown

side of the Waco Springs fault. At the Gode well, which produces from

the Edwards limestone, the water level remains about 20 feet lower than

that of the springs and about 15 feet higher than the water level of the

wells east of the river.
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DISCHARGE

There are sixteen water wells in the Waco Springs quadrangle

(Table 2) of which records have been compiled by George (1952,

pp. 107-113). Five of these, G7, G19, G29, G30, and G34, are used

as observation wells by the Groundwater Division, U.S. Geological

Survey. Water level measurements from these five wells are shown in

Table 3. Numerous other wells, on which no information is available,

are located in the map area. All of these wells combined discharge a

very small amount of the available groundwater supply.

The Waco Springs have the greatest single discharge of ground

water in the quadrangle. They issue from two depressions on the west

side of the flood plain of the Guadalupe River east of the Gode house.

Because the two springs straddle the River Road, in a northwest-

southeast alignment about 100 feet apart, they are designated the West

Spring and the East Spring. The West Spring, at a ground elevation of

649 feet, is the more active of the two. It flows 100 feet west into Elnn

Creek; the latter then flows 800 feet southward into the Guadalupe

River. The East Spring (Frontispiece), ground elevation 656 feet, is

expectediy much less active than the West Spring, being seven feet

higher. The discharge of the former flows northward about 400 feet

into the Guadalupe River.

Discharge measurements of Waco Springs (Table 4) have been

recorded since 1928, but only effectively since 1944, by the Surface
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TABLE 3. RECORDS OF WATER LEVELS IN OBSERVATION WELLS

IN WACO SPRINGS QUADRANGLE, 1936 TO MAY, 1957

G7. Lat. 29^48 \ long. 98u06\ Depth 333 feet, diameter 6 inches.

Land-surface datum 910.7 feet above msl.

Date Water

level

Jan, 1.6, 1951
.
300.9

Mar. 13, 1952 305.5

Sept. 5, 1952 301.3

Dec. 20, 1937 173.32

Jan. 22, 1938 172.50

Feb. 2 170.90

Mar. 30 171.14

Apr. 22 171.46

May 19 168.76

June 23 169.39

July 20 169.93

Aug. 30 171.20

Sept. 28 176.52

Dec. 12 172.21

Jan. 25, 1939 173.29

Apr. 22 173.98

May 26 174.26

July 3 174.68

Dec. 20 176.04

Jan. 24, 1940 176.19

Feb. 28 176.97

Mar. 22 176.35

Apr. 30 176.19

May 28 176.18

June 25 175.78

July 29 175.47

Date Water

level

Aug. 29, 1956
.
311,46

Oct, 1, 1956 -

Nov. 7, 1956 311.34

Aug. 27, 1940 176.01.

Sept. 23 176.50

Oct. 28 176.74

Dec. 6 175.88

Jan, 29, 1941 173.85

Mar. 27 171.80

May 23 167.33

Aug. 8 168.18

Nov. 19 170,12

Mar. 6, 1942 172.30

Apr. 9 172.68

Aug. 3 172.45

Dec. 7 167.36

Apr. 19, 1943 171.01

Dec. 20 173.22

Dec. 19, 1944 170.37

May 23, 1945 165.71

Mar. 20, 1946 171.42

July 6, 1947 169.54

Nov. 22 171.01

May 2, 1948 174,59

Feb. 10, 1949 175.69

Dec. 7, 1949 173.43

Date Water

level

Jan. 3, 1957 312.84

Mar. 4, 1957 310.08

Jan. 23, 1950 174.00

Aug. 1 174.84

Dec. 7 176.24

Jan. 5, 1951 176.03

Dec. 19 177.62

Mar. 13, 1952 177.82

Aug. 8 177.00

Apr. 10, 1953 174.64

Aug. 6 176.30

Dec. 2 174.58

Apr. 30, 1954 175.49

July 13 177.63

Aug. 23 179.78

Jan. 5, 1955 180.14

Mar. 4 179.94

May 4 181.29

July 12 180.94

Sept. 13 181.25

Nov. 7 184.03

Jan. 6, 1956 182.74

Mar. 20 183.91

July 5 182.59

G29. Lat. 29*
3

44', long. 9808'. Depth 90 feet, diameter 5 inches.

Land-surface datum 675.5 feet above msl.

Apr. 13, 1945 38.8 Mar. 12, 1952 54.6 Jan. 6, 1956 57.30

May 16 36.8 Aug. 24, 1954 55.68 Aug. 29 56.20

May 23 37.2 Mar. 4, 1955 54.21 Oct. 3 60.75

May 24 37.9 May 4 56.23 Jan. 4, 1957 60.06

July 2 38.8 July 13 55.62 Mar. 6 50.35

Jan. 4, 1951 52.2 Nov. 7 57.62 May 7 41.15

G19. Lat. 2945l, long. 9806\ Depth 181 feet, diameter 6 inches.

Land-surface datum 783,3 feet above msl.



TABLE 3. RECORDS OF WATER LEVELS

IN OBSERVATION WELLS - Continued

G30. Lat. 2945\ long. 9809
'

, Depth 320 feet, diameter 6 inches.

Land-surface datum 840.1 feet above msl.

