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"There is the fable, Chinese I think, literary I am

sure: of a period on earth when the dominant crea

tures were cats: who after ages of trying to cope

with the anguishes of mortality famine, plague,
war. injustice, folly, greed--in a word, civilised

government convened a congress of the wisest cat

philosophers to see if anything could be done:

who after long deliberation agreed that the di

lemma, the problems themselves were insoluble and

the only practical solution was to give it up, re

linquish, abdicate, by selecting from among the

lesser creatures a species, race optimistic enough
to believe that the mortal predicament could be

solved and ignorant enough never to learn better."

William Faulkner, The Reivers
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LAND-USE LIMITATIONS RELATED TO GEOLOGY IN THE LAKE TRAVIS

VICINITY, TRAVIS AND BURNET COUNTIES, TEXAS

by

Charles Marsh Woodruff, Jr.

ABSTRACT

Seven maps depicting general geology, physical prop

erties, environmental geology, soils, soil thickness, slope,

and fracture intensity describe the land in the Lake Travis

vicinity. The maps, descriptive text, and interpretive tables

provide the basis for evaluations of land-use capability.

The general geologic map shows variations in bedrock,

in surface deposits, and in the structural-geometrical rela

tions of the units. It is a basic data source for construct

ing and interpreting the other maps.

The physical properties map presents qualitative engi

neering characteristics of substrate and surface materials.

Most of the Lake Travis vicinity is underlain by carbonate

rocks that are generally stable foundations for construction.

The environmental geologic map is based on variations

in processes, landforms , and surface and bedrock materials.

Process units represent areas subject to flooding and mass

wasting as well as loci of aquifer recharge. These areas will

sustain only limited use without detrimental environmental

effects. Material-landform units represent areas that have
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constraints to land use; however, with preventive or correc

tive engineering the land could probably sustain a variety of

uses

Soils, soil thickness, slope, and fracture intensity

maps present data at a smaller scale than that of the general

geologic, physical properties, and environmental geologic maps.

Soil cover is generally thin or absent. Most of the land is

moderately steeply to very steeply sloping. High-density frac

ture zones that allow rapid water infiltration occur in some

of the area.

The land-use capability map constructed to depict suit

ability for septic tank operation shows that most of the Lake

Travis vicinity is generally unsuited for this use. The cur

rent land use map delimits areas of population pressure and

attendant competitive uses of the land. These pressures in

tensify the need for enlightened planning so that land use will

be compatible with limitations shown or implied on the basic

maps
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INTRODUCTION

Lake Travis is one of a series of seven man-made im

poundments of the Colorado River in Central Texas. These im

poundments comprise the chain of Highland Lakes, which extend

northwest from Austin and cross three counties (fig. l) . The

Highland Lakes include Town Lake, Lake Austin, Lake Travis,

Lake Marble Falls, Lake Lyndon B. Johnson, Lake Inks, and Lake

Buchanan. This chain of lakes is managed by the Lower Colo

rado River Authority (LCRA), an organization created by the

Texas Legislature in 1934 and charged with the responsibilities

of (l) flood control, (2) storage and distribution of water,

(3) sale of electricity, and (4) soil conservation. An addi

tional public benefit of the LCRA has been the development of

recreational attractions ancillary to the creation of the lakes.

Lake Travis is the largest of the Highland Lakes. It

extends into Travis and Burnet Counties and encompasses 270

miles of shoreline with a total length of 63.75 miles and a

maximum width of 2.18 miles. The expanse of lake surface area

is in excess of 29,000 acres, and the total capacity at spill

way elevation is 1,953,936 acre-feet (acre-ft). This capacity

at spillway level includes 783,184 acre-ft of floodwater stor

age above the normal pool elevation. The normal operating

level of the lake is at 681.1 feet above mean sea level (msl),

whereas the spillway elevation is at 714.1 ft above msl.

1
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Figure 1. Location of Highland Lakes in Central Texas.

(l) Town Lake; (2) Lake Austin; (3) Lake Travis; (4) Lake

Marble Falls; (5) Lake Lyndon B. Johnson; (6) Lake Inks;
(7) Lake Buchanan.
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Lake Travis is impounded behind Mansfield Dam which

was completed in 1941. The dam is 310.17 ft high and 7,098.39

ft long. It contains three electric-power generators and is

spanned by a two-lane highway. Access to the dam and lake is

provided by a network of major highways and secondary roads

that criss-cross the area (fig. 2).

Traffic arteries providing access to the lake vicinity

include U. S. Highways 183 and 281, Texas State Route 71, and

Ranch Roads 2222, 620, and 1431. In addition to the access

provided by the system of roads, there are eight aircraft land

ing fields within the Lake Travis vicinity. Mansfield Dam is

12 miles from the City of Austin. The headwardmost extremity

of Lake Travis is approximately one mile downstream from the

town of Marble Falls and is about 37 miles northwest of Austin.

Before the creation of the Highland Lakes the economy

of the region was based upon livestock grazing and extraction

of rocks and minerals. In the Lake Travis vicinity the economy

was based almost entirely on raising livestock. In large part

the region was ill suited for even this minimal use, and there

fore, land prices were low.

With the impoundment of the lakes the economic value

of the surrounding land was greatly enhanced. Concomitantly

the area around Lake Travis (as well as the other Highland

Lakes) has experienced a population boom. The attracting

forces for this population influx are the lake with scenic
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MILES

Figure 2. Location of study area (Lake Travis vicinity) show

ing access to Austin and Marble Falls.
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surroundings, a pleasant climate and many-faceted recreational

possibilities. The houses within the lake vicinity include

both permanent and weekend dwellings. The primary revenue

source in the area is now tourism and recreation.

The rapid population growth, however, has resulted in

a measurable (but as yet minor) decline in the water quality

of the lakes. This change in water quality is documented by

Pittman and others (1969) who stated that septic tank effluent

from lakeshore residences is possibly responsible for local

water quality declines. The septic tank is the waste-disposal

method used almost exclusively along all the lakes (other than

Town Lake).

As a result of the water quality deterioration, regu

latory agencies found themselves in a dilemma. The near-lake

properties are at a premium for residential development, and

indeed, sizable financial investments have already been made

toward this end. However, at the same time there have been

vocal protests by some property owners and conservationists

demanding action to preserve the quality of the lakes. These

protests have been amplified by the news media because of a

newly acquired awareness of "ecological" matters.

Studies were undertaken to follow up the work of Pitt-

man and others (1969). The Lower Colorado River Authority

along with the City of Austin contracted the Fort Worth engi

neering firm, Freese Nichols and Endress, to examine the
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physical and cultural interactions along the Highland Lakes

with special emphasis on domestic waste-disposal systems. The

report was to present recommendations and projections to the

year 1990. The most outstanding conclusion of this study is

that the lakeshore lands are almost without exception unsuited

for septic tank operation. The recommendations propose devel

opment of centralized sewage collection and treatment systems

for subdivisions and the investigation of other methods for

the isolated single- family dwelling units.

The works by Pittman and others (1969) and Freese and

others (1970a, b) served as fuel for polemics between lakefront

homeowners, self-styled ecologists, and real-estate developers.

Several public meetings were convened to air diverse viewpoints.

The septic tank was seen as the culprit, but no alternative of

reasonable cost to the homeowner existed and more houses were

constantly being built.

In response to the imperative that "something be done

to preserve the quality of the Highland Lakes" a regulation was

passed. The Texas Water Quality Board ruled that septic tanks

would be restricted within a distance of 200 ft of the lake.

Additionally, any septic tank within 2,000 ft of this restricted

zone (or 2,200 ft of the lake) was required to be tested for

suitability and licensed. The LCRA was charged with the respon

sibility of implementing and enforcing the new regulations.

The licensing procedure was predicated upon an inventory
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of the septic tanks affected by the ruling. This required co

operation from homeowners in paying a fee for registration of

their septic tanks and application for inspections. The task

of septic tank inspection was contracted to a Houston-based

engineering firm, Lockwood Andrews and Newman. The "suitabil

ity" of the septic tank system is determined by a standard per

colation test, the cost of which is covered at the homeowners'

expense through the application fee. The percolation test pre

supposes certain soil conditions and has definite restraints

that limit its applicability. These limitations are discussed

later. Suffice it to say that an inventory and licensing of

facilities is a curious response when said facilities had al

ready been deemed unsuitable. It was not without cause that

Freese and others (1970b) concluded that the septic tank is not

an acceptable means of domestic waste disposal along the High

land Lakes .

The regulations limiting septic tanks have been estab

lished by agency order. The areas affected by the regulations

are determined by a grid superimposed upon a map without con

sideration of the carrying capacity of the land for any given

use. Indeed, the grid is superimposed without regard to the

limitations of the map itself. The determination of the re

stricted and water-quality zones around Lake Travis is hindered

by the fact that Lake Travis is a multiple-use reservoir rather

than a constant-level lake. The seasonal fluctuations of the
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lake level present problems in the exact demarcation of a

shoreline datum. For the purpose of the Texas Water Quality

Board regulations the restricted zone was delimited as being

those areas below the "691-ft contour line." The water-quality

zone is the area within 2,000 ft of the lakeshore at spillway

elevation (714 ft above msl) including the land between the 714

and the 691 levels. The choice of the datum delimiting the re

stricted zone is an unusual one as there is no "691-ft contour

line" depicted on any extant map of Lake Travis. The lakeshore

perimeter affected by a part of the regulation is determined

relative to a horizon that cannot be precisely located on any

map or on the ground. The indeterminate nature of the 691-ft

contour surely carries legal implications with regard to recal

citrant residents living in the restricted zone.

The regulations were drawn up without consideration of

what was feasible. In all fairness a readily accessible, con

cise explanation of physical properties and processes in the

Lake Travis vicinity did not exist at the time the regulations

were drawn up. That information gap has prompted this study.



OBJECTIVES AND PROCEDURES

The objectives of this study have been to collect data

germane to human use of the land in the Lake Travis vicinity

and to present these data and conclusions drawn from them in

a useable form. The maps and accompanying interpretative text

and tables are to maximize the accessibility of the collepted

information.

The procedural focal point of this study has been the

construction of a geologic map. This map is based on material

differences of substrate units largely within the context of

formal geologic (stratigraphic) nomenclature. Despite the no-

menclatural drawbacks, the general geologic display was a ba

sic tool in evaluation of the physical character of the land.

Maps complementary to this basic data display were constructed,

including fracture analysis, soils, physical properties, slope,

soil thickness, and environmental geology.

The general geology, fracture analysis, soil, and slope

information were compiled at a scale of 1:24,000. The physical

properties, environmental geology, current land use, soil thicks

ness and land-use capability maps were constructed at a scale

of 1:48,000. General geology, physical properties, and envi

ronmental geology are presented at a scale of 1:48,000. All

other maps are presented at a scale of 1:96,000.

Maps depicting different aspects of the natural

9
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environment are accompanied by a descriptive text in Part I of

this report. An interpretative evaluation is contained in

Part II, which should be of most interest to the user of the

land.

A map of current land use shows the cultural pressure

points on the natural setting. The magnitude of effects of

human interactions is evaluated (Part III) in terms of the nat

ural setting. From these evaluations a map was prepared to

illustrate the capability of land to sustain intensive septic

tank use.

Conclusions are presented in Part IV. Part V consists

of appendices that give more detailed information on certain

aspects of the study. Part VI consists of references cited.



PART I

NATURAL ENVIRONMENT
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BASIC INFORMATION

General

J. W. Macon of the Bureau of Economic Geology, The Uni

versity of Texas at Austin, constructed a base map by splicing

the appropriate 7-1/2 minute quadrangle maps and photographi

cally reducing the composite. The scale of the base map is

1:48,000. The quadrangles in the composite include Jollyville,

Mansfield Dam, Bee Cave, Travis Peak, Pace Bend, Shingle Hills,

Smithwick, Spicewood, and Marble Falls.

Lack of continuous aerial photographic coverage at one

scale restricted certain aspects of the study; specifically,

the statistical fracture analysis. The fracture analysis does

not extend into the area covered by photographs of reduced

scale.

The study area thins markedly in the upper (Burnet

County) reaches of the lake. Indeed, there are other factors

besides spotty photographic coverage that have determined the

attenuated limits of the study area within Burnet County. The

lake is smaller in its upper reaches and topographic relief is

more subdued. There are, then, fewer attractive home sites at

as great a distance from the lake as exist along the lake's

lower course. The main reason, however, for constricting the

size of the study area is that there is a discontinuity in

quality and quantity of data across the political boundary line

12
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between Travis and Burnet Counties. Most of the reasons for

this phenomenon are institutional. Travis County is the loca

tion of the Texas Capitol, and as such is the home office of

many data-gathering agencies. Examples of insufficient data

in Burnet County (other than aerial photography) include soil

surveys, ground-water inventories, engineering test results,

and land-use planning surveys. Such information gulf is no

mean factor in delimiting the extent of the study area.

The resultant area of study (henceforth referred to

as the Lake Travis vicinity) includes approximately 135 square

miles with a maximum length of 25 miles in a northwest-

southeast direction and a maximum breadth of 14 miles in a

northeast-southwest direction. The study area encompasses the

land included within the water quality and restricted zones of

the Texas Water Quality Board regulations, with a few excep

tions. These exceptions occur along cartographically unwieldly

segments of tributary streams that are within the influence of

lake-level fluctuations. Tributaries with extremities trun

cated from the study area include Sandy Creek and Pedernales

River. The exclusions are mainly for the sake of cartographic

facility, although previously mentioned limitations of avail

able data also are a factor.

Climate

The generalized climate of the Lake Travis vicinity is
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subtropical with dry winters and hot, humid summers. The

mean annual temperature within the vicinity of the lake ranges

from 68F to 655F. The mean annual precipitation ranges be

tween 30 and 32 inches, and the mean annual pan evaporation is

approximately 58 inches. Arithmetic averages, however, give a

distorted picture in which seasonal extremes are statistically

dampened. A more realistic description may be gained by exam

ination of the climatic parameters in light of seasonal varia

tions

Seasonal temperature ranges are shown in Figure 3 in

which the mean January and June temperatures are contrasted.

The average daily minimum January temperature ranges between

37.5F near Marble Falls and 39F near Mansfield Dam. The

average daily maximum July temperature can be envisioned best

as an isothermal plateau at about 96F. The seasonal extremes

are a far cry from the mean annual temperature of 68F. At

face value, the 68F mean could imply the existence of such

salubrious weather conditions that neither heating nor air con

ditioning are needed.

A vectorial representation of average direction and in

tensity of surface winds indicates a prevailing southeasterly

wind in the Lake Travis vicinity (Environmental Science Services

Information in this section was obtained from "Climatological

Summaries" distributed by the State Climatologist, Austin, Texas.
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Administration, 1968). However, statistical weighting of the

predominant winds associated with weather conditions in the

Gulf of Mexico obscures the impact of winter northerly winds

accompanying cold fronts. These "northers" result in a chill

factor effect that despite their short duration seem to belie

the moderate average temperature during winter months.

A factor of importance to land use (especially outdoor

recreation and agricultural activities) is the mean annual

growing season or continuous frost-free days depicted in Fig

ure 4. The expanse of time during which the temperature re

mains above freezing ranges between about 235 and 255 days in

the lake vicinity. An additional statistic germane to winter

recreational activities shows that freezing temperatures occur

on the average of less than one night in every two during win

ter. Indeed, bitterly cold weather is usually a short-lived

phenomenon associated with occasional "northers." These cold

weather interludes seldom last longer than 36 to 72 hours.

Average annual precipitation is depicted in Figure 4.

The 31-inch isoheyt coincides roughly with the map area of the

lake. Once again, the statistical mean can be misleading be

cause the distribution of rainfall is not uniform throughout

the year. Rather than an average rainfall of about 2.58 inches

each month (as derived from the mean annual precipitation)

there is a bimodal distribution. The maxima generally occur

in late spring and early fall. The minima occur in midwinter
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and midsummer. The data from the Austin station demonstrate

the magnitude of deviation from the mean. The average monthly

rainfall at Austin (derived from mean annual precipitation) is

2.7 inches but in actuality bimodal maxima occur in May and

September with 4.19 and 3.63 inches, respectively. The minima

occur in January and June with 2.06 and 2.19 inches, respec

tively. Snow is quantitatively insignificant.

Regardless of statistical shortcomings, there is good

reason for presenting values of average annual precipitation.

The mean precipitation value within a context of seasonal fluc

tuations and temperature gives a rational basis for understand

ing several factors important to land use. These factors in

clude native vegetation assemblages, agricultural limitations,

erosion rates, and surface-water quality and quantity.

Another factor important to land use is the probability

of occurrence of "extraordinary climatic events," such as rain

fall of unusual magnitude or duration. The Balcones escarpment

of Central Texas is cited (Hoyt and Langbein, 1955, P* 47) as

being the locus of greatest frequency of large flood-producing

storms in the United States.

It was in this region that the largest rainfall ever

recorded in the United States occurred in September 1921 at

Thrall, Texas. During that event, 36.40 inches fell within an

18-hour period (Proctor, 1969). Another extraordinary event

occurred when 22 inches of rain fell near D'Hanis, Texas, in 2
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hours 45 minutes on May 31, 1935. This, also, is a record

rainfall for the duration of event.

The Balcones escarpment is an orographic influence for

the convergence of moist, unstable tropical air masses that

move northeast from the Gulf of Mexico. The climatic hazard

results in an ominous flood potential (geologic hazard) through

out the area.

Hydrology

Surface Water

The dominant surface-water supply in the area is the

lake itself. The lake contains 1,170,752 acre-ft at normal

pool elevation, but during much of the year, especially from

early spring to late summer, the lake level falls below the

normal operating capacity. Factors affecting the lake level

include inflow from upstream water sources and adjacent tribu

taries (which in turn is dependent upon weather conditions),

flow through the penstocks for downstream municipal and agri

cultural uses, flow through the generators dependent upon sea

sonal power demand, evaporation, and on- lake domestic use.

The all-time low level of the lake occurred in July

1952 when the lake level stood at 614.85 ft above msl. The

all-time high lake level of 707.38 ft above msl (6.72 ft below

spillway) occurred in June 1957.

Table 1 presents part of a seven-year water budget on



Table 1. Seven-YearWater Balance for Lake Travis

Year

1972

1971

1970

1969

1968

1967

1966

Discharge
(acre ft)

646,645

1,075,747

1,504,380

1,083,209

2,063,185

624,866

823,761

Evaporation
(acre ft)

88,818

77,987

91,564

87,462

82,051

85,958

84,967

Stream Flow (acre ft)

*Net flow is water contributed by inflow from upstream impoundments.
"Uncontrolled flow is base flow of streams, and direct runoff computed without
regard to flow from upstream reservoir storage pools.

net* uncontrolled**

106,071 691,063

32,114 1,492,074

321,467 1,465,590

257,160 1,454,922

589,716 2,630,246

38,122 586,721

154,196 955,647
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Lake Travis. These data were obtained from unpublished LCRA

records. Noteworthy is the amount of water loss by evapora

tion, especially considering that evaporation on two occasions

during the short period of record exceeds the upstream lakes'

net flow. Uncontrolled flow is another parameter of interest.

This is an estimate of total inflow other than that excess ob

tained from upstream lake storage and discharge. In other

words, uncontrolled flow represents base flow of all streams

and rivers estimated as if there were no lakes present. The

long-term (72 years) average uncontrolled flow 3 1,736,116

acre-ft per year, which is significantly in excess of such flow

during almost all recent years of record. The reason for this

long-term decline may be because of increased upstream water

conservation practices by means of contour plowing, terracing,

small catchment basins and stock tanks, and moderate-sized im

poundments on upstream tributaries.

Lake Travis stratifies seasonally due to density dif

ferences between cold, deep water and warmer surface water.

The differential warming is a result of solar radiation and

shallow wind-generated mixing of the lake water. According to

R. J. Harwood (personal communication, 1973), the cycles of

stratification occur such that the unmixing of hot and cold

layers begins by 2 March. The lake is completely stratified

each year by 29 April. Autumn transition (remixing) occurs by

about 13 December and the transformation to a homogeneous body
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of water is completed by 25 December.

The stratification affects lake water quality. During

the summer period of stratification dissolved oxygen is gradu

ally depleted in the hypolimnion (deep water stratum). Fruh

and Davis (1969) noted that by early August dissolved oxygen

was no longer present in the deeper parts of the lake. Local

ized increase in nutrients occur; this is because of the pau

city of organisms in deeper water that would otherwise consume

the nutrient ions.

Overall, Fruh and Davis (1969, p. 101) found a remark

ably low concentration of inorganic nitrogen and total phos

phorous available for algae growth in Lake Travis. Also, there

is a decrease in total bacteria numbers compared to upstream

lakes. Generally, the bacteria count was not indicative of

pollution. However, Freese and others (1970b, p. 195) dis

cussed incipient water quality declines in Lake Travis, stating

that there are indications of the "possibility of pollution

from septic-tank effluent."

The lake experiences a complete through flow of its wa

ter volume on the average of once a year (R. J. Harwood, per

sonal communication, 1973). This allows a flushing effect and

continual regeneration of water quality rather than stagnancy.

Ground Water

Unpublished ground-water data for western Travis County
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were obtained from the Texas Water Development Board. Two

aquifers are separated for these data: the Glen Rose and the

"Hosston Sand" (used in this context to mean the "Trinity

Sands" consisting of water-bearing beds from the Sycamore Sand

upward through the Hensel Sand inclusive). The Glen Rose

water-bearing strata range in depth from 15 to 450 ft, averag

ing 150 ft. Well yields range from 5 to 30 gallons per minute

(gpm), averaging 10 gpm. Total dissolved solids range from

250 to 1200 parts per million (ppm), averaging 500 ppm. The

"Hosston Sand" wells range in depth from 100 to 1200 ft, aver

aging 500 ft. The well yield ranges from 10 to 80 gpm, averag

ing 20 gpm. Total dissolved solids range from 250 to 1400 ppm

with an average of 600 ppm.

At the outset of this project it was envisioned that

ground-water quality information would be a major input. The

initial idea was to actually document areas of pollution that

could be correlated with zones sensitive to environmental abuse

as determined from the accumulated physical data. As work pro

gressed, the physical data accumulation and evaluation expanded

at the expense of water-quality determinations. A proper study

of the hydrogeochemistry of the Lake Travis vicinity would re

quire analytical instruments not available to me. Sampling and

analysis of water samples to show relations between water qual

ity and human activities would be a fruitful follow-up to this

study.
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Physiography

The Lake Travis vicinity includes parts of two major

physiographic provinces, the Edwards Plateau and the Llano "ba

sin" (fig. 5)* However, "Hill Country," the colloquial name

given to most of the land around Lake Travis, is a subprovince

of the Edwards Plateau.

The "Hill Country" comprises the highly dissected,

high-relief terrain between the Balcones fault zone to the east

and the rest of the Edwards Plateau farther west. The typical

"Hill Country" terrain occurs where the massive limestone cap

of the plateau has been breached and streams have incised

deeply into less resistant rocks below. The deep incision re

flects an attempt by streams to come to grade across the Bal

cones escarpment. The "Hill Country" is underlain by rocks of

Cretaceous age.

The headwaters of the lake flow through an area under

lain by much older Paleozoic rocks, a terrain lower in relief

than the adjacent "Hill Country." The low-relief area along

the upper reaches of Lake Travis marks the eastern extremity of

the Llano physiographic basin.

The lake and its network of tributary drainages is a

dominant physiographic feature. There is a reciprocity between

the surface-drainage nets and the underlying bedrock, in that

streams have sculptured the landscape, and underlying bedrock

has affected the paths of surface streams. Prominent meanders
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occur along the main channel of the lake, and straight stream

segments and angular bends occur along many tributaries. The

Pedernales River debouching into the lake in its south-central

reaches enhances the serpentine shape of the water courses as

seen in plan view. Exaggerated meanders and angular turns re

flect control of stream patterns by bedrock fractures as frac

tures afford areas of low resistance to erosion along which

the surface water preferentially erodes.

The total relief within the map area is 769 ft. The

highest elevation within the Lake Travis vicinity is 1,262 ft

above msl. The lowest elevation is 493 ft above msl.

Geology

Regional Geologic Elements

The important regional geologic elements in the Lake

Travis vicinity are the Llano uplift and the Balcones fault

zone (fig. 6). Also the Ouachita structural belt and the

Stuart City reef trend are depicted on Figure 6. All four of

these features have a bearing on the detailed stratigraphic

discussion presented in Appendix I.

Llano Uplift

The Llano uplift is an elliptical domal structure in

which crystalline Precambrian rocks and Paleozoic strata are

exposed at the surface. The Llano uplift has been a locus of

repeated diastrophism since at least early Cambrian time, and
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28

it probably has been a positive feature affecting depositional

patterns throughout the Phanerozoic (Barnes and others, 1972).

There were repeated marine transgressions across the area

(Plummer, 1950). The Llano uplift has also been an important

contributor of terrigenous detritus during times when it stood

above sea level.

The Llano uplift is a physiographic basin of low to

moderate relief. This basin is rimmed by topographically

higher, relatively flat, resistant, Cretaceous rocks. Fault

blocks in the Paleozoic rocks surrounding the Llano uplift are

believed to be related to episodic doming (Warner, 196l) The

faulting, Llano doming, and compressional forces of the Ouach

ita events are interrelated (V. E. Barnes, personal communica

tion, 1973).

Balcones Fault Zone

The Balcones fault zone consists of high-angle, dip-

slip, largely down to the southeast, en echelon faults whase

strike lengths extend for at least 350 miles. Hard Lower Cre

taceous limestones are faulted against Upper Cretaceous clays

and marls. The total stratigraphic displacement near Austin

is approximately 1,600 ft (Garner, 1973).

The juxtaposition of contrasting lithologies has re

sulted in a marked physiographic expression of the faulting.

Erosion of the soft younger rocks on the western side of the
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fault zone occurred, and streams incised the hard Lower Creta

ceous strata. This has resulted in the steeply dissected

topography of the Texas "Hill Country." On the eastern side

of the fault zone the topography consists of the low rolling,

fertile Blackland Prairie. The physiographic break between

the "Hill Country" and the Blackland Prairie is known as the

Balcones escarpment.

The deep incision of the Colorado River and its trib

utaries in response to the faulting is important to land-use

problems along Lake Travis. In addition to the steep slopes

and the highly dissected carbonate terrane the incised Colo

rado River has exposed the so-called "Trinity Sands" of the

lowermost Cretaceous. The strata exposed comprise the recharge

zone of a significant local aquifer.

Stratigraphy

The rocks of the Lake Travis vicinity consist of sur

face deposits of Cenozoic age, Mesozoic (Cretaceous) rocks, and

Paleozoic strata. Additionally, Precambrian igneous and meta-

morphic rocks are exposed only a few miles from the western

edge of the Lake Travis vicinity. Figure 7 shows the schematic

relationship between the generalized time-related rock cate

gories, the physiographic provinces, and the regional geologic

elements of Central Texas.

The geologic map contains 18 units, most of which are
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formal stratigraphic units (groups and formations). However,

certain informal bedrock and surface units are mapped. Figure

8 depicts a generalized stratigraphic section of the rocks

(both formal and informal members) in the Lake Travis vicinity.

An abbreviated description of each of the geologic

units follows. A more detailed discussion of environments and

processes of origin, and nuances of rock texture and composi

tion are presented in Appendix I. Although the geologic map

is of prime importance for various interpretations, the discus

sion of geologic units is mainly prefatory to subsequent sec

tions

Paleozoic rocks. The geologic units are discussed be

ginning with the oldest and ending with the youngest. The old

est rocks in the Lake Travis vicinity are the Paleozoic strata.

They consist of the Ellenburger Group, Barnett Shale, Marble

Falls Group, and Smithwick Formation. These rocks range in

age between about 500 and about 250 million years old.

The Ellenburger Group consists of hard, thick-bedded

limestone with lenses and nodules of chert. A total thickness

of approximately 200 ft of Ellenburger was mapped in the west

ernmost part of the area. These strata were uplifted, deformed,

and eroded prior to the deposition of younger rocks. Sinkholes

and caves occur locally.

The Barnett Shale consists of dark claystone with some

large concretionary limestone balls. The unit is about 20 ft
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thick and is exposed in a narrow outcrop band between the

Ellenburger and Marble Falls Groups. Its areal extent is di

minished because of slump debris coverage.

The Marble Falls Group consists of hard cherty lime

stone, which is more thinly bedded and darker than Ellenburger

rocks. The maximum thickness mapped is about 300 ft. The up

per (younger) and easternmost exposures are progressively more

shaly and eventually grade into the siliceous shale of the

Smithwick Formation.

The Smithwick Formation is separated into two informal

map units. The predominant unit is a dark claystone (shale

unit) that may be as thick as 450 ft. Much of the area under

lain by claystone is covered by debris from overlying rocks.