Date Water

level

Date Water

level

Date Water

level

Dec. 21, 1936 211.08

Dec. 19, 1939 214.03

Jan. 29, 1940 214,33

Feb. 27 215.66

Mar. 26 215.33

Apr. 29 214,72

May 24 214.84

July 1 214.07

July 26 213.48

Aug. 28 2.14.30

Oct. 29 215,19

Dec. 5 215.06

Jan, 29, 1941 212.99

Aug. 15 203.05

Nov. 18 204.75

Mar. 6, 1942 207.41

Apr. 9 208.04

Aug. 7 206.21

Dec. 7 199.47

Sept. 10, 1943 206,92

Dec. 18, 1944 209.89

Apr. 23, 1945 197.55

July 6 199.18

Mar. 19, 1946 209.08

July 6, 1947 204.35

Nov. 23 205.28

Apr. 23, 1948 208.62

June 25 210,06

Aug. 11 210.75

Feb. 10, 1949 213.60

Apr. 19 212.84

Aug. 25 209.20

Dec. 7 208.67

Jan. 23, 1950 209.85

Apr. 10 211.00

Aug. 1 212.28

Dec. 8, 1950 217.55

Jan. 4, 1951 214.72

Apr. 2 216.71

Aug. 2 218.84

Aug. 6, 1952 219.81

Sept. 5 221,25

Dec. 16 212.05

Apr. 10, 1953 211,80

Nov. 30 212.90

Apr. 30, 1954 214.72

Nov. 7, 1955 226,04

Jan, 6, 1956 223,93

July 6 223.69

Aug. 29 223.33

Nov. 8 223.71

Jan. 4, 1957 223.08

Mar. 6 222.28

G34, Lat. 2945\ long. 9805r. Depth 140 feet, diameter 6 inches.

Land-surface datum 700,6 feet above msl.

Dec. 30, 1936 89.60

Dec. 15, 1937 90.11

Jan. 22, 1938 89.51

Feb. 2 88.23

Mar, 30 88,36

Apr. 22 88.56

May 18 86.40

June 22 86.86

July 20 87.44

Sept. 28 89.08

Nov. 2 89.39

Dec. 13 90.76

Jan. 24, 1939 90.09

Feb. 28 90,16

Mar. 28 90,18

Apr .23 90 . 41

May 26 90.91

July 3 90,74

Oct. 4 92.57

Dec. 18 91.78

Jan. 23, 1940 92.22

Feb. 27 92.40

Mar. 22 93.48

Apr. 27 92.38

May 29 92.36

June 27 92.01

July 29 91.86

Aug. 27 92.31

Sept. 27 92.68

Oct. 29 92.79

Dec. 5 92.13

Jan. 24, 1941 90.58

May 23 85.19

Aug. 8 85.92

Nov. 18 87,84

Mar, 6, 1942 89.31

Apr. 3 89.56

Aug, 7 89.41

Dec. 4 85.23

Apr. 19, 1943 88.23

Sept. 10 88.81

Dec. 20 90.07

Apr. 30, 1944 86.57

Aug. 23 86.50

Dec. 18 87.76

May 22, 1945 83.64

July 6 85.23

Mar. 20, 1946 88.48

June 23, 1947 86.64

Nov. 19 89.21

Apr. 24, 1948 90.54



75

TABLE 3. RECORDS OF WATER LEVELS

IN OBSERVATION WELLS - Continued

G34. Continued

Date Water

level

Date Water

level

Date Water

level

June 25, 1948 90.99 Aug. 2 92.81 Mar. 4 94.12

Aug. 6 Dec. 19 93.36 May 4 94.60

Feb. 10, 1949 Mar. 13, 1952 93.64 July 12 94.67

Mar, 9 Aug. 8 94.26 Sept. 13 95.02

Apr, 18 Sept , 5 93.68 Nov. 7 95.23

Aug. 25 Dec. 17 91.43 Jan, 6, 1956 95.09

Oct. 13 Apr, 10, 1953 91.47 Mar. 20 95.64

Nov. 8 Aug. 6 92.87 May 11 95.49

Dec. 7 Dec. 2 91.68 July 5 96.45

Jan. 23, 1950 90.30 Apr. 30, 1954 92.88 Aug. 29 97.24

Apr. 10 June 2 93.12 Oct. 2 97.32

Aug. 1 July 13 93.62 Nov, 7 96.30

Dec. 7 Aug. 23 95.23 Jan, 3, 1957 95.81

Jan, 5, 1951 Dec. 7 94.22 Mar. 4 95.08

Apr. 2 Jan. 5, 1955 94.22 May 7 91.84



TABLE 4. DISCHARGE MEASUREMENTS, WACO SPRINGS

Oct.

Aug.

Sept.

Jan.

Feb.

Mar,

Apr.

May

July

Aug.

Sept,

Oct.

Nov.

Dec.

Jan,

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Dec.

Jan.

Feb.

Mar.

Apr.

May

July

Aug.

Sept,

Oct.

Nov.

Dec.

Jan.

Feb.

Apr.

May
June

July

Aug.

Sept.

Nov.

8, 1937

4, 1944

18 , 1944

22 1945

16 1945

23 , 1945

27
, 1945

31 , 1945

5 , 1945

9 , 1945

13 , 1945

19 , 1945

22
, 1945

20 , 1945

24 , 1946

1
, 1946

4 , 1946

9 , 1946

14 , 1946

18 , 1946

21 , 1946

26 , 1946

31 , 1946

7 , 1946

12 , 1947

13 , 1947

20
, 1947

24,, 1947

29., 1947

2., 1947

7, 1947

11,t 1947

16,, 1947

22 t 1947

18, 1947

22, 1948

26 , 1948

1, 1948

6, 1948

10 , 1948

22, 1948

26, 1948

30, 1948

5, 1948

Dis

charge

(cfs)

1.5

61.0

56.8

90.3

92.4

80.4

84.5

77.7

59.0

32.1

23.3

46.8

17.6

16.5

38,0

71.4

71,3

55.9

54.4

22.3

13.2

93.6

88.8

85.5

96.0

88.7

77.4

64.6

45.6

25.0

19.3

16.9

*13.3

*10.1

* 8.72

* 6.62

* 5.83

* 4.23

* 3.93

* 5.09

* 2.84

* 1.22

0,

0,

Dec,

Jan,

Feb.