The other map unit (sandstone unit) discriminated from the

Smithwick Formation consists predominantly of hard lenticular

sandstone beds. These resistant beds are usually less than 50

ft thick but they stand out topographically from the more sub

dued claystone terrane.

After deposition of the Paleozoic strata the rocks

were uplifted, deformed, and subjected to erosion until the

time when the first Mesozoic rocks were deposited. The span

of time during which the older rocks were eroded approached

100 million years.

Mesozoic rocks . Formations of Mesozoic age include

Sycamore Sand, Hammett Shale, Cow Creek Limestone, Hensel Sand,
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Glen Rose Formation, Walnut Formation, and Edwards Limestone.

The ages of the rock units range between about 120 and 90 mil

lion years old.

The Mesozoic rocks were deposited on the Paleozoic ero-

sional surface. The first Cretaceous (possibly Jurassic) sedi

ments consist of sand, gravel, and cobbles of the Sycamore

Sand. This material is generally only semiconsolidated, but

locally it may be well cemented. Formational thickness of the

Sycamore Sand in the Lake Travis vicinity is approximately 50

ft.

The Hammett Shale unconformably overlies the Sycamore

Sand. It is composed of siltstone, claystone, and minor con

glomerate. Its maximum thickness is about 30 ft, but exposures

are commonly obscured by limestone slump blocks from overlying

beds

The Cow Creek Limestone consists of cross-bedded lime

stone and minor dolomite and siltstone. The maximum mapped

thickness of this formation is about 60 ft. This limestone

forms bluffs at lakeshore along the middle part of the lake.

It contains many small solution-enhanced openings.

The Hensel Sand unconformably overlies the Cow Creek

Limestone and consists of basal conglomerate grading upward

into sandstone and siltstone. These deposits may be friable

or well cemented. The poorly indurated sand and silt comprise

one informal member of the Hensel (Member l) , whereas the
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cemented sandstone is discriminated as another less extensive

unit (Member 2). The maximum mapped thickness of Hensel Sand

is about 80 ft. Exposures of Member 2 are no more than 50 ft

thick.

The Glen Rose Formation is the dominant rock unit

within the Lake Travis vicinity. It is over 500 ft thick in

some areas and crops out over 50 percent of the area. It gen

erally consists of alternating beds of hard to soft limestone,

dolomite, and soft fossiliferous marl. These beds of alter

nating durability form the stairstep topography characteristic

of the "Hill Country." The Glen Rose Formation is subdivided

into three informal map units based upon relative amounts of

dolomite

Member 1 is gradational with the siltstone and sand

stone of the Hensel Sand. In its lower part it is composed

mostly of silty dolomite. Higher in the section it consists

of porous limestone, dolomite, and marl. It ranges from 60 to

120 ft thick.

Member 2 is largely alternating beds of hard to soft

limestone, soft marl, and thin-bedded dolomite. It ranges in

thickness from 150 to 250 ft.

Member 3 is composed mostly of porous, surficially fri

able dolomite. Its maximum thickness in the Lake Travis vicin

ity is about 120 ft .

The Glen Rose alternating beds are overlain by similar
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alternating beds of the Walnut Formation. The Walnut, however,

is only 40 to 80 ft thick. Its physiographic expression is

also similar to that of the Glen Rose Formation.

Hard limestone beds of the Edwards Formation cap the

highest hills and divides of the Lake Travis vicinity. There

is a maximum of 100 ft of hard limestone, the presence of which

marks the separation between the dissected "Hill Country" and

the nearly flat continuous Edwards Plateau. Small solution

features are abundant in this limestone unit. Elsewhere in

Central Texas this formation is cavernous.

Cenozoic rocks. The Cenozoic deposits are all surface

veneers, not through- going strata. Three such surface deposits

are delineated on the geologic map. They are the alluvium and

alluvial terrace deposits, the residuum and calichified veneer,

and the colluvial deposits. All the surface deposits are geo

logically recent sediments. The oldest deposits are probably

only a few thousand to a few tens of thousand years old.

The alluvium and terrace deposits consist of conglomer

atic assemblages of clay, sand, silt, and gravel occupying both

present floodplains and higher abandoned stream courses. Maxi

mum exposed thickness is about 50 ft. Total thickness may be

as much as 120 ft. These deposits are commonly calichified.

The residuum and calichified veneer may be gradational

with the alluvial deposits. However, the residuum consists of

angular fragments of indigenous rocks that do not appear to
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have been transported by water over more than a few feet.

Usually these deposits are not more than 10 ft thick.

Caliche is pervasive in the alluvium and residuum; in

some localities it is a nearly pure calcium carbonate deposit.

This may be a residual material resulting from the weathering

of a limestone, or it may be a calcified soil.

The colluvial material consists of three types. Large

blocks of Cow Creek Limestone may be slumped upon the recessive

Hammett Shale. Loose cobbles and pebbles or cemented rotational

(toreva) blocks of Sycamore Sand may veneer lower slopes com

posed of Smithwick Shale. Small flags and blocks of Glen Rose

Limestone cover some recessive marly interbeds. The Glen Rose

variety of slump deposit is usually so limited areally that it

is unmappable. This material is usually only a few feet thick.

Structure

The Paleozoic rocks are cut by a series of northeast-

southwest trending normal faults, the displacement of which is

generally down to the southeast. The Ellenburger rocks dip

steeply (about 20 locally) southeast. The Marble Falls and

Smithwick strata dip north and northeast at 5 to 12. These

rocks have been disturbed mainly by doming of the Llano uplift

and compressional forces associated with the Ouachita orogenic

events

The Cretaceous rocks regionally dip away from the Llano
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high. In the area of study the dip is southeast at about 20

ft per mile. Locally, there are minor flexures superimposed

upon the regional gradient, and a few northeast-southwest

trending faults of minor displacement (seldom greater than 50

ft) are associated marginally with the Balcones fault system.

Fracture Analysis

Plate 2 presents aerial photographic interpretations

of relative bedrock fracture density in the Lake Travis vicin

ity. This analysis extends only into areas covered by aerial

photographs at a scale of 1:20,000 (areas adjacent to the

downstream lake reaches).

The features mapped are referred to as "fracture

traces" and "lineaments." Both are defined by Lattman (1958)

as "natural linear features consisting of topographic (includ

ing straight stream segments) vegetation or soil tonal align

ments visible primarily on aerial photographs." Fracture

traces are features that are expressed continuously for less

than one mile, whereas lineaments are expressed continuously

for at least one mile or discontinuously for more. These fea

tures, although not fractures in rock per se, typically are

surface indications of joints or faults in bedrock. The number

McQueen (1963) and Boyer and McQueen (1964) analysed the upper

reaches of Lake Travis for fracture occurrence (although not

for fracture intensity).
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of such features observed on aerial photographs is thought to

be a function of fracture density in bedrock.

Fracture traces were mapped using the techniques of

Trainer (1967), and a count of lineations per unit area was

made to present relative fracture density. The numerical anal

ysis of the fracture traces was done using a point count tech

nique described by E. G. Wermund (personal communication,

1973). A sliding grid based on 4,000 ft (2 inches) centers at

a scale of 1:24,000 was used. After each area of 0.59 square

mile (sq mi) was analyzed, the grid was moved laterally 2,000

ft (l inch) so that there was a continuous overlap of the point

count, thus a dampening of marked discontinuities in fractures

per unit area.

The sum of each fracture trace point count unit per

area was then contoured (pi. 2) to show areas having abnormally

high fracture trace density.

Areas underlain by less competent rocks show a lower

fracture intensity. These areas include the poorly indurated

sands of the Hensel and Sycamore Formations and the marl beds

in the Glen Rose Formation. Areas of low relief underlain by

the Glen Rose and Edwards Formations also show a relatively low

fracture density. The example of the low-relief low-fracture

trace correlation is not necessarily a true relationship. High

relief and associated increases in drainage density might re

sult in more fracture traces being discerned. Thus, terrain
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factors may affect an otherwise unbiased fracture evaluation.

Areas of high fracture density may afford avenues for

infiltration of fluids within a rock of otherwise low permea

bility.

Soil

The definition of soil varies among disciplines. The

agronomist defines soil as the medium that supports plant life

("support" includes structural containment of the root system

and nutrient supply). The engineer defines soil as any uncon

solidated earth material that can be excavated without blast

ing. The geologist defines soil as unconsolidated, biologi

cally fecund material formed by surficial weathering of a geo

logic substrate. The three definitions are based upon biotic,

mechanical-empirical, and genetic criteria, respectively. The

diversity in definitions has resulted in the designation of an

unseemly array of materials as "soil."

Distinction between soil and bedrock is usually very

clear to a geologist. However, there is a category of geologic

material that is neither "fish nor fowl." These are the sur

face deposits (Hunt, 1972). Surface material is unconsolidated

veneer that covers bedrock. It includes unlithified deposits

that are laid down by various transportation media, as well as

residuum or unconsolidated debris formed in place by physical

and chemical breakdown of parent rock. Hunt (1972) makes a
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statement that residuum is equivalent to the engineer's soil.

The two definitions, however, are not mutually inclusive. Some

residuum may be inter layered with hard rock so that technically

it is not a surface material, much less a soil. The marls in

the Lake Travis vicinity are an example of this. Also, much of

what the geologist considers "bedrock" is soil to the engineer.

The clastic wedge that comprises the strata of the Texas Gulf

Coastal Plain is 15,000 ft or more of "soil" to the engineer.

The same material is not soil, nor is it unconsolidated surface

material to the geologist and agronomist. Instead, it is bed

rock, pure and simple.

These points are belabored only because thickness of

"soil" is a land-use criterion with ramifications that apply to

the problem at hand. It behooves one then to point out the dis

crepancies that allow seemingly rigorous land-use regulations

to go unheeded.

Most of the Lake Travis vicinity is underlain by car

bonate rock. This predominant geologic terrane has only scanty

soil cover (pi. 3). The reason for this is largely because of

the influence of parent material and climate. Limestones are

composed mostly of the mineral calcite (CaC0~). Many lime

stones such as the rocks around Lake Travis contain a paucity

of terrigenous material (e.g., sand, silt, or clay). On slopes

where water infiltrates into limestone bedrock, the calcium

carbonate dissolves. The rock is removed slowly in aqueous
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solution leaving behind to form soils only whatever insoluble

fraction might be present.

Besides a small amount of insoluble residue the soil

scarcity is further compounded by steep, hilly terrain such as

occurs on the Glen Rose Formation. Thus, whatever detritus is

left behind in the solutional wasting is transported downslope

and deposited in local catchment basins (e.g., concave slopes

or the lake). Under even the best conditions of soil formation

the thinnest soils mantle hill slopes and the thickest soil oc

cupies valley floors. This is especially important considering

the areal extent of 8 percent slopes or greater.

The ambient climatic setting is important in soil for

mation, because the amount of precipitation and evapotranspira-

tion limits available water. There are, however, microclimatic

(or soil-climatic) variations within the larger macroclimate

regime. Examples of extremely well-drained surfaces are seen

both on porous flat limestone and on steep slopes underlain by

clay. In either example, little moisture is retained within

the "soil" so that an arid microclimate prevails. Thus, xero-

phytic vegetation proliferates on both terranes.

The soil units mapped within the Lake Travis vicinity

are based upon work done by the U. S. Department of Agriculture

Soil Conservation Service (SCS). The agronomists' soil defini

tion is corroborated by the close alignment between soil units

and geologic formations. In fact, that part of the soil map
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extending into Burnet County is derived from the geologic map,

whereas the Travis County map was compiled from extant SCS in

formation. The generalized soil map obtained from the geologic

base fits a reasonably accurate picture in terms of soil series

as stated in the field by an SCS soil scientist (W. H. Ditte-

more, personal communication, 1972).

Table 2 presents the units depicted on the soil map in

terms of parent material, landscape, thickness, texture, and

other descriptive modifiers. Soil textural terms are eluci

dated on the ternary diagram (fig. 9). Specific geologic

units, soil associations, and vegetative assemblages are pre

sented on Table 3.

Vegetation

The limestone and alternating bed terranes that com

prise most of the area of study consist of a juniper- live oak

vegetative assemblage. The claystone terrane consists of a

mesquite-acacia assemblage. The sand, gravel, and conglomerate

terrane consists of post oak, mesquite, and acacia. Correla

tion between bedrock and vegetation has been pointed out by

Cuyler (1931). A general relationship between geologic forma

tion, mapped soil units, and vegetative assemblages is presented

in Table 3.

Specific bedrock-vegetation correlations include the

presence of xerophytes on extremely well-drained surfaces



TABLE 2. Description of Soil Units (Adapted in Part From SCS Unpublished Sources)

SOIL UNIT

(Series)

PARENT MATERIAL LANDSCAPE THICKNESS

(in.)

TEXTURE

(USDA)

COMMENTS

Brackett Limestone-

Alternating
beds

Hilly uplands 0-20 Gravelly loam-

clay loam

Limestone rubble or

bedrock may cover up to

75 percent of surface

Tarrant Limestone Steep slopes-

plateau land

0-20 Stony clay-
loam

85 percent of surface may be

covered by limestone

blocks

Volente Alternating
beds

Concave slopes

(valley bottoms)

30-50 Clay loam-

silty clay

Contains limestone "float"

Travis Sand and

Conglomerate
(Alluvium)

Low slopes-
terrace surfaces

20-80 Sandy loam-

sandy clay-
sandy clay loam

Contains admixed pebble and

cobble-sized fragments

Pedernales Sand and

Conglomerate

Variable low

slopes

0-75 Sandy loam-

sandy clay loam

Contains pebble and cobble

fraction, bedrock may

be at surface

Mixed

Alluvium

Alluvium

(or bedrock)

Active stream

courses-floodplains

040 Loam (locally) Not a true soil; defined

by stream course, may be

bare rock outcrop

Owens Claystone
(minor sandstone)

Low slopes-
dissected streambanks

0 20 Clay-

clay loam

Contains blocky sandstone

(Exray soil inclusions)

Hensley Limestone Variable to low

rolling slopes

0-20 Loam-

clay loam

Admixed limestone and

cherty residuum (similar

to Tarrant)

Hardeman Alluvium River terraces

below Mansfield Dam

54-72 Fine sandy loam-

silty loam

Thick well-drained soil
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Table 3. Generalized Relation Between Bedrock, Soil, and Vegetation

Geologic Unit Soil Association

Alluvium & Terrace Travis-Mixed alluvium-

Pedernales, Hardeman

Edwards Tarrant

Walnut Brackett-Tarrant

Glen Rose #3 Brackett-Tarrant

Glen Rose #2 Brackett-Tarrant

Glen Rose#1 Brackett-Tarrant

Hensel #2 Pedernales-Tarrant

Hensel # 1 Pedernales (Dougherty)

Cow Creek Tarrant

Hammett (no soil equivalent)

Sycamore Pedernales-Travis

Smithwick Sandstone Owens (Exray)

Smithwick Shale Owens (Ellis)

Marble Falls Hensley (Harper)

Barnett (no soil equivalent)

Ellenburger Hensley (Harper)

( ) indicates an associated soil series not mapped,

Vegetative Assemblage

Post oak-mesquite-elm-
pecan-cottonwood-sycamore-
bald cypress

Live oak-xerophytes

Live oak-juniper-Spanish
oak

Sparse juniper-live oak

Live oak-juniper

Live oak-juniper

Mesquite-post oak-elm

Mesquite-post oak-acacia

Live oak-xerophytes

Mesquite-acacia

Mesquite-post oak

Post oak-mesquite

Mesquite-acacia

Live oak-juniper

Mesquite-acacia

Live oak-juniper.



(either fractured-cavernous limestone or steeply-cut clay

slopes). Another example is the affinity of live oak trees

for well-drained limestone ledges, whereas juniper trees are

found more commonly on marl beds. Mexican persimmon trees

proliferate where water is available, thus serving as indi

cators of seeps and springs.



DERIVATIVE INFORMATION

Specific information can be derived from the geologic

map without new input of data. As a result, rock units may be

regrouped on the basis of characteristics of materials. How

ever, derivative mapping need not be confined to interpretative

regrouping of a geologic map. A slope map is derived from a

topographic map. A soil thickness map is derived from the gen

eral soil map. In each, derivative factors exist on a more

general map, but the relationship is not always obvious and may

not be visible to the untrained observer. Also, unmapped data

may be used in constructing a derivative map. The complex re

lationships and interplay of diverse sources of data in con

structing a derivative map are shown in Figure 10. For example,

the environmental geologic map is partially derived from the

general geologic display, and is in part an assimilation of

additional information (i.e., stream basin analyses, air photo

interpretation)

Physical Properties

The physical properties map (pi. 4) is a true deriva

tive presentation. The units of physical properties are simpli

fied recombinations of the basic stratigraphic units defined

without regard to age. Thus, limestones are classified within

the same category regardless of whether they are 500 million

years old, 250 million years old, or 100 million years old.
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50

The geologic map contains 18 units whereas the physical prop

erties map has refined this number to ten.

The physical properties map units (pi. 4) are classi

fied as two general types: bedrock units and surface units.

The bedrock units include all strata of pre-Quaternary age.

These materials form a laterally continuous rock foundation on

which surface deposits and soils are only a veneer. The sur

face units are not through-going strata; they result from rela

tively recent processes (such as stream activity, weathering,

or mass wasting).

Variations in engineering characteristics are implicit

in physical properties units. Actual test results for soils

and bedrock properties exist only for the units that are ex

posed in more populous areas (the area around Austin). These

units include Glen Rose, Walnut, and Edwards Formations, and

alluvial terrace deposits. There are no engineering test data

for the older formations that crop out in the western, mostly

undeveloped lakeshore. Nevertheless, qualitative values have

been assigned to the engineering parameters of the untested

units. The qualitative values are determined by field observa

tions of properties and extrapolations inferred relative to

tested rock materials in the Austin area (Rodda and others,

1970; L. E. Garner, personal communication, 1973).

Where appropriate (that is, where the material is un

consolidated and could be construed as "soil11 by engineers)
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soil engineering data have been used in determining physical

properties. These data were obtained from the SCS unpublished

files and were used in evaluating the properties of shale,

sand, and alluvium. However, most of the land in the Lake

Travis vicinity has only a thin soil mantle over bedrock, so

that the engineering characteristics refer to bedrock proper

ties and not soil. These characteristics include slope stabil

ity, foundation strength, excavation potential, permeability,

shrink-swell, and corrosion potential.

Slope stability is an expression of the property of

material to support its own weight in a slope face. Field map-

pability (i.e., where engineering test data are not available)

is based on landform expression. If the material supports

steep slopes or forms escarpments, its slope stability is

classed as high. If the material slumps readily, is covered

by colluvial veneer, and seldom forms escarpments, the slope

stability is assumed to be low (relative to surrounding materi

al).

Foundation strength is a qualitative statement of rock

competency. In the disciplines of rock mechanics and soil

mechanics, there are precise quantitative tests of strength and

bearing capacity which are applied to foundation design (table

4). In this study, well indurated rock of moderate extent and

thickness is judged to have high foundation strength. Evalua

tions regarding foundation strength of unconsolidated material
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TABLE 4. Compressive Strengths of Common
Rock Types (From: Griswold, 1966, p. 346)

ROCK TYPE

Granite

Basalt

Limestone

Sandstone

Shale

COMPRESSIVE STRENGTH

(psi)

20,000 40,000

10,000 35,000

10,000 35,000

6,000 22,000

6,000 28,000



53

are based on composition (amount of clay), textural aspects

(sorting and degree of compaction), and overall geometry (bed

ding and interf ingering of nonhomogeneous facies.

Excavation potential, like foundation strength, is a

qualitative expression of competency of rock. A high excava

tion potential indicates that the material can be excavated

with hand tools or such power equipment as a backhoe. Low

excavation potential means that blasting will probably be re

quired.

Excavation potential also has been quantified. The

Caterpillar Tractor Corporation has correlated seismic veloc

ity to rippability of different earth materials. Although no

seismic data were available, the calibration is worthy of note

(fig. 11).

Before permeability is discussed, it is in order to

differentiate between porosity and permeability. Porosity is

the percentage of void space in a material compared to the ma

terial's total volume. Porosity in rock varies with shape of

constituent grains, sorting and packing, and degree of cementa

tion. Permeability is the capacity of a porous medium to trans

mit a fluid. Permeability is a function of porosity only to a

partial degree in sand. Size and interconnection of pore space

is more important to the transmission of water than is total

volume of openings

Relative permeability is estimated by field observations
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of rock properties. Any fractured or cavernous limestone is

considered highly permeable, although it is recognized that

the permeability is localized. Unfractured, semi-indurated

deposits with a high clay content are assumed to have a low

permeability. The unconsolidated or semiconsolidated materi

als mapped are graded regarding permeability based on the

amount of clay at the surface or in near-surface soil horizons.

There often is a near-surface decrease in permeability because

of clay eluviation in soil-forming processes.

Shrink-swell is the susceptibility of certain materials

to undergo volume changes during wetting and drying. This is

a direct function of the amount and variety of clay. Certain

clay minerals expand when wet and contract again when dry. The

changes in volume can result in increased static stresses on

materials (foundations), increased downslope movement, and dif

ferential settling of structures. Of the three most common

clay minerals, montmorillonit e has the highest shrink-swell po

tential, followed by illite, then kaolinite. The evaluation

of shrink-swell potential has meaning only for unconsolidated

deposits. The shrink-swell potential of a well indurated mate

rial is virtually nil.

Corrosion potential, like shrink-swell, is largely a

function of the amount and type of clay minerals in a deposit.

The corrosive influence is perhaps related more to the water-

holding capacity of the clay than to clay composition. Water
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in the presence of free ions associated with clay can effect

electrolysis. In so doing, buried material such as pipes,

cables, and even concrete can be chemically attacked. In a

very well-drained substance or in a dry climate, corrosion

will not be as effective regardless of substrate material.

The discussion of the physical properties units are

supplemented by tabular explanations. Table 5 presents a con

densed description of each unit. Table 6 correlates the phys

ical properties units with previously mentioned engineering

characteristics

Bedrock Units

Limestone . The limestone unit consists of well indu

rated rock, the removal of which requires blasting. It exhib

its excellent characteristics for foundations of buildings

high strength and high slope stability and no shrink-swell.

There is little or no soil cover so bedrock is usually at the

ground surface. In some circumstances, this presents construc

tion difficulties.

Scattered sinkholes attest to local cavern development.

Permeability, however, may be considered as a local property

confined to fractures enhanced by solution, bedding planes, or

fossil casts rather than intergranular porosity. Between the

fractures and solution openings, porosity and permeability are

essentially nonexistent.



UNIT EQUIVALENT GEOLOGIC

FORMATION(S)

BEDROCK UNITS

Limestone

Dolomite

Alternating
Beds

Shale

Sand&

Conglomerate

Hard

Sandstone

SURFACE UNITS

Coarse

Alluvium

Fine

Alluvium

Colluvium

Ellenburger, Marble

Falls, Cow Creek,
Edwards

Glen Rose #1, #3

Glen Rose #2,
Walnut

Barnett, Smithwick
Hammett

Sycamore, Hensel # 1

Smithwick Sand,
Hensel #2

Alluvium & terrace

Alluvium & terrace

Colluvium

Caliche Residuum & calichified

& Veneer veneer

TABLE 5. Description of Physical Properties Units

DESCRIPTION TOPOGRAPHIC EXPRESSION SOIL

Hard, dense, with fractures
and solution features

Porous, surficially friable

dolomite, also siltstone,
limestone, and marl

Interbeds of hard to soft

limestone, marl, and dolomite

Claystone; minor hard limestone
sandstone or conglomerate

Usually poorly indurated silty
clay, and sand and gravel

Hard, dense sandstone, minor claystone,
also sandy limestone

Broad areas of low to moderate

relief. Forms escarpments at

contacts with less resistant

rocks

Stair-step topography

Stair-step topography

Low recessive slopes, often

covered; also steep-cut stream
banks

Gently rolling lowlands

Local steep slopes, amidst

low-rolling terrain

Loam;<2'
clay

Loam < 2'

Loam < 2'

Clay < 2'

Fine sandy
loam;

sandy clay
>2'<67

Sandy loam

<2'

Silty clay-sand & gravel

Silty clay with admixed
"float"

Clay matrix with blocky
limestone or gravel-
cobble debris

Caliche without admixed detritus

and caliche-welded residuum

Low relief; localized along
stream courses & high terrace
levels

At bottoms of steep-walled
valleys in limestone terrane

Slump blocks or debris

veneers on steep slopes

Very low slopes, commonly
near Hensel-Cow Creek

contact

Silty loam

>2'<6'

locally > 6'

Silty clay
>2'<6'

Stony clay
<2'

'Calcisol'

<2'



TABLE 6. Qualitative Engineering Characteristics of Physical Properties Units

SLOPE STABILITY PERMEABILITY EXCAVATION

POTENTIAL

FOUNDATION

STRENGTH

SHRINK-SWELL CORROSION

POTENTIAL

BEDROCK UNITS

Limestone High Low-high Low High Low Low

Dolomite High Moderate-

high

Low-

moderate
High Low Low

Alternating Beds Moderate-

high

Low-

moderate

Moderate-

low
High-
moderate

Low Moderate-low

Shale Low Low High Moderate-

low

Moderate-

high
High

Sand & Conglomerate Moderate Moderate-

high
High Moderate Low Moderate

Hard Sandstone High Moderate-

low

Low High Low Low

SURFACE UNITS

Coarse Alluvium Moderate Moderate-

high
High Moderate Moderate-

low

Moderate

Fine Alluvium Low-

moderate

Low High Low-

moderate

Moderate-

low

Moderate

Colluvium Low Low Low Low High High

Caliche & Veneer High Low-

moderate

Moderate-

low
High Low Low

CO
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The geologic rock units included within this grouping

are Ellenburger and Marble Falls Groups, Cow Creek Limestone,

and Edwards Limestone.

Dolomite. The physical properties unit, dolomite, does

not connote a monolithic assemblage of one rock type. Instead,

it contains the diversity of rocks contained within the rest of

the Glen Rose Formation with a relative abundance of dolomite.

Therefore, many of the physical properties are identical to the

physical properties in the alternating beds unit.

Dolomite is usually a porous, surficially friable,

thick-bedded rock with properties more akin to hard limestone

than to marl. It possesses high-slope stability as attested

to by prominent dolomite benches throughout the "Hill Country."

It also has a very low shrink-swell capacity as well as low

corrosion potential and high foundation strength.

The major aspects that set this material apart from

the limestone beds are its weathering characteristics and in-

tergranular porosity. Dolomite weathers to soft shallow resid

uum that is rippable with power equipment although blasting is

required at depth. The lack of cohesiveness and stained weath

ered appearance in outcrop is a diagnostic feature of the Glen

Rose dolomite beds. This is in contrast to dolomite beds in

the Ellenburger Group. The intergranular porosity may be a re

lict feature from the process of dolomitization, or it may be

related to surficial weathering.
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The small interconnected pores of up to 1 mm size allow

fluid to flow in paths other than along bedding planes, frac

tures, and fossil casts. The extensive intergranular porosity

is evidenced by the sudden appearance of seeps from dolomite

beds after rains. Seeps may continue for days (or weeks) after

the rain stops. The duration of the ephemeral discharge indi

cates that the dolomite beds hold water within intergranular

pores that otherwise flow rapidly through fractures in the

limestones. The stored water is slowly discharged by a sus

tained flow.

The dolomite beds are a major component of Glen Rose

Members 1 and 3 of the geologic map. No producing wells are

known in the upper Glen Rose dolomite (Member 3), but some wa

ter is produced from the lower dolomite (Member l)

Alternating beds. The alternating beds unit is com

posed of interbedded limestone, dolomite, and marl. To appre

ciate the overall physical properties of this unit one must

consider the limitations of each rock type.

The properties of the individual limestone and dolomite

strata in the alternating beds unit are the same as those dis

cussed regarding the separate limestone and dolomite map units.

However, there is a change in properties when hard rocks are

intercalated with marly recessive beds.

Marl is rippable by hand or with light-duty power equip

ment, although it might be adjacent to very hard limestone or
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dolomite ledges up to 10 feet thick. Compared to limestone

and dolomite, the slope stability of marl is moderate to low.

Because of lower slope stability, colluvial material from the

resistant beds veneers marl subslopes. The foundation strength

is moderate to high, and the shrink-swell is low. Corrosion

potential is higher within the marl than in adjacent beds but

is still moderate to low. The alternating bed unit is corol

lary to Glen Rose Member 2 of the geologic map.

Shale.--Clays tone and shale are soft materials that

generally can be excavated without heavy power equipment.

Workability of this material, however, is dependent upon the

weather. When wet, areas underlain by clay can become a sticky

morass preventing construction. The dominant clay mineral con

stituent within this unit is largely illite instead of mont

morillonit e. Nonetheless, slope stability and foundation prop

erties are poor relative to other units in the Lake Travis

vicinity. Shrink-swell and corrosion potentials are high.