Apr,

May
June

July

Aug.

Sept,
Nov,

Dec.

Jan.

Feb.

Mar.

Apr.

May
June

Aug.

Sept,

Oct.

Nov.

Dec.

Jan.

Feb.

Apr.

May
June

July

Aug.

Sept.

Oct.

Nov.

Dec.

Jan.

Mar.

Apr.

May
June

July

Aug.

Sept.

Sept.

Oct.

Dec.

9,

22,

1

16

16

23

26

28

4

8

12

16

22

21

24

28

2

9

11

15,

21,
26

28

4

11

14

18

21

27

3

6

18

22

5

11

14

18

24

29

18

23

30

1948

1949

1949

1949

1949

1949

1949

1949

1949

1949

1949

1950

1950

1950

1950

1950

1950

1950

1950

1950

1950

1950

1951

1951

1951

1951

1951

1951

1951

1951

1951

1951

1951

1952

1952

1952

1952

1952

1952

1952

1952

1952

1952

1952

*

*

'91.5

s50.9

*19.2

*13.4

* 7.88

*14.6

* 6.47

* 4.38

53.3

* 9.62

* 5.38

*11.4

* 5.33

* 3.20

0.16

0,

0.48

0.

0.

0.

0.

0,

* 4.66

0.

0.

0.

0.

0.

0.

0,

0.

* 1.41

0.

* 4.50

* 6.44

0.

.5

82.7

10.8

55.2

Jan.

Feb.

Apr.

May
June

July

Aug.

Aug.

Sept.
Oct.

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.

May
June

July

Aug,
Oct.

Nov.

Feb.

Apr.
June

Oct.

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.

May

July

Aug.

Aug.

Sept.
Nov.

Dec.

Jan.

Feb.

Apr.

May

20

23

3

13

19

10

15

18

21

26

23

30

9

13

4

14

26

5

29

18

27

10

5

2

7

11

17

23

24

30

12

15

23

28

22

26

23

24

24

20

1953

1953

1953

1953

1953

1953

1953

1953

1953

1953

1953

1953

1954

1954

1954

1954

1954

1954

1954

1954

1954

1954

1955

1955

1955

1955

1955

1955

1956

1956

1956

1956

1956

1956

1956

1956

1956

1956

1956

1957

1957

1957

1957

West Spring flow only, Total flow of both springs
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Water Branch, U.S. Geological Survey. The springs are noted for

erratic flow and are dry for long periods at a time. From August,

1944, to August, 1948, however, measurements show discharge was

consistent, with an average flow of 45 second-feet per year for the four

year period. The maximum discharge recorded was 93.6 second-feet

in September, 1946. No discharge was recorded in 1955 and only one

measurement in 1956. The first five months of 1957, the discharge

of Waco Springs has increased from no flow in January to 79. 9 second-

feet recorded on May 20, 1957. This increase in discharge is in order

with the heavier than normal precipitation for this area over the same

period.

It is suggested that during dry periods the Waco Springs do flow

for short intervals associated with local heavy rains, but discharge

measurements made once a month or at a wide interval would not record

this sporadic discharge. The only measurement of discharge made in

1956, when the springs were flowing, was in August of that year by the

writer.

No attempt has been made to correlate discharge measurement

of Waco Springs with local rainfall data because this data is very sparse.

Precipitation records from the New Braunfels station (Table 1) are not

adequate to make this study with any degree of accuracy, since the

recharge area for the springs is believed to lie in central Comal County.
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The U.S. Weather Bureau rain gauge at Smithson Valley, the closest to

the recharge area, was in operation from 1948 to 1956, but many of its

records are incomplete.

RECHARGE

Recharge to the aquifers in the Waco Springs quadrangle is at

tributed to at least three causes: (l) direct penetration of rainfall onto

the aquifer; (2) seepage from streams crossing the aquifers; (3) sub

surface water flow from lateral or underlying aquifers.

An estimation of the amount of recharge that occurs by direct

penetration of rainfall throughout an outcrop area is extremely difficult.

However Sayer and Bennett (1942, p, 24) show, in a comparison of pre

cipitation records with water level fluctuations in wells that tap Edwards

reservoir, that before any appreciable recharge occurs from rainfall,

the rains must be of sufficient intensity and quantity to cause the water

to flow over the land surface for at least short distances, and thus

reach solutionai openings and fractures. Also, under most conditions,

rainfall must exceed one inch in 24 hours to cause appreciable recharge,

and rainfalls of less than one inch in 24 hours are apparently dissipated

by evaporation and transpiration.

The Guadalupe River is the only perennial flowing stream in the map

area. Along most of the eight mile course through the map area, the river

crosses the outcrops of two aquifers, the upper Glen Rose limestone and
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the Edwards limestone Northwest of the Waco Springs fault little re

charge is given the Edwards limestone. There, along the river canyon,

the basal Edwards limestone is nearly everywhere above the river level.

Only between the Waco Springs and Bat Cave faults is the basal Edwards

at, or slightly below, the river level, downdropped by minor faults. How

ever, water losses are not obvious along this area and the presence of

springs in the river leads to the conclusion that the Edwards there is

discharging rather than recharging.

Groundwater is unquestionably supplied to the aquifers in the

Waco Springs area by lateral or subjacent movement. During 1956 when

rainfall was abnormally low and the groundwater level at a near all-time

low, there were other sources of recharge to the aquifers in addition

to the Guadalupe River. The river flowed little or ceased to flow most

of the summer. Therefore, recharge must have originated elsewhere.