Foundation strength and permeability are low.

The clay unit is composed of the Smithwick, Barnett,

and Hammett Shales.

Sand and conglomerate. The sand and conglomerate unit

consists mostly of poorly indurated rock that is rippable, al

though it contains cemented beds that may require blasting.

The slope stability and foundation strength are moderate (no

test data are available, but qualitatively it should possess
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values intermediate between hard limestone and soft shale).

Shrink-swell is low to moderate. Permeability is moderate to

high.

Soils formed on this unit contain abundant clay which

is derived mostly from weathering of feldspars. At depth

within the rock material proper, the clay content decreases.

Eluviated clay might result in a near-surface decrease in per

meability, but this does not extend to a depth of more than a

few feet. The clay within the upper few feet, however, may

cause difficulties in construction during wet weather.

Hensel Member 1 and Sycamore Sand are the geologic

formation equivalents of the sand and conglomerate unit.

Hard sandstone. The hard sandstone unit consists of

very well-cemented rock. Blasting is required for most con

struction purposes. Construction is further hampered by the

lack of continuity of these hard beds, as the sandstone beds

are lenticular and may not form a continuous solid rock founda

tion. Nevertheless, slope stability is high as is foundation

strength jLf a continuous horizon and thickness of rock is pres

ent. Shrink-swell and permeability are low. The permeability

is not augmented by solution activity or fossils, such as in

the hard limestone, but it may be slightly enhanced by frac

tures. Soil cover is discontinuous and contains a blocky re

siduum and a high clay content.

The hard sandstone unit consists of Smithwick Sand and



63

Hensel Member 2 from the geologic map.

Surface Units

Coarse-grained alluvium. The coarse-grained, uncon

solidated materials are composed of parts of two geologic map

entities, the alluvial terrace deposits and the calichified

residuum. The fractions of the geologic units lumped together

include all those materials with a predominance of sand- to

cobble-sized particles. These coarse fragments contain a vari

able amount of admixed clay and are commonly cemented with ca

liche.

Despite possible caliche content the rock within this

unit may be excavated using equipment such as a backhoe. Wet

weather conditions hinder construction. Slope stability is

moderate. The foundation strength and shrink-swell are moder

ate to low, both of which are predicated upon local variations

and amount of clay in relation to pebbles and cobbles (skeletal

fragments). Also permeability is dependent upon clay content,

especially eluviated clay in soil horizons. The permeability

of the coarse, unconsolidated deposits ranges from moderate to

low. Corrosion potential is classified as moderateintermedi

ate between claystone and limestone.

Fine-grained alluvium. The fine-grained, unconsoli

dated alluvium is mostly finely divided calcareous debris de

rived by slope wash from the high-relief areas within the Glen
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Rose Limestone. This unit generally can be excavated with

ease although blocks of limestone "float" and wet weather con

ditions may present hindrances. Permeability is very low, and

thus, there is little caliche development. Slope stability is

low as indicated by bankcaving along streams and the failure

of a small stock tank dam constructed of this material. Foun

dation strength is low to moderate and the shrink-swell is

probably only moderate (not low) by virtue of the clay-sized,

calcareous fraction rather than predominance of actual clay

minerals. Corrosion potential is moderate to high, especially

at the boundary between the fine-grained material and the adja

cent bedrock.

Colluvium. Most of the physical properties criteria

do not apply to colluvium because it is material in the process

of down-slope movement. For example, this unit can be exca

vated, but such activity upsets the equilibrium profile of the

slope and triggers new movements. Construction is hampered by

the presence of large limestone blocks that have slumped across

the colluvial surface. Clay is a common constituent of this

unit, and therefore, permeability is low. The resulting poor

drainage of through-flowing water further aids and abets the

down-slope movement process.

Caliche and veneer. The material included within

the caliche unit may be rippable using heavy equipment. How

ever, blasting may be required if cementation is thorough.
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Calichification is a process involving the movement of soil

water through pores; upon evaporation of the water, the pore

space is filled with calcite. Thus, when the process goes to

near completion the resultant permeability is essentially nil.

Caliche caps that exist above slopes in softer material attest

to a high slope stability and essentially no shrink-swell.

The foundation strength is also high, and corrosion potential

is low.

Like the colluvial unit, the physical properties fac

tors do not generally apply to the calichified material, espe

cially the nearly pure calcium carbonate deposits. The local

occurrences of caliche without admixed granular material is of

greater importance as a limited resource for road metal rather

than as a site for future construction.

Slope

The slope map (pi. 5) depicts the steepness of the

ground surface in percentage increments. The slope percent

increments are: 0 to 2 percent, 2 to 8 percent, 8 to 15 per

cent, and greater than 15 percent. Percentage slope can best

be envisioned as a number of feet change in elevation for every

100 feet changed laterally. Thus, a 2 percent slope is a 2-

foot change in elevation in a 100-foot lateral traverse. A 15

percent slope is a 15-foot change vertically in 100 feet hori

zontally. A 100 percent slope is equal to a slope of 45
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(table 7). Percentage slope designations are more widely used

in the engineering profession and thus are used in determining

criteria for grading, drainage, and slope stability of construc

tion sites. Because the usage is entrenched in the work of en

gineers, planners, and soil scientists, percentage increments

of slope rather than degrees of slope are presented herein.

Increments of slope are derived from the topographic

map. By visual inspection one can note changes in slope by

changes in the spacing of contour lines. The greater the den

sity of contour lines, the higher is the percentage of slope.

The more widely spaced the contour lines are, the lower the

percentage of slope. The cursory inspection of a topographic

map will not, however, give the user precise breaks in slope

that are defined as critical to land use.

Soil Thickness

The thickness of soil in the Lake Travis vicinity is

shown on Plate 6. This is a direct derivative from the basic

soil map (pi. 3). There are three general categories of soil

thickness units: less than 2, greater than 2 but less than 6,

and greater than 6 ft . Most of the land in the Lake Travis

vicinity has only a very thin soil cover of less than 2 ft.

In most instances thin soil cover overlies unequivocal

bedrock. There are, however, two exceptions. A thin soil

cover exists on the Smithwick Shale, a soft claystone considered
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TABLE 7. Percentage Slope Increments Compared To Other Measures of Inclination

PERCENT

SLOPE

(FT/100 FT)

2.0

8.0

15.0

100.0

FT/STATUTE

MILE

105.6

422.4

792.0

5280.0

METERS/KILOMETERS

20.0

80.0

150.0

1000.0

ANGLE

(DEGREES-

MINUTES)

19'

4 34'

8 32'

45 0'
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as "soil" by engineers. The same is true with marly interbeds

of the Glen Rose Formation. Thicker soils (greater than 2 ft)

generally have soil profiles gradational with poorly indurated

parent material rather than hard bedrock. Volente soils, how

ever, form on the Glen Rose terrane, but actually, the parent

material is slope-wash and valley- fill detritus, and not solid

rock.

Environmental Geology

The environmental geologic map (pi. 7) is derived only

in part from the basic geologic map. It also contains elements

obtained from the topographic map and more directly from the

two derivative presentations on physical properties and slope.

In addition, the environmental geologic map entities contain

original input from inspection of aerial photographs.

There are two general categories of units presented on

the environmental geologic map: process units and material-

landform units. The process units warrant special attention

of the user of the land because they delimit areas subject to

geologic hazards. Material-landform units may be no less sensi

tive to land abuse in local areas, but the effects of the abuse

will be felt more in time and will probably be magnified by in

creasing stresses associated with intensive misuse of the land.

Process Units

Processes mapped are flooding and mass wasting. In
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addition, ground-water recharge is included as a process, al

though it is not an immediate geologic hazard.

Within the overall subdivision of process units, there

is a ranking determined by immediacy or severity of impact of

the process. Within this scheme flood-prone areas take prece

dence over all other factors. Next are the areas of slope

stability hazard, and lowest in the hierarchy of immediate lim

itations are the aquifer recharge areas.

Flood- prone areas. Flood-prone areas include the land

below the spillway elevation of the lake and certain areally

restricted valleys of tributary streams that are above influ

ence of lake-level fluctuations. The shoreline below spillway

level was determined by inspection of topographic maps on which

the spillway datum is depicted. The flood-prone areas along

tributaries to the lake were determined mostly by inspection of

aerial photographs. Geomorphic erosional features such as in-

cisement into bedrock or terraces at a level above the channel

were criteria used in delimiting these floodplains. There are

no gaging stations and thus no discharge data for the streams

in question.

To give credence to the floodplain determinations of

tributary streams, attempts at comparisons were made between

selected streams in the Lake Travis vicinity and gaged streams

elsewhere. This modeling from one basin to another is often

used by geomorphologists in giving some degree of confidence
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to floodplain delineations.

The flood-prone areas delimited by features visible on

aerial photographs were cross-checked with peak discharge rec

ords of a basin of similar size, shape, and substrate geology

within the same climatic setting. Such an analysis was at

tempted for Hamilton Creek, Doublehorn Creek, and Cow Creek.

Cow Creek is the only one for which a gaged analogue was found.

Records of maximum stream discharge, basin size, and shape

parameters are presented in Figure 12. The maximum gage height

of the analogous stream corresponds to the line that had been

drawn based on aerial photographic interpretation.

Most tributaries to the lake are first- and second-

order streams with very small valleys. It is not practicable

to delineate flood-prone areas along such restricted valleys

because of map-scale limitations. Still it should be realized

that flood hazards exist along the bottoms of all these valleys.

The user of the land should be aware of the limitations

of projecting "recurrence intervals" into the future. Such pro

jections are tenuous enough within a gaged basin, but the cred

ibility of future estimates is even less reliable when the

basin-analogy method is used regardless of the amount of quan

tification involved.

Proctor (1969) discussed the 1954 flooding of the Pecos

River induced by rains associated with Hurricane Alice . In

this event, stream flow at the mouth of the Pecos River was



Figure 12 a Comparison of geometry of gaged and un-

gaged drainage basins (Source: U. S Geol. Survey,
1971, Po 364)
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almost 1 million cfs, or a volume eight times any previously

recorded flow. Proctor (1969, p. 10) stated the danger in

volved in making flood predictions based on past events even

within a gaged basin that has extensive records.

This is an extreme illustration of the fact that
storm experience over a single basin alone is not a

dependable indicator of what might occur over that

basin in the future. The Pecos River through 1953
gave no hint of what was to come in 1954.

Unstable-slope areas. Unstable-slope terrain includes

broadly the areas where mass wasting has occurred. The area

where colluvium is mapped on the geologic map is extended to

include all ground of similar rock type and slope. This envi

ronmental geologic unit, then, contains both terrain that has

slumped and potential areas for mass movements. The geologic

units, or fractions thereof, include the Hammett Shale under

lying the Cow Creek Limestone and the Smithwick Shale under

the Sycamore Sand (fig. 13). The terrain mapped as most likely

to experience mass movements is along steeply cut stream beds

and other over-steepened slopes. Steep slopes on stable ground

are not included, although construction still may be precluded

by the declivity of the ground surface.

Consideration should be given to what would cause fur

ther downslope movements of earth materials. The slope may be

delicately balanced so that failure may result from steepening

of the slope, removing support from the toe of the slope, in

creasing load at the top of the slope, increasing water content
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A. Cow Creek Limestone slumped onto Hammett Shale

B. Sycamore Sand slump blocks covering Smithwick Shale

Figure 13. Areas of unstable slope.
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within the slope materials, or any combination of these factors

(fig. 14).

Aquifer recharge areas. The aquifer recharge unit con

sists of a heterogeneous assemblage of rock types, soils, sur

face deposits, and landforms . It includes recharge areas for

two separate aquifers: the Ellenburger Limestone and the so-

called "Trinity Sands." Both aquifers are of only local impor

tance, but correlative rock units are important water-bearers

in other areas of Central Texas.

It must be understood that there are diverse permeabil

ity values within the various rock types of the aquifer recharge

unit. There are areas within this map entity where runoff pre

dominates and little ground-water infiltration occurs because

of steep slope or impervious rock. However, these impermeable

zones channel or spread the runoff onto adjacent rocks of higher

permeability. The recharge zone is considered broadly as a sen

sitive area that ultimately (if not immediately) affects quality

and quantity of water interchanged between surface and subsur

face. Thus, the area underlain by an entire suite of rock types

is a potential recharge zone.

There are also local but discontinuous zones of high

permeability elsewhere in the stratigraphic section. These lo

cal areas are not delimited on the map, but their presence is

noted in discussions of the respective land-use geologic unit.
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NATURAL SLOPE

\ A. OVERSTEEPEN SLOPE ANGLE

LAWN WATERING

C SATURATION

OF SLOPE

SEPTIC TANK

OUTFLOW

B. INCREASE SLOPE HEIGHT

0. OVERLOAD SLOPE TOP

Figure 14. Factors contributing to decrease in slope sta

bility (after Leighton, 1966).
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Material-landform Units

Most of the Lake Travis vicinity is not subject to

flooding or slope failure. There are active processes else

where, to be sure, but they are incidental to the ambient land-

forms and substrate materials. The processes active throughout

most of the lake are erosion and sedimentation effected mostly

by ephemeral streams of steep gradient. These processes ac

count for the inexorable wasting of the land, the results

of which are noticeable only over long periods of time.

Material-landform units depict the character of the

land in terms of interactions between substrate materials and

landforms. Bedrock and slope both affect and are affected by

the processes of erosion and sedimentation. Simplistically ,

more resistant rocks form promontories and escarpments, and

less resistant materials form recessive low slopes. There are,

however, the vagaries of structural relations, geometry of ma

terials, and intensity of processes that cloud the simplified

picture.

The definition of the various material-landform units

is a dividend of group input on another project at The Univer

sity of Texas at Austin, Bureau of Economic Geology. Although

the units used herein are not identical to the units defined

in the more expansive study by the Bureau research group, a

marked influence exists and credit is due (Wermund and others,

in progress).
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Karstic carbonate terrane. The areal extent of the

karstic carbonate terrane coincides with the Edwards Limestone

and the Marble Falls Group. These hard limestones form resis

tant ledges capping less resistant rocks and broad low flat-

lands where limestone occupies a lower (older) horizon (fig.

15).

The increases in relief and resultant increased stream

dissection within the karstic limestone unit occurs mainly

near the slope breaks at the edge of this map entity. Other

wise, the topographic surface is usually low and uniform (less

than 100 ft in relief, fig. 16) . Overall, the relief change

within the unit approaches a maximum of 200 ft.

Subsurface infiltration and channeling of water occur

along fractures, solution-enhancement of fractures, bedding

planes, fossil casts, and evaporite zones. Fractures and solu

tion features are conduits for polluted waters as well as nat

ural meteoric underflow. Karst features (sinkholes and caves)

occur within the unit as mapped or in adjacent areas underlain

by the same geologic formations (fig. 17).

Nonkarstic carbonate terrane. The nonkarstic carbonate

terrane coincides with the Glen Rose (exclusive of the lower

most unit) and the Walnut Formations on the geologic map. The

"stairstep" appearance of the strata within this unit is a re

sult of interlayered rocks of varying erodibility. The softer

marl beds are eroded into a recessive slope between harder
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Figure 15. Typical low relief terrain of karstic

carbonate unit (Marble Falls Group on geologic map) .
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Figure 16. Drainage density and relief of square

mile area of typical karstic carbonate terrane

(drainage density = 2<>12 mi/sq mi).
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Figure I7e Block diagram showing relation between

substrate and landform in karstic carbonate terrane
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limestones or dolomites above and below (figs. 18, 19). Activ

ities that modify the natural profile of the hill slopes will

tend to upset whatever equilibrium of erosion has been estab

lished between the hard and soft beds.

The dominant erosive activity is associated with run

off. There is very little infiltration into the ground and

most underflow probably resurfaces where a less permeable zone

(marl bed) is encountered. The high amount of runoff is re

flected in the steep slopes and high stream density (stream

segments per square mile, fig. 20). The slope and runoff also

exacerbate the lack of accumulated soil on rocks of this unit.

The relief is generally greater than 200 ft.

Not all erosion is affected by running water, however.

On denuded and graded hill slopes within this unit, the erosive

effects of the wind have been witnessed as clouds of sediment

were swept up and obscured visibility on an otherwise clear

day.

Claystone. The claystone unit consists of the Smith

wick Formation from the geologic map and contains both the

claystone and hard sandstone members (fig. 21). Claystone is

usually less resistant than surrounding rocks and is thus

eroded into an area of subdued relief. Moderate relief terrain

occurs where the sandstone lenses predominate. Relief within

the unit is a maximum of 100 ft. Slopes are usually 8 percent

or less.
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A. Ground view.

B. Oblique aerial view.

Figure 18. "Stairstep topography" of nonkarstic carbonate unit

(Glen Rose Formation on geologic map).
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Figure 19
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Figure 20. Drainage density and relief of typical
square-mile area in nonkarstic carbonate unit

(drainage density = 3<>45 mi/sq mi).
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Figure 21. Claystone terrane with associated

blocky sandstone beds (Smithwick Formation on

geologic map)
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Soils, although thin, usually occur on low slopes and

possess high moisture retention properties.

Unconsolidated alluvium and veneer. The unconsolidated

alluvium and veneer unit is expressed physiographically in a

similar manner to the impermeable claystone unit, although the

relief on the alluvial unit is generally even more subdued than

the claystone terrane. The discrimination of two separate

units expressing similar landform is based on permeability dif

ferences. The alluvial and residual material is much more per

meable than the claystone except for local unmapped overbank

mud deposits. Alluvial and residual veneers also contain some

eluviated clay within the soil profile, which may retard rapid

percolation of soil water.



SUMMARY

The natural environment of the Lake Travis vicinity

is depicted on seven maps (pis. 1-7) that present discernible

areal variations in substrate material properties, soils,

landform, and processes, Substrate variations are shown on

the general geology, fracture analysis, and physical proper

ties maps. Soil variations are presented on the soil and soil

thickness maps. Landform changes are depicted on the slope

map. Processes, as well as a composite display of substrate

soils and landform, are presented on the environmental geo

logic map.

The general geologic map is the basic data source used

in constructing the other maps. The physical properties,

soils, and environmental geologic maps are based in part on

the geologic presentation. Also, the fracture analysis and

slope maps can be cogently interpreted in light of geologic

variations

All the maps, as well as generalized climatic, hydro-

logic, physiographic, and vegetative information, can be ap

plied to land-use problems and potentials.
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EVALUATION

Engineering Constraints

A qualitative expression of constraints to engineering

activities with regard to physical property map units is pre

sented as a matrix (table 8). The matrix depicts two general

interactions the interaction of the activity (i*e., grading

and excavation) with substrate, and the interaction of the fin

ished product with the substrate. The first category deals with

feasibility of activity and the second is an expression of sta

bility and durability (suitability) of the finished product.

The two are not necessarily synonymous. One other factor in the

matrix does not fit into this scheme. That is the presence of

possible mineral resources, which has bearing on engineering

practice because of the location of construction raw materials.

Potential locations for construction raw materials in

clude the limestone, alternating beds, and caliche physical

properties units. Where the limestone is chert-free, it may be

quarried for crushed aggregate. Quarries producing crushed

stone exist in nearby areas within the Ellenburger, Marble

Falls, and Edwards Formations. Dimension stone is quarried

from limestone at the Walnut-Edwards contact only a few miles

from Lake Travis. Road metal is extracted locally from marl

beds of the Glen Rose Formation (alternating beds) and from dis

continuous caliche deposits.
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TABLE 8. Qualitative relation between physical properties units and engineering activities
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Some generalizations from the matrix are worthy of

note. The well indurated rocks (limestone, hard sandstone,

and dolomite) are eminently suitable as foundation substrate.

However, the same materials present construction problems be

cause of difficulties in excavation.

Certain units display a wide range of physical prop

erties that make specific predictions of feasibility or suit

ability difficult. An example of this is the alternating beds

unit that contains hard limestone ledges adjacent to soft marl.

The limestone will require blasting, but the marl is rippable

with light-duty power equipment. The limestone is locally

very permeable, whereas the marl tends to restrict subsurface

drainage. Such areas that display variations in properties are

depicted on the matrix by a range of engineering constraints

for a given unit. Besides the alternating beds unit, other ma

terial with variable properties are sand and conglomerate, and

the alluvial units. Site investigation of geologic and engi

neering properties is especially important in these areas.

The colluvium unit exhibits severe limitations on al

most all engineering activities. This is further substantiated

in the relationship between general land-use potentials and the

unstable-slope areas (table 9).

General Enviromental Constraints

Another matrix (table 9). shows the relation between



Table 9. Qualitative relation between environmental geology, slope,
and soil thickness units and constraints to certain uses of the land
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derivative map entities (other than physical properties) and

an array of possible uses of the land. The derivative compo

nents from the natural-environment inventory include environ^

mental geologic units, slope units, and map divisions of soil

thickness

The qualitative interpretations in Table 9 go beyond

the feasibility of an endeavor or the structural stability of

an engineered product. In this evaluation consideration is

given to a broad spectrum of effects, the sum of which I call

general environmental quality. Thus, the interpretation at

tempts to encompass far-reaching cause and effect relation

ships health and safety of humans as related to geologic

hazards, husbandry of the environment (agricultural and wild

life management endeavors), water quality, and aesthetics, in

addition to the underlying engineering constraints that have

already been mentioned.

To illustrate the difference between the engineering

evaluations as opposed to the general environmental quality

approach, consider building a large shopping center on an aqui

fer recharge zone. In short, a shopping center can be built

in such a location, and it will probably be structurally sound.

However, such construction will most likely have adverse ef

fects on both quality and quantity of water recharged unless

special precautions are taken to protect water quality.

The consideration of total environmental quality opens
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the subject of resource capability and resource capability

units. A resource capability unit is defined by Brown and

others (1971) as Man environmental entity land, water, area

of active process, or biota defined in terms of the nature,

degree of activity, or use it can sustain without losing an

acceptable level of environmental quality."

Based on land-use constraints of specific map units

in Table 9 f a. number of special-use maps of land-use capabil

ity (a special case of resource capability) can be drawn.

One example of such a land-use capability map is presented for

septic-tank use.

Process Constraints

Process units will sustain the least use without a de

cline in environmental quality. These areas are most suited

for such low intensity uses as parklands, rangeland, or wild-

scenic country (i.e., left unused).

Flood-prone areas extend beyond the land delimited as

such on the land-use geologic map, because of the many small

first- and second-order drainage basins. The warning must be

a categorical one: avoid building in arroyos and restricted

lowland areas adjacent to stream courses. Astoundingly ,
there

are residential developments below spillway level on the lake.

Needless to say, this should not be.

Unstable slope areas should be left alone, although



95

engineering design can compensate for possible problems. Lim

ited grazing is a possible use, but the vegetation on the slope

should remain a natural assemblage. Substitution of vegetation

types alter the water retention capacity and erosional regime

of a slope which may, in turn, affect slope stability.

Aquifer recharge areas will sustain diverse uses. How

ever, the demand for retention of acceptable quality and quan

tity of recharge will impose restrictions. Normal agricultural

use is permissible, but feedlot and stockyard operations should

be excluded. The land is suitable for low- to moderate-density

residential development, provided that the method of waste dis

posal receives close scrutiny. Improperly placed septic tanks,

too many septic tanks, or leaky sewer lines may induce sewage

recharge. If septic tanks are used, then the residential den

sity should remain low (less than one house per acre, Freese

and others, 1970b, p. 207). If central sewage collection fa

cilities and treatment plants are installed, the common suburban

house density of three or four houses per acre may be sustained.

This is based on the assumption that the sewer lines are well

attended (they do not leak) and that realistic guidelines re

garding domestic fertilizer and pesticide use are stated and

enforced in zoning ordinances.

Construction processes in which large areas of ground

surface are laid bare reduce both quality and amount of water

available for recharge (Leopold, 1968). This is because of
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rapid runoff and high suspended sediment content of the water.

A large density of buildings and great expenses of

pavement have detrimental effects on water quality. The pave

ment and ground covered by buildings reduce the areal extent

in which recharge can occur and also serve as sluiceways along

which debris, chemicals, and biological pollutants are washed

from the streets, lawns, and parking lots, and dumped as a

slug of low-quality water into a natural basin. Urban-suburban

street wash following rainfall can adversely affect the quality

of both ground and surface water (Ruane and Fruh, 1969).

Material-landform Constraints

The presence of karst features serves as a warning to

users of the land that conduits exist for immediate underground

transfer of waterborne wastes. The wastes may be discharged

directly into surface water bodies (i.e., the lake) or may

travel undiluted and unneutralized into an aquifer. Under

other conditions of topography and geometry of outcrop, the

karstic carbonate unit might itself be a recharge area of an

aquifer, as is the outcrop area of the Ellenburger Group in the

Lake Travis vicinity.

Residential development should not occur on the karstic

carbonate terrane unless special precautions are taken regard

ing domestic waste disposal. Septic tanks should not be used,

and central sewage systems are permissible only if extra care
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is taken to prevent leakage from the sewer lines.

Light construction on the karstic unit is hindered by

the presence of resistant bedrock at the ground surface. How

ever, the hard limestone serves as a sturdy foundation, so

that such an area is stable for heavy and light construction.

The lack of soil and steep slopes severely restrict

agricultural use of the land within the nonkarstic carbonate

unit. Grazing is the only compatible agrarian use of the land.

However, rugged topography and dense vegetative cover give this

terrain high value as a scenic-wild area. Indeed, wildlife

abounds, including white-tailed deer and upland game birds.

Much of the income derived from this land comes from seasonal

hunting leases.

Residential development is a viable possibility on the

nonkarstic carbonate terrane as the material substrate will

structurally support most construction. However, septic tanks

are generally precluded because of steep slopes, thin soil, and

the presence of fracture zones. Residential development of the

nonkarstic carbonate terrane is compatible with retention of

environmental quality provided that the waste-disposal problems

are solved and a modicum of planning allows for erosion control

and wild-scenic access corridors to the lake.

Land-use limitations of the claystone unit are more de

pendent on its engineering properties as it is expressed physi-

ographically as terrain of low relief. Despite thin soil cover,
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land of this unit is suited for some agricultural uses, espe

cially pasturage, although local lenses of sandstone decrease

soil workability.

Low soil and substrate permeability hinder the proper

operation of septic tanks; however, low permeability allows

proper sanitary landfill operation at selected localities

within the claystone unit. Also, this is the only unit within

the Lake Travis vicinity amenable to the operation of feedlots

provided that the animal wastes are disposed of properly.

As with the claystone land-use limitations, the allu

vium and veneer unit are more dependent on engineering proper

ties than topographic expression. Moderately high water re

tention, coupled with low relief and slope, make this unit

eminently suited for agricultural use. Locally soil permea

bility may be low resulting in ponding of standing water.

These factors limit septic-tank use and construction of home-

sites. Depending upon on-site investigations, however, this

unit may sustain intensive septic-tank use. It is unsuitable

for solid-waste disposal and feedlot operations.

Slope Constraints

The slope increments shown on Plate 5 were defined

based on ease of construction, vehicular access, runoff and

erodibility, and septic-tank efficiency. The major con

straints to land use on steep slopes result from greater
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costs for construction. The steeper the slope, the more earth

must be moved to level grades and foundations. The expenses

are indeed high when solid rock is to be excavated. The 8 to

15 percent slope increment is marginal or unsuitable for most

construction uses without engineering modification. Slopes

greater than 15 percent present severe limitations.

Slopes greater than about 6 percent impose constraints

on heavy vehicular traffic, because sustained climb in high

gear cannot be maintained above this threshold slope value.

There is also a rapid erosion on slopes greater than about 5

percent. This has obvious ramifications on agricultural use

of the land.

Soil-thickness Constraints

Specific limitations due to thin soil cover are related

to agricultural endeavors. Most engineering activities pene

trate the soil by design to anchor foundations in "solid rock"

below. However, engineers should be concerned with the bio

genic soil cover when the soil is used as a waste-disposal me

dium.

If any activity involves containment of waste, the

thickness of soil cover may be an important factor. However,

if the bedrock is a suitable material (i.e., a soft claystone),

the amount of soil cover may be irrelevant. Thus there are

the entries "N" (not applicable^ accompanying soil thickness



100

restraints under the land-use categories "solid waste disposal"

and "feedlot."



SUMMARY

Two matrices (tables 8 and 9) summarize the evaluation

of the Lake Travis physical environment. Table 8 presents a

qualitative evaluation of engineering activities with regard

to each of the physical properties map units. The units are

considered in terms of feasibility of construction activity,

suitability of the substrate for sustaining various activities

or structures, and availability of mineral resources (for con

struction).