At the Gode Ranch, well G2 9 has shown a 19 foot rise in water level in

the first four months of 1957. This indicates that recharge is propor

tional to the recently increased rainfall. From January through May,

1957, 25. 90 inches of rainfall were recorded at New Braunfels (Table 1),

twice the normal for that date in the year.

ORIGIN OF WACO SPRINGS

The origin of the groundwater for Waco Springs has long been a

topic of speculation with the local residents. Following is a proposed
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origin of this groundwater based on data compiled during field investi

gations in August, 1956.

On August 22, 23, 24, 1956, rainfall occurred within a two mile

radius of Smithson Valley in central Comal County, 12 miles west of

Waco Springs. The U.S. Weather Bureau rain gauge at Smithson Valley

recorded 2. 76 inches during this three -day period. Maximum and

minimum rainfall reported in this area was 5.20 inches and .64 inches

respectively. No precipitation was reported elsewhere in Comal County

during this same period.

The West Waco Spring began flowing August 23, 1956, and

reached a maximum of about 2 second-feet the same day. Discharge

then began subsiding and ceased two days later. The springs' discharge

was slightly muddy and appeared to be under little hydrostatic pressure.

The writer collected rainfall data from ranchers living within

the zone of rainfall, and plotted the measurements on an isohyet map

(Fig. 5). Smithson Valley lies on the divide between the Guadalupe River

on the north and Cibolo and Dry Comal Creeks on the south. The west

fork of the Dry Comal Creek received ail of the surface runoff to the

south for the major rain of August 22, and flowed full bank to the

vicinity of its junction with the Bear Creek fault. There the runoff was

lost to the upper Glen Rose limestone. Approximately 24 hours following

this rainfall West Waco Spring began discharging. Surface runoff northward



81

from Smithson Valley into the Guadalupe River, principally by its

tributary, Rebecca Creek, was disregarded because of the great distance

of 35 miles this water would have to travel downstream to Waco Springs,

and the water losses that would occur between the two points. Also it

has been observed that periodic rises of the Guadalupe River have no

correlation with the discharge of the Waco Springs. Cibolo Creek carried

no runoff during any of this period, thereby contributing no surface water

to the Waco Springs reservoir.

The writer proposes that this evidence demonstrates one of the

sources of Waco Springs. In addition, the area of recharge is relatively

small as indicated by the short duration of the springs' discharge,

turbidity of the water, and water temperature fluctuations of 3 to 6 F.

In comparison, the great Comal Springs at New Braunfels, whose source

is from a vast, deep-seated reservoir, steadily discharge very clear

water with a constant temperature under great pressure.
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FIG. 5. ISOHYET MAP SHOWING RAINFALL DISTRIBUTION IN

CENTRAL COMAL COUNTY, TEXAS, AUGUST 22, 23, 24, 1956.



ECONOMIC GEOLOGY

Soil and groundwater is the basis for the important agricultural

economy of the Waco Springs quadrangle. Limestone, a very abundant

rock, is quarried for use as ballast on bituminous surfaced roads.

Numerous clay beds are available and have been locally stripped for

topping on metal surfaced ranch roads. No oil or gas productipn exists

in the quadrangle or in the surrounding area.

SOILS

Soils of Comal County are residual and reflect the nature of

the rocks from which they were derived. These pedocal soils occur

on the Coastal Plain, Lower Hill Country, and the Edwards Plateau

where the natural vegetation is non-forest. On the Coastal Plain the

soils are deep and fertile, and support such revenue crops as cotton,

corn, and grains. The residual plateau soils are thin and contain an

abundance of insoluble chert pebbles. Here the soil supports mainly

herbaceous growth on which cattle, sheep, and goats graze extensively.

Several isolated high terraces provide the only meager means for

farming on the plateau. In the Guadalupe River canyon, especially

upstream from the Bat Cave fault, river terraces are extensively

cultivated. Cedar brakes, predominately on the steep margins of the

plateau where soil is absent or very stony, provide revenue as fence

posts, and as a source for camphor.

83
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GROUNDWATER

North of the Comal Springs fault, potable water in the Edwards

and Glen Rose aquifers is readily available and abundant for domestic

and livestock use. The water level lies at different elevations over

this area and may be as shallow as 90 feet, or as deep as 340 feet,

depending on the location of the water well. The average elevation above

sea level of the water table east of the Guadalupe River, and between the

Bat Cave and Comal Springs faults, is about 610 feet. Northwest of

the Bat Cave fault the maximum elevation of the water table is 72 0 feet.

West of the Guadalupe and southeast of the Waco Springs fault, the

water level elevation, excluding Waco Springs, averages 62 5 feet.

Sinkholes on the Edwards Plateau north of the Waco Springs fault provide

natural watering points for livestock, rendering water wells in the

immediate area unnecessary.

LIMESTONE

A quarry in the Edwards limestone, located on the Alligator

Creek Road just northwest of the Waco Springs fault, has provided a

vast amount of ballast material for use on bituminous surfaced roads

in eastern Comal County (Pl. 16). This fresh, very compact limestone,

crushed to pebble size, appears ideal for this use and occurs in an

unlimited supply. Some of this rock, especially the fossiliferous

variety, is suitable for cutting and polishing. Also, individual beds
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Pl. 16. Quarry, about 80 feet deep, in highly

fractured Edwards limestone just northwest of

Waco Springs fault on Alligator Creek Road.