Table 9 summarizes the total effects of selected uses

of the land with regard to each of the environmental geologic,

slope, and soil thickness map units. These land-use con

straints encompass not only suitability or feasibility of en

gineering activities, but an attempt is made to predict which

uses of the land will result in deleterious environmental ef

fects at specific locations. This information is basic to de

termination of land-use capability.
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CURRENT LAND USE

The current land use of the Lake Travis vicinity is

depicted on Plate 8. Much of the data was obtained from aerial

photographs flown in November 1970. The map was updated by

field checks terminated in late 1972, at which time, the pre

liminary draft of Plate 8 was constructed. By early spring

1973, the current land-use picture had changed markedly. Sub

divisions expanded rapidly beyond their limits of the previous

winter. New roads and utilities were built where none had been

before. New services came into being. Old landmarks were re

moved. The current land-use map, then, is a social-historical

document. It presents the state of development as "a point in

time" (when the aerial photographs were flown).

The categories discriminated on the current land-use

map include: (l) parks, (2) range and woodland, (3) cultivated

or pasture land, (4) intensive developments (planned), (5) un

planned developments, and (6) protodevelopments . Also noted

as significant points of use are: marinas, aircraft landing

fields, refuse dumps, and feed lots.

Parks

Parks include any public recreational facility in the

vicinity, the location of which was obtained from LCRA. The

environmental significance of this unit is a seasonal one

associated with influx of humans on weekends and holidays,
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especially during the warmer months. Adverse effects of this

influx might include crowding, noise, traffic, and litter.

The most significant impact might be the inability of existing

waste disposal facilities to accommodate the seasonal human

migrations

Range and Woodland

Range and woodland includes those areas not yet sub

jected to human occupation and apparently not suited for cul

tivation. This land includes mostly the juniper-live oak

covered limestone terrane. The native flora may be locally

stripped by burning, cutting, or "chaining," but the clearing

does not seem to enhance the value of the land as pasturage.

Indiscriminate clearing is certainly an aesthetic disaster.

Browsing animals, such as goats, thrive best on this land.

The land included in this unit possesses a high scenic value.

Much of the land in this category will sooner or later

be developed for residences. The economic value of the land

for use in one-half acre lots is too great for large blocks

of acreage to remain "unused." There are isolated dwellings

within this unit.

Cultivated or Pasture Land

Cultivated or pasture land includes mainly those

cleared areas on the lowermost (pre-Glen Rose) Cretaceous

rocks, the Smithwick Shale, or the alluvium. Even though



this unit includes land more amenable to agricultural uses,

little of the land is cultivated. Some forage and fodder

crops are planted, but most of the land in this unit is used

as pasturage.

The environmental pressures of pasturage are few.

During drought periods, overgrazing may occur. Otherwise,

only if the population of livestock increases markedly (as

in a feedlot) should detrimental effect occur. At least one

pig feedlot occurs within this unit. Adverse environmental

effects are not documented, however. Additionally, just as

in the wild-scenic areas, isolated rural dwellings exist

within this unit.

Intensive Developments (Planned)

According to Clark, C. T., and others (1967), there

were (at that time) 91 registered and platted subdivisions

along the shores of Lake Travis. No current figure was ob

tained to compare growth, but more developments do exist now.

However, only a few of the subdivisions are corporate-style

planned entities with certain utilities predating the con

struction of the first house. These "managed" housing de

velopments include certain amenities and luxuries, which are

touted in advertising and are themselves criteria for inclu

sion of a given area within this intensively developed unit.

The land within this category is already developed or
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will be developed soon. The financial investments behind such

developments are substantial and advertising campaigns are far-

reaching. Such sites are especially attractive as retirement

homes with aforementioned amenities including golf courses,

tennis courts, club houses, swimming pools, marinas, and mo

tels

The environmental impact of these developments depend

upon how completely the land is ultimately used and whether a

suitable means of domestic waste disposal is included in the

"plan." Such grandiose developments have the logistical struc

ture and perhaps the financial means to carry planned develop

ments beyond the stage of random clusters of housing units to

the ecologically planned new-town concept. If the new-town

concept came to pass, the impact would be lessened as central

sewage systems would be a necessity.

"Unplanned" Developments

The difference between "unplanned" and "planned" de

velopment is one of degree. Unplanned areas may consist of

clusters of houses that exist by the vagaries of the sale of

individual lots of varying size, perhaps over a long period of

time. Such clusters are not planned in any fashion and have

as options only the utilities that are available to most rural

homeowners mainly electricity, telephone, and septic tank or

cesspool.
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Also included within the broad "unplanned" category

are the developments wherein the land is platted and roads are

constructed. The lots sold are usually smaller and less ex

pensive than those in the "planned" areas. In places the lots

are subdivided for mobile homes. Ironically, these areas may

be more intensively developed (in terms of housing density)

than the "intensive planned" developments. Worse yet, there

is seldom the benefit of a unified development goal. Also,

there is no corporate structure with the financial bearing to

offer alternatives to the septic tank as a means of waste dis

posal.

Some of the intensive "unplanned" areas present the

greatest potential for pollution of the lake or the ground

water. The greatest danger might result from the houses or

mobile homes side by side on quarter-acre lots, each of which

has its own septic tank.

Protodevelopments

It can be said that nearly the entire lakeshore area

is susceptible to residential development because of the price

per acre differential between rangeland and subdivision lots.

There are, however, certain areas in which some commitment has

been made toward residential construction. This intent to de

velop might include clearing of land, building of roads, in

stallation of utilities, construction of land sales offices,
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or the placement of "For Sale" signs to entice real estate

developers or speculators.

The demarcation of these incipient developments is in

part arbitrary. Most of the land along thoroughfares is espe

cially susceptible to being parcelled out in residential lots.

Often picturesque street names are placed on sign posts where

to date not even a road exists. That is the lowest form of

investment indicating an intent to clear the land and build.

Certain of these roadways and tracts of land that will be "de

velopment corridors" are discriminated from the surrounding

rangeland on Plate 8. These areas are called protodevelop

ments

The implication of protodevelopments takes on great

meaning when prognostications of future growth along the lake

are viewed. The projected population along all of Lake Travis

by 1990 will be 20,252 (permanent and temporary inhabitants).

This figure compares to a 1970 population totaling 8,535

(Freese and others, p. 1970a, p. 79).



CURRENT ENVIRONMENTAL PROBLEMS

The major environmental problem along Lake Travis is

the threat of pollution from improperly placed septic tanks.

This pollution threat is growing because of residential expan

sion coupled with the fact that almost all homes use septic

tanks for waste water treatment. The aforementioned regula

tions aimed at limiting septic tanks (or at least those oper

ating improperly) have not been a deterrent to the expansion

of this waste disposal method. General remarks regarding

septic-tank operation and limitations imposed by ambient con

ditions are presented in Appendix II. Percolation test re~

suits are presented in Appendix III.

Land-use Capability (Septic Tanks)

The capability of the land around Lake Travis to as

similate septic-tank effluent with minimal adverse environ

mental effect is shown on Plate 9 Plate 9 is a land-use

capability map a map that depicts the ability of the land to

sustain certain uses (in this instance, intensive residential

development with septic tanks).

The criteria used to establish the land-use capability

units around Lake Travis are based on soil factors (both depth

and infiltration capacity), slope, and geologic factors such

as fracture intensity, flood hazard areas, and loci of aquifer

recharge. Sources for this information are Plates 2, 3, 5,
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and 7.

It is seen from Plate 9 that there are very few areas

within the Lake Travis vicinity that are well suited for sep

tic tanks. This observation agrees with the conclusions of

Freese and others (1970b, p. 200). However, houses with sep

tic tanks abound. The fact that the systems do exist does not

invalidate the land-use capability interpretations. Instead,

Plate 9 implies very strongly that the intensive residential

developments using septic tanks are on tenuous footing with

regard to "acceptable environmental quality." Septic tanks

contributing to water quality declines have been documented

in diverse geologic settings (Waltz, 1972; Perlmutter and Koch,

1972).

The documentation of the decline in environmental qual

ity (i.e., water pollution) is beyond the scope of this re

search. Freese and others (1970b, p. 195) discussed incipient

water quality declines in Lake Travis, stating that there are

indications of the "possibility of pollution from septic tank

effluent." Their discussion (p. 192-193) of selected surface

water analyses in Lake Austin presents a possible future water

quality trend for Lake Travis. The future scenario is based

upon the similarity in geologic setting and physiography. Of

course, Lake Travis is a larger body of water so that dilution

will be important. Still the threat of pollution exists as a

result of residential development with septic tanks and runoff
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from suburban lawns and streets.

The problem of controlling septic tanks in unsuitable

areas harks back to the institutional problem of evaluating

and licensing these facilities. The "suitability" (as defined

by ordinance) is based on two factors: septic tank location

relative to an arbitrary datum, and the obtaining of accept

able results from on-site precolation tests. The limitations

of both criteria are discussed herein. It can be surely

stated that sites within the "restricted" or "water quality"

zones might be eminently suitable for septic tank operation,

whereas other locales far outside the controlled areas may be

patently unsuited. This fact is documented by a synthesis (pi.

9) of the diverse assemblage of physical data. These data and

conclusions drawn from them point out the unrealistic criteria

of the septic tank regulations.

The expenditure of funds for conducting percolation

tests for every residence within the control zone is super

fluous in light of the land-use capability display. The per

colation test is designed for an entirely different geologic

terrane

In the face of overwhelming adverse factors, as pointed

out in any engineering guide, how is it that septic tanks are

passed as "suitable" by professional engineers? The answer is

two-fold. One is due to the aforementioned failure of the

Manuel of Septic Tank Practice to present warnings regarding a
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too-rapid infiltration rate during a standard percolation test.

The second problem is even more fundamental. It lies with the

failure of the engineers performing the test to distinguish be

tween bedrock (marl) and soil. This relates back to the inter

disciplinary communications-semantics problems previously men

tioned. Thus, to the engineer on the site, there is often an

adequate thickness of soil (marl). This is especially true if

a power auger is used to drill through the annoying intercalated

limestone layers to reach more "soil" below.

No doubt some improvement in quality of waste water oc

curs by infiltration through the marl beds. If not, more symp

toms of pollution would probably have been noted around densely

developed lakeshore areas.

Another problem with regard to the licensing of facil

ities is an overlap of authority (i.e., the competition as to

whether, say, the LCRA or the Travis County Health Department

should run the percolation test on a given lot).

A worker with the Travis County Health Department (Bob

Kent, personal communication, 1972) has cited instances where

septic tank fields were blasted with explosives to fracture the

hard substrate. This would ensure an adequate "percolation"

rate. Such an adequate rate is seemingly the crucial end for

the testing organization, regardless of the means.
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Alternatives

Within the current "state of technology," there are

two possible activities that will allow residential develop

ment and will prevent water quality declines resulting from

malfunctioning septic-tank systems. These alternatives are:

installation of centralized sewage collection and disposal

systems, and modification of the land so that the aerobic

phase of septic-tank systems function properly. In both in

stances engineering and economic factors impose limitations.

Also, both alternatives must be considered in terms of envi

ronmental impact at any specific site. Ultimately, the in

stallation of alternative waste disposal methods is con

trolled by dollar cost which is borne by the homeowner.

Sewage collection systems should serve a maximum

number of houses per mile of pipeline. Thus the central-

collection-disposal option is feasible only where housing

density is at least one house per acre. This method is

suited to areas on the current land use display mapped as

intensive (planned) developments, and unplanned developments.

Also, it should be incorporated into the plan of the proto

developments

The major initial environmental impact of central

sewage systems is associated with excavation for the collec

tion lines. Excavation problems vary with physical proper

ties of substrate.
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Long-term impact is associated with sludge disposal,

and high nutrient content of treated effluent unless further

(tertiary) treatment removes some of these ions. Seasonal

removal of nutrient ions can be done by using the effluent as

irrigation-fertilizer spray for golf courses and any other

areas where the "biological pump" may be employed.

The initial financial investment for centralized dis

posal systems are great. Also, continuing control of opera

tion and maintenance is important. This demands a long-term

financial input.

For residences scattered throughout the Lake Travis

vicinity, a single-home treatment system is the only

economically viable alternative. Modification of the land

is necessary so that the septic-tank system will function

properly.

The primary limitations hindering proper septic-tank

operation involve inadequate soil texture or thickness and

steep slopes, or a combination of these factors. These limi

tations can be overcome by the emplacement of a soil absorp

tion field of proper texture and depth, and, if necessary, the

terracing of the field for reduction of slope. A properly con

structed soil field will alleviate problems associated with

conduit under-flow through cavernous and fractured zones in

bedrock and possible water pollution. Regardless of land modi

fication, however, residences in recharge zones should remain
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low.

The major immediate environmental and financial impact

of modification of the land for septic tanks is the construc

tion of the soil field. Long-term environmental impact is

related to the assimilation (dilution and dispersion) of

nutrient-rich effluent in natural water bodies. Proper opera

tion of this system over a long term depends on proper mainte

nance



SUMMARY

Human use of the land along Lake Travis is shown on

the current land use map (pi. 8). Demographic projections

indicate that a rapid population growth will continue.

The most detrimental effect of human influx is a

threat to water quality from improperly functioning septic

tanks. Plate 9 is a land-use capability map for septic tanks

derived from basic data and their interpretations in Parts I

and II. Most of the land in the Lake Travis vicinity is un

suited for septic tank use, without modification of the land

or of septic-tank design. An acceptable alternative to a

modified septic-tank system would be central sewage collection

and disposal systems. However, this is feasible only in areas

of intense residential developments.
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CONCLUSIONS

A synthesis of geology-related land-use limitations in

the Lake Travis vicinity can be obtained from the environmental

geologic map. This map, descriptive text, and tables present

composite information from the general geologic, physical prop

erties, fracture analysis, slope, soil, and soil thickness

maps

Areas mapped as being subject to active processes will

sustain very few uses without detrimental effects. Flood-prone

and unstable-slope areas are hazardous zones and should be used

only as agricultural, recreational, or primitive land. Aquifer

recharge areas will sustain diverse agricultural activities

and residential development. However, misuse of the land may

threaten quality of water to be recharged. Septic tanks should

largely be avoided in the aquifer recharge area. Commercial

establishments that require expanses of pavement cover should

also be avoided. Guidelines should be established limiting

residential and agricultural uses of biocides and fertilizers.

Of the material-landform units on the environmental

geologic map, both karstic and nonkarstic carbonate terranes

are capable of structurally supporting most construction. How

ever, because of thin soils, steep slopes, and fractured or

cavernous rocks, these areas are unsuited for residential de

velopment if septic tanks are used. Likewise, agricultural
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uses other than grazing are precluded, because soils are thin

or absent.

Claystone terrane is suitable for light construction,

but septic tanks will not function properly because of low soil

permeability. Because of low permeability this land may sus

tain feedlot or sanitary landfill operations without environ

mental harm.

Alluvial veneer terrane is most suited for agricultural

uses (both for pasturage and cropland). This land will support

light construction and will allow proper treatment of septic-

tank effluent.

Comparison of the land-use capability map with the cur

rent land use map demonstrates that residential developments

have been built in areas unsuitable for septic tanks; however,

the septic tank is the waste-disposal system used in these

developments. Modification of the land to accommodate septic

tanks is possible. Also central sewage systems can be in

stalled, so that residential developments can be built in areas

unsuitable for septic tanks.

If the land is misused, water quality may undergo a

long-term decline. Worse yet, residents may be exposed unwit

tingly to geologic hazards. Future planning must take into ac

count land-use capability and should allow only those uses that

the land will sustain.
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APPENDIX I. STRATIGRAPHY

Paleozoic Erathem

Ordovician System

Ellenburger Group. For a history of nomenclature, pre

vious workers and detailed stratigraphy of the Ellenburger

Group, one should consult Cloud and Barnes (1948). It is the

definitive work to date on the Ellenburger, and this discussion

in large part is based on this work.

The Ellenburger Group consists largely of light-colored,

thick-bedded micrites, pelmicrites, pseudosparites , and inter-

bedded fine-grained dolomites. Terrigenous material is a very

minor constituent. Chert is abundant. The rocks are not fos-

siliferous, containing only a sparse molluscan fauna and occa

sional algal mounds.

The mode of origin seems to have been chiefly that of a

chemical precipitate. The depositional environment was prob

ably a shallow, restricted, tropical to subtropical carbonate

bank, analogous to the present Florida and Bahama banks. The

possible primary dolomites and shrinkage cracks indicate occa

sional supratidal exposure. The inferred depositional environ

ment is similar to other limestones in the Lake Travis vicinity,

specifically the Marble Falls Group and the Glen Rose Limestone.

The major differences in Ellenburger rocks are the extreme pau

city of terrigenous material and the absence of bioclastic
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limestones

The Ellenburger Group near Marble Falls is approxi

mately 400 ft thick although only about 200 ft are exposed in

the area mapped. It is fault bound on the west by Precambrian

granites of the Llano uplift and dips steeply toward the east

where it is thought to terminate beneath the Ouachita struc

tural belt.

Enhanced secondary porosity is evidenced by karst fea

tures. The Ellenburger Group serves as an aquifer for a lim

ited area around the Llano uplift. Farther down-dip and espe

cially on the western side of the Llano uplift, the Ellenburger

strata serves as reservoir rock for petroleum.

The Ellenburger Group in the Lake Travis vicinity is

unconformably overlain by Mississippian rocks. Cloud and

Barnes (1948) noted that some sinkholes within the Ellenburger

may be filled with rocks of Devonian age. No sinks of this

type were mapped. The extent of repeated karst development on

the pre-Devonian erosional surface presents problems. No doubt

some karstif ication occurred during the deposition of Missis

sippian and Pennsylvanian rocks as attested by stratigraphic

relationships between the local deposits filling sinkholes and

overlying continuous rock units.

Mississippian System

An overview of Mississippian and Pennsylvanian
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stratigraphy in the Llano region is given by Plummer (1950).

My remarks regarding these rocks are based mainly on work by

Namy (1969).

Barnett Formation. The Barnett Formation is a dark-

colored, petroliferous, illite shale containing large sphe

roidal limestone concretions. It is locally up to 21 ft thick.

The Barnett as mapped by Namy (1969) includes some discontinu

ous, lenticular, crinoidal biolithites of the Chappel Lime

stone. Scale does not permit the discrimination of these

local stratigraphic entities.

The Barnett Formation is easily recognized on aerial

photographs. It is expressed as a narrow, dark-colored, heav

ily vegetated area of low relief between the hard limestones

above and below. The contact with the overlying Marble Falls

Group is often obscured by slump debris.

During the 1930*s the W.P.A. ran pilot tests in San

Saba and McCulloch Counties to extract oil from the Barnett

shale. Results showed the oil content to range from 6 to 40

gallons per ton. The Barnett also contains detectable but non-

economic amounts of uranium.

Pennsylvanian System

Marble Falls Group. Extensive work was done on the

limestone facies of the Marble Falls Group in the Lake Travis

vicinity by Namy (1969). For detailed petrographic information
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and historical citations of nomenclature and previous workers

one should refer to his work.

The Marble Falls Group in its type locality is about

341 ft thick and dips northeast. It consists of cherty algal

biomicrites, biolithites, siliceous spiculitic biomicrites, and

calcareous shales. The environment of deposition, inferred by

Namy, ranged from a carbonate bank in the extreme western part

of the mapped area, grading eastward into a "deeper water" ba

sin. The shaly, spiculitic facies evidently grades laterally

into the shales of the Smithwick Formation.

In short, the Marble Falls Group contains a mosaic of

lithofacies that reflect subtle changes in carbonate deposition

associated with algal mounds, crinoidal bioherms, debris aprons,

lagoons, carbonate beaches and basin deposits.

Smithwick Formation. For detailed information regard

ing the sedimentology of the Smithwick Formation one should

refer to Kimberly (l96l) and McBride and Kimberly (1963). The

structural features of these Pennsylvanian rocks are treated by

Warner (l96l).

The Smithwick Formation conformably overlies the Marble

Falls Group. In most places the contact is gradational. The

lower part of the Smithwick consists of an illite claystone

with some lenticular sandstone beds. The sandstone lenses in

crease in number and extent higher in the section until sand

stone becomes the predominant constituent. Sandstones
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predominate only at scattered localities, mostly in the north

ern part of the Lake Travis vicinity.

The Smithwick Formation is at least 450 ft thick in its

type locality. Regional dip is to the northeast, where the

shale thickens in the Ouachita downwarp. A well in Williamson

County 35 miles east of the mapped area penetrated 5,000 ft of

dark Smithwick- like clay shale (McBride and Kimberly, 1963, p.

1842) .

McBride and Kimberly (1963) originally attributed the

environment of origin of the Smithwick to deep-water marine

deposits with the sand being associated turbidites. E. F.

McBride (personal communication, 1972) has re-evaluated the

probable depositional environment and concluded that it was a

prodelta mud of a westward prograding delta coursing off the

"Llanoria" continent from the north and northeast. The associ

ated sands are delta-front sands and possibly channel sands

with deformation structures associated with faulting or slump

ing at the time of deposition. The mineralogic constituents

of the sandstones and paleocurrent evidence indicate the source

of the elastics to have been from the east and not from the

Llano area.

Grayish-black to greenish-black nonfissile claystone

comprises 70 percent of the Smithwick in the type area. This

claystone contains 75 to 95 percent illite clay with the re

mainder being muscovite, quartz silt, and macerated plant
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remains. The nonporous sandstone is mainly sublitharenite

with minor subarkose (McBride and Kimberly, 1963), cemented by

silica. The sandstone terrane stands out areas of higher re

lief surrounded by the subdued claystone topography.

Mesozoic Erathem

Cretaceous System

Current stratigraphic nomenclature of the lower Creta

ceous rocks in Central Texas is based on the work of Lozo and

Stricklin (1956) and Stricklin and others (1971). These work

ers redefined Hill's Trinity Division of the Comanchean Series

in light of recent surface and subsurface studies. The compo

nent formations of the Trinity Division include from bottom to

top Sycamore Sand, Hammett Shale, Cow Creek Limestone, Hensel

Sand, and Glen Rose Formation. Lozo and Stricklin (1956)

viewed the Trinity Division as marine regressive-transgressive

events consisting of three nonmarine-marine depositional coup

lets, each bounded by disconformities . Young (1963), working

within this regional stratigraphic framework, viewed the Trin

ity Division as a long-term marine transgression. O'Sullivan

(1967) mapped the rocks of the Trinity Division in the Smith

wick vicinity, along the northern and western extremities of

Lake Travis. However, because the criteria for 0fSullivan's

mapping was petrologic rather than photogeologic , there are

discrepancies between us as to what constitutes formational
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boundaries. For that reason the results of his mapping have

been used only sparingly.

For a discussion of previous workers and a complete

history of nomenclature of rocks of the Trinity Division, one

should refer to Lozo and Stricklin (1956), Stricklin and others

(1971), or O'Sullivan (1967).

Sycamore Sand. The Sycamore Sand is a wedge-shaped

body of coarse-grained terrigenous material deposited by

streams that flowed from the Early Cretaceous Llano highland

area. This fluvial deposition occurred on the Wichita paleo-

plain, the name given by Hill (1901) to the pre-Cretaceous ero

sion surface. The relief of the paleoplain determined the de

tailed geometry of the ensuing Cretaceous deposits. This re

lief has been cited by O'Sullivan (1967, p. 22) as being about

160 ft in the Smithwick vicinity.

The component particles of the Sycamore range from clay

to cobble- and boulder-sized. The sand- and gravel-sized con

stituents are usually very well rounded and are composed of a

sampling of Paleozoic and Precambrian rocks exposed in the

Llano area. The boulder-sized fractions were transported the

shortest distance, and are of Paleozoic lithology local to the

Lake Travis vicinity. A bimodal grain size distribution exists

with the primary mode being cobbles and pebbles and the secon

dary mode being medium- to coarse-grained sand (Damon, 1940).

Planoconvex fluvial channels are locally observable,
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but usually bedding of any kind is indistinct. The coarse

debris fraction and poor sorting indicate that the deposits

were a result of coalescing streams of steep gradient. The

environment of deposition is believed to have been subareal

alluvial fans. Filling of low areas and thinning over sali

ents has resulted in significant variations in thickness of

the Sycamore Sand. It ranges from approximately 20 to 40 ft

thick in the mapped area. Elsewhere in Central Texas, the

Sycamore may have outcrop thickness of as much as 100 ft

(Stricklin and others, 1971, p. 13).

The landscape characteristics of the Sycamore consist

usually of broad, gently sloping benches capping slopes cut

into the Smithwick Shale below. These benches are further

accentuated by the abrupt steepening of topography where the

overlying recessive Hammett Shale abuts against the resistant,

blocky Cow Creek Limestone.

Hammett Shale. According to Stricklin and others

(1971) the Hammett Shale represents a marine transgression

onto a terrain of low relief. It unconformably overlies the

fluvial Sycamore sands and conglomerates and intertongues up

ward into the transitional marine-terrestrial strata of the

Cow Creek Limestone.

The Hammett Shale consists of dark-colored calcareous

claystone with light-colored sand, siltstone, minor conglomer

ate, and occasional red beds. It is possible that the coarser
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grained fraction may be more closely akin to the fluvial depos

its of the Sycamore, but more detailed studies are needed.

Amsbury (1962) noted that some Hammett in updip areas appears

to be fluvial rather than marine.

The Hammett Shale ranges in thickness from 0 to 33 ft.

Much of this thickness is obscured by slumping of overlying

Cow Creek Limestone blocks onto the recessive claystone and

siltstone slopes. 0f Sullivan (1967) stated that the Hammett

is predominantly siltstone, but this is partly due to the pau

city of exposures of the claystone because of slumping of over

lying rocks onto the claystone.

0*Sullivan (1967) has mapped an abnormal thickness of

Hammett at the main expense, I believe, of the Cow Creek. The

Hammett-Cow Creek contact is vague because of intertonguing of

lithotopes .

The Hammett landscape generally consists of a narrow

low relief area usually at or near a topographic break between

the Sycamore bench and the higher Cow Creek ledges. This zone

usually is expressed on air photos as a light-colored discon

tinuous band of sparse vegetative cover.

Cow Creek Limestone. The Cow Creek Limestone repre

sents an intermediary depositional environment between the ma

rine deposits of the Hammett Shale and the fluvial deposits of

the Hensel Sand. The regression of the marine environment is

attested to by interfingering marine muds with oyster reef bay
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material and upward coarsening of detritus heralding high-

energy beach conditions. Within the Cow Creek the limestones

proper range from undisturbed biomicrites in the lower part

of the formation, grading upward into oyster reefs and finally

into the uppermost high-energy calcareous beach deposits. The

lower 10 to 20 ft of the Cow Creek Limestone consists of bio

micrites, minor biosparites, and interbedded fine-grained

quartz sandstone and siltstone. The upper part consists of

cross-bedded biosparite, calcarenite, and calcirudite. The

total thickness of the Cow Creek ranges from 0 to 60 ft.

Because of the coarse-grained fraction of the calci

rudite and the oyster-shell coquina, the Cow Creek possesses

primary porosity. This is augmented by solution features

along bedding planes and fractures. A large capacity for in

filtration of ground water exists, reflected by the presence

of vegetation that flourishes only in very well drained set

tings .

The contact between the Cow Creek and the Hensel,

though disconformable, is often obscured by a veneer of Hensel

detritus and associated soil cover.

Hensel Sand. The Hensel Sand unconformably overlies

the Cow Creek Limestone. The change is abrupt from oyster-

shell coquina to pebble and cobble conglomerate, indicating an

abrupt change in depositional environment from a carbonate

beach to a coalesced network of aggrading streams.
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The fluvial deposits of the lower and landward (nearer

the Llano uplift) Hensel Sand are similar in geometry and tex

ture to the Sycamore conglomerates. However, the grain size

of the Hensel constituents is generally smaller, the sorting

is usually more thorough, and channels are more readily evi

dent. From this it is concluded that the gradients of streams

active in the deposition of the Hensel were not as steep as

those resulting in the Sycamore deposits. Still, there is a

scarcity of fine-grained overbank detritus in the Hensel.

Stricklin and others (1971, p. 22) concluded that the Hensel

resulted from coalescing alluvial fans coursing off the Llano

area.

The Hensel Sand consists of mature quartzarenite ,
imma

ture to submature subarkose, granule, pebble, and cobble con

glomerate, mature siltstone, and silty dolomite (O'Sullivan,

1967). The bedding is usually indistinct but planoconvex chan

nels with festoon cross-bedding are noted at several localities.

The silty and dolomitic beds in the upper Hensel have medium to

thick interbeds. The total thickness of the Hensel in the

mapped area ranges from 10 to 80 ft.

In the upper parts of the Hensel sections (or downdip

into a more basinward locale), the sands become finer grained

and more dolomitic. These changes represent transgressions of

the lower Cretaceous sea where the fluvial deposits grade into

lagoonal siltstones and dolomites. These lagoonal deposits
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grade into the shallow marine alternating beds of the Glen Rose

Formation.

The gradational change from fluvial sands to lagoonal

siltstones