Solution channels, developed along numerous

fractures and bedding plane's, coated with iron

oxide, illustrate the effect of percolating

groundwater.



of the limestone may contain sufficiently pure calcium carbonate for

making lime. The most probable locality for this occurrence would

lie northwest of the Waco Springs fault where much of the rock is

exposed. There, also, stripping of overburden would be at a minimum

ROAD METAL

Road metal for topping local ranch roads is available in the

map area. A number of pits or cuts are present in isolated localities

where clayey beds crop out. This material comes from the upper

Edwards limestone, Del Rio clay, Eagle Ford formation, and beds of

the middle Austin formation.

OIL AND GAS

Although no oil or gas production occurs in the Waco Springs

qudrangle, mineral leases have been taken by a major oil company

on several of the larger ranches. Because of the structural and

topographic attitude of the Cretaceous rocks they are not probable

sources of petroleum. Likewise, the tightly folded and faulted upper

Paleozoic rocks underlying the Cretaceous rocks are not probable

source beds. However, a southeastward extension of lower Paleozoic

sediments off the Llano Uplift, sufficiently offset by faults in the

Balcones system, may prove excellent sources for future petroleum

production in this area.



CONCLUSIONS

GEOMORPHIC

The Waco Springs quadrangle is divisible into two major and

two minor physiographic provinces: the Gulf Coastal Plain and the

Edwards Plateau are the major provinces; the Guadalupe River and

Tributaries and the Lower Hill Country form two minor subdivisions

of the Edwards Plateau.

The Guadalupe River and tributaries Isaac and Elm Creeks

are remnants of an ancestral drainage. The numerous other youthful

tributaries are controlled structurally by features related to the

Balcones faulting.

Upland and lowland river terraces represent two different

cycles of erosion of the drainage of this area. They are separated

by 400 feet of relief.

A major rejuvenation of this area is indicated by a well de

veloped shoulder in the Guadalupe Canyon below which the river, when

in late maturity or old age, entrenched itself.

Minor changes in the base level of the Guadalupe River related

to subordinate uplifting, faulting, or climatic changes subsequent to

the major rejuvenation, are evidenced by a series of five cyclic

terraces averaging 20 feet high.
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Upstream from the Bat Cave fault where the river is eroding

the less resistant upper Glen Rose limestone the Guadalupe Canyon

is wider and the terraces better developed.

A youthful karst topography with its typical features is developed

on the Edwards Plateau. This suggests a humid climate since late

Miocene or Pliocene time when the Edwards limestone was first exposed.

STRATIGRAPHIC

The reported absence of the Walnut clay to the west, and a

thicker section to the northeast indicates a rapid thinning of this

formation across the map area.

A hard biostromal limestone, underlain by alternating clays

and limestones, forms the top of the Edwards formation.

The Edwards limestone is at least 247 feet thick as determined

by a continuous measured section in the Guadalupe Canyon. Correla

tion of these beds with the Edwards to the northeast gives the forma

tion an estimated total thickness of 350 feet.

Evidence for an Edwards -Georgetown erosion interval is a

corrosion surface on top of the Edwards limestone, and a definite

lithologic and faunal break between the two units.

A corrosion surface on the top of the Buda limestone marks

its unconformable contact with the overlying Eagle Ford formation.

Toreva blocks of the basal Buda disrupt its lower contact with the

Dei Rio clay.
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The northwesternmost occurrence of Washita and lower Gulfian

rocks in the Balcones fault zone is along the southeast side of the Bat

Cave fault.

Beds of Gryphaea aucella and Exogyra laeviscula indicate the

presence of the upper part of the Austin formation.

STRUCTURAL

Three major faults of the Balcones system are present in the

quadrangle and trend N. 55 E. Two sets of minor faults trend

N. 10 W. and N. 45 E.

All of the faults, except the northwest striking set, are normal,

high angle dip slips faults, downthrown to the southeast.

Minor faults trending N. 45 E. and intersecting the Bat Cave

fault increase in displacement toward their point of intersection.

Several of the minor faults result from collapse within the

Edwards limestone rather than from tectonic movement.

Displacement along the major faults is not consistent. Cross

faults which abut the major ones act as hinges on which the downthrown

blocks rotate either northeast or northwest.

The Waco Springs originate along a cross fault, downthrown to

the southwest, which terminates a northeast extension of this ground

water reservoir.



Where fault zones are not exposed or displacement is not

obvious, various criteria, such as vegetation and sinkhole alignment,

rapids in the river, gouge zones, physiographic expression, sudden

changes in dip and strike, and repetition of beds and fossils, are

used to interpret faults.

Reverse dip of the northwest side and southeast drag on the

southeast side of the major fault blocks has created a series of broad

shallow anticlinal folds.

The edge of the Texas craton provided a hinge over which the

overlying rocks were stretched. Release of horizontal compression

left the rocks with little underlying support, and caused them to dis

place horizontally toward the axis of the hinge. This created the

graben between the down-to-the -coast Balcones and up-to-the -coast

Mexia-Talco fault zones.

GROUNDWATER

The Edwards and Glen Rose limestones form the two aquifers

for the area. The latter contributes most of the groundwater.

The Waco Springs fault east of the Guadalupe River does not

act as a barrier to groundwater movement.

Only a minor amount of groundwater is discharged through

water wells. Waco Springs has the greatest single discharge of

groundwater in the quadrangle.
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Four separate reservoirs supply groundwater to the map area.

They are: the Glen Rose limestone northwest of the Bat Cave fault;

the Glen Rose and Edwards limestones southeast of the Bat Cave Fault

and east of the Guadalupe River; the Edwards limestone west of the

Guadalupe River and southeast of the Waco Springs fault; and the Glen

Rose -Edwards limestones at Waco Springs.

Discharge of Waco Springs is very sporadic, and is dependent

upon rainfall concentrated in central Comal County.

The recharge area for Waco Springs is small and local as

indicated by short duration of discharge, turbidity of water following

long periods of no discharge, and considerable temperature fluctuations.



APPENDIX

MEASURED SECTIONS



MEASURED SECTION 1

Location: Bretzke Ranch, opposite the Waco Springs in the undercut

bank of the Guadalupe River, Comal County, Texas.

BED DESCRIPTION THICKNESS

(feet)
EDWARDS LIMESTONE

Member G

31 Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) to grayish yellow

(5Y8/4) fresh surface, hard, brittle, fine- to

coarse-grained, breaks with a pseudo conehoidai

fracture, contains: ferruginous stain, some

medium- to coarse-grained calcite crystals, five

to 10 percent dolomite and traces of pyrite;

p bedding thickness is uniform with sharp well de

fined bedding planes, lower half of bed contains

silicified pelecypods. This bed marks the upper n

limit of the continuous Edwards limestone sectiony

measured in the Waco Springs Quadrangle along

the Guadalupe River and may be correlated with

the upper Edwards exposures on the Cowan,

Scrutchin, Albright and Freeman ranches in the

Purgatory Creek area. 1. 0

30 Clayey limestone, yellowish gray (5Y7/2)
weathered surface, pale greenish yellow (10Y8/2)
fresh surface, soft, friable, contains: some

ferruginous stain and five to 10 percent dolomite;

variable thickness upper surface shows strong

undulations, becomes flaggy in upper three feet,

non-reef pelecypods (?) are present but contain

no evidence of caprinids or other reef type fossils. 14. 0

Member F

29 Limestone, olive gray (5Y3/2 ) weathered surface,

yellowish gray (5Y7/2) fresh surface, hard, fine-

to medium -grained, breaks with a conehoidai

fracture, contains: some ferruginous stain, f ine -

93
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BED DESCRIPTION THICKNESS

(feet)

grained calcite crystals, chert nodules ranging
from four to six inches in diameter and traces of

pyrite; bedding thickness is uniform with sharp,
well defined bedding planes. 8. 0

28 Limestone, olive gray (5Y3/2) weathered sur

face, yellowish gray (5Y7/2) fresh surface, hard,

brittle, fine- to medium -grained, breaks with

conehoidai fracture, slightly porous with pore

diameters averaging less than one millimeter,

contains: medium-grained calcite veinlets, some

dolomite, chert nodules four to six inches in

diameter and traces of pyrite; bedding is uneven

with poorly developed bedding planes,
"karren" present on exposed surfaces but

not well developed. 18. 0

Member E

27 Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine- to medium-grained, contains:

some ferruginous stain, fine- to coarse-grained
calcite crystals and traces of pyrite; bedding
thickness is uniform with sharp well defined

bedding planes, well developed "karren" and

dessication cracks are present on exposed
surfaces. 10. 0

26 Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine-grained, contains: some ferruginous
stain and traces of pyrite and glauconite;

bedding thickness is uniform with sharp, well

defined bedding planes, "karren" and dessica

tion cracks are well developed on exposed sur

faces, fossils are present but not identifiable. 15. 0

25 Limestone, light olive gray (5Y5/2) weathered
surface, yellowish gray (5Y5/2) fresh surface,
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BED DESCRIPTION THICKNESS

(feet)

fine- to medium -grained, breaks with a con

ehoidai fracture, contains: some ferruginous
stain, medium-grained calcite crystals and

traces of glauconite, bedding thickness is uni

form with sharp well defined bedding planes,
"karren" and dessication cracks are well devel

oped on exposed surface, apparently nonfossili-

ferous. 13. 0

24 Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine-grained, slightly porous with pore
diameters averaging less than one millimeter,

contains: some ferruginous stain, medium -

grained calcite crystals and traces of pyrite;

bedding thickness is uniform with sharp well

defined bedding planes, "karren" and dessica

tion cracks are well developed on exposed sur

face, fossils are present but not identifiable. .

13. 0

Member D

23 Dolomite, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine-grained, slightly porous with pore
diameters averaging less than one millimeter,

contains: some ferruginous stain, a few

medium-grained calcite crystals, chert

nodules ranging from four to six inches in

diameter and traces of pyrite; bedding thick

ness is uniform with sharp well defined bed

ding planes, very resistive and forms a steep

slope, "karren" and dessication cracks pre

sent on exposed surface but not well developed,
vertical joints are present and strike N45E and

N30W, apparently nonfossiliferous. 11.0

22 Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine-grained, slightly porous with pore
diameters averaging less than one millimeter,
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BED DESCRIPTION THICKNESS

(feet)

contains: some ferruginous stain, coarse-grained
calcite veinlets and traces of pyrite; foraminifera

present but not identifiable, bedding thickness is

uniform with sharp, well defined bedding planes,
very resistive and forms a steep slope, "karren"

well developed on exposed surface, thin reddish

brown soil layer is present, but vegetation is

sparse. 10. 0

2 1 Dolomite, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine-grained, very porous with pore dia

meters averaging less than one millimeter,

contains: some ferruginous stain, medium- to

coarse-grained calcite crystals and traces of

pyrite; foraminifera present but not identifi

able, bedding thickness is uniform with sharp,

well defined bedding planes, very resistive

and forms a steep slope and weathers to a

flaggy appearance near middle of bed, "karren"

well developed on exposed surface, thin, red

dish brown soil layer is present but vegetation
is sparse. 13. 0

2 0 Dolomite, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine- to medium-grained, very porous

with pore diameters averaging less than one

millimeter, contains: some ferruginous stain,

medium- to coarse-grained calcite crystals and

chert nodules ranging from four to six inches

in diameter; bedding thickness is uniform with

sharp well defined bedding planes, "karren"

well developed on exposed surface, fossils pre

sent but not identifiable. 7. 0

Member C

19 Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine- to medium -grained, breaks with a
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DESCRIPTION THICKNESS

(feet)

conehoidai fracture, very porous with pore

diameters averaging less than one millimeter,

contains: some ferruginous stain, coarse-grained
calcite crystals, 10 to 15 percent dolomite and

traces of pyrite; bedding thickness is irregular
with poorly developed bedding planes, "karren"

well developed on exposed surfaces, apparently
nonfossiliferous. 4. 0

Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine-grained, very porous with pre dia

meters averaging less than one millimeter,

contains: some ferruginous stain, medium -grained
calcite crystals and traces of pyrite; bedding
thickness is irregular with poorly developed

bedding planes, "karren" well developed on ex

posed surfaces, apparently nonfossiliferous. 7.0

Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine- to medium -grained, very porous
with pore diameters ranging up to two milli

meters, but averaging less than one millimeter,

contains: some ferruginous stain, medium- to

coarse-grained calcite crystals and traces of

pyrite; bedding thickness is uniform with sharp,

well defined bedding planes, "karren" well

developed on exposed surfaces, fossils are

present but not identifiable. 7. 0

Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, medium- to coarse-grained, contains: some

ferruginous stain, fine- to medium -grained calcite

crystals in small veinlets and traces of pyrite;

bedding thickness is uniform with sharp well de

fined bedding planes, but slightly undulating,
"karren" is well developed on exposed surfaces. 13. 0
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BED DESCRIPTION THICKNESS

(feet)

15 Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine- to medium -grained, slightly porous
with pore diameters averaging less than 0. 5

millimeters, contains: some ferruginous stain,

and medium- to coarse-grained calcite crystals;

bedding is uniform in thickness with sharp, well

defined bedding planes, "karren" is well developed
on exposed surfaces. 8.0

Member B

14 Limestone, olive gray (5Y3/2) weathered sur

face, yellowish gray (5Y7/2) fresh surface, hard,

brittle, fine- to medium-grained, breaks with

a conehoidai fracture, very porous with pore

diameters ranging from 0.25 to six milli

meters that results from solution of foramini

fera tests, contains: some ferruginous stain

and medium -grained calcite crystals as pore

fillings and small veinlets; bedding thickness

is uniform with sharp, well defined bedding

planes, "karren" is well developed on exposed

surfaces. 11.0 >

13 Limestone, dark gray (N3) weathered surface,

yellowish gray (5Y7/2) fresh surface, hard,

fine-grained, slightly porous with pore diameters

averaging less than one millimeter, contains:

some ferruginous stain and an abundance of fine-

to medium -grained calcite crystals; Miliolid

foraminifera are present, bedding thickness is

uniform with sharp well defined bedding planes,

"karren" is well developed on exposed surfaces. 4. 0

12 Limestone, dark gray (N3) weathered surface,

yellowish gray (5Y7/2) fresh surface, hard, fine

grained, breaks with a conehoidai fracture, con

tains: some ferruginous stain and medium-

grained calcite crystals, Miliolid foraminifera
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BED

11

10

DESCRIPTION THICKNESS

(feet)

tests are present, bedding thickness is uniform

with sharp, slightly undulating, well defined

bedding planes, "karren" well developed on ex

posed surfaces. 35

Limestone, light olive gray (5Y5/2) to olive gray

(5Y3/2) weathered surface, yellowish gray (5Y7/2)
to moderate yellow (5Y7/6) fresh surface, hard,
fine- to medium -grained, contains: some ferru

ginous stain, medium- to coarse-grained calcite

crystals and five to 10 percent dolomite; bedding
thickness if uniform with sharp, slightly undulat

ing, well defined bedding planes, "karren" well
developed on exposed surfaces, fossils are present
but not identifiable. 3 5

Limestone, dolomitic, very light gray (N8)
weathered surface, yellowish gray (5Y7/2) to
grayish yellow (5Y8/4) fresh surface, hard,
fine- to coarse-grained, breaks with a con

ehoidai fracture, contains; some ferruginous
stain, fine- to medium -grained calcite crystals,
traces of pyrite and glauconite and 15 to 2 0 per

cent dolomite; bedding thickness is uniform with

sharp, well defined bedding planes with some

lateral variation, "karren" well developed on

exposed surfaces, fossils are present but not

identifiable. 4 q

Limestone, light olive gray (5Y5/2) weathered
surface, yellowish gray (5Y7/2) fresh surface,

hard, fine- to medium -grained, clastic, contains:

some ferruginous stain, rounded, poorly sorted

medium-grained calcareous cemented, calcite

grains and traces of pyrite; foraminifera tests are
abundant with Dictyconus sp. the only recognizable
genus, bedding thickness is uniform with slightly
undulating sharp well defined bedding planes. 3. 0

8 Limestone, light olive gray (5Y5/2) weathered
surface, dusky yellow (5Y6/4) fresh surface, hard,
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BED DESCRIPTION THICKNESS

(feet)

fine- to medium-grained, clastic, composed en

tirely of calcite cemented, foraminifera tests,

contains: some ferruginous stain and less than

five percent dolomite; bedding thickness is uniform

with sharp well defined bedding planes, surface

has honeycombed appearance where solution has

been active .

7 Limestone, light olive gray (5Y5/2) weathered kw.-*> <v=---

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine- to medium -grained, composed en

tirely of calcite cemented, foraminifera tests

among which the following can be identified:

Ammomarginulina whitneyi, Lituola edwardensis,

Dictyconus sp. , Milolidae; contains: some

ferruginous stain and glauconite; bedding is

uniform in thickness with sharp, well defined

bedding planes. 5. 5

Member A

6 Dolomite, grayish orange pink (5YR7/2) to olive

gray (5Y3/2) weathered surface, yellowish gray

(5Y7/2) fresh surface, hard, fine-grained,

slightly porous with pore diameters averaging

less than one millimeter, composed entirely of

calcite cemented dolomite, contains: some

ferruginous stain, and traces of pyrite and

glauconite; bedding thickness is uniform with

sharp, well defined bedding planes, bed weathers

to a honeycombed appearance when solution has

been active exposing great masses of caprinids. 6. 0

5 Dolomite, light olive gray (5Y5/2) to olive gray

(5Y3/2) weathered surface, yellowish gray (5Y7/2)
fresh surface, hard, fine- to medium-grained,
contains: some ferruginous stain, traces of

pyrite and glauconite; bedding thickness is con

stant with undulating, sharp, well defined bedding

planes, caprinids are abundant. 2.0
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BED

4

DESCRIPTION THICKNESS

(feet)

Dolomite, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine- to medium -grained, breaks with a

conehoidai fracture, contains: some ferruginous
stain, coarse-grained calcite crystals and traces

of pyrite and glauconite; bedding is uniform in

thickness with a little lateral variation, bedding

planes are sharp and well defined, bed weathers

to a honeycombed appearance where solution has

been active exposing great masses of caprinids. 8. 0

Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, fine- to medium -grained, composed en

tirely of calcite cemented, well sorted, foramini

fera tests among which the following can be

identified: Ammomarginulina whitneyi, Lituola

edwardensis and Dictyconus sp. , contains: some

ferruginous stain and traces of pyrite and glauconite;

bedding thickness is uniform with sharp well defined

bedding planes, calcite geodes ranging from four to

six inches in diameter are scattered throughout the

bed. 6.0

Dolomite, light olive gray (5Y5/2) weathered sur

face, yellowish gray (5Y7/2) fresh surface, hard,

fine-grained, dolomite rhombs are calcite cemented,

contains: some ferruginous stain, fine-grained cal

cite crystals and traces of glauconite; bedding thick

ness is uniform with sharp, well defined bedding

planes, weathers to a honeycombed appearance ex

posing masses of caprinids. This bed is a patch reef

which can be traced laterally for some distance. 6. 0

Dolomite, light olive gray (5Y5/2) to olive gray

(5Y3/2) weathered surface, yellowish gray (5Y7/2)
fresh surface, hard, fine-grained, calcite cemented,

contains: some ferruginous stain, medium -grained
calcite crystals and traces of glauconite; contains

great masses of caprinids, bedding thickness is uni

form, upper bedding plane is sharp and well defined,

lower contact is undulating and shows a distinct color

change from the underlying beds. 14. 0



BED DESCRIPTION THICKNESS

(feet)

WALNUT CLAY

2 Calcareous clay, olive gray (5Y3/2) weathered

surface, grayish yellow (5Y8/4) fresh surface,

soft, friable, medium-grained, contains: some

ferruginous stain and traces of pyrite; thickness

is uniform with upper and lower contacts strongly

undulating but sharp and well defined, calcite

geodes ranging from four to six inches in diameter

mark the upper Walnut-Edwards contact, contains:

Exogyra texana, Gryphaea mucronata, Loriola

whitneyi and Tylostoma pedernales. 3. 0

GLEN ROSE LIMESTONE

1 Limestone, light olive gray (5Y5/2) weathered

surface, yellowish gray (5Y7/2) fresh surface,

hard, medium-grained, contains: some ferrugi
nous stain, coarse-grained calcite crystals and

traces of pyrite and glauconite; numerous borings
are present on both fresh and weathered surface,

bedding thickness is uniform with sharp well de

fined bedding planes, upper Glen Rose -Walnut

contact is undulating but sharp and conformable,

Exogyra texana present near top of bed. 2. 0

TOTAL EDWARDS LIMESTONE MEASURED: 247

TOTAL WALNUT CLAY MEASURED: 3

TOTAL GLEN ROSE LIMESTONE MEASURED: 2

TOTAL SECTION MEASURED: 252
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MEASURED SECTION 2

Location: Bretzke Ranch, 500 feet downstream from the trace of the

Waco Springs Fault on the east bank of the Guadalupe River,

Comal County, Texas.

BED DESCRIPTION THICKNESS

(feet)

GEORGETOWN LIMESTONE

E Calcarenite, fine-grained, grey to brownish grey,

iron-stained, massive bedded, prominent jointing,

grades upward to caicilutite containing abundant

Kingena wacoensis which marks top of formation. 5. 0

Badly ironstained, contains Neithea wrighti. 3.5

Contains Neithea wrighti, Gryphaea lumachelle. 2.0

D Calcarenite, fine-grained, iron-stained, nodular,

fossiliferous, gray patina, upper part contains

Lima wacoensis, Gryphaea sp. , Arctostrea sp. ;

middle part contains Mortoniceras sp. , Protocardia

texana. 6. 5

C Calcarenite, fine-grained, nodular, iron-stained,

contains Exogyra americana, Arctostrea carinata,

Gryphaea sp. , Neithea sp. 4. 0

B Calcarenite, fine-grained, iron-stained, nodular,

vuggy, contains Arctostrea carinata, Gryphaea sp. ,

Neithea sp. 2.5

A Calcarenite, fine-grained, nodular, iron-stained,

gray patina, fossiliferous . 1.5

EDWARDS LIMESTONE

Caprinid biostrome 6. 0

TOTAL GEORGETOWN LIMESTONE MEASURED: 25. 0

TOTAL SECTION MEASURED: 31. 0
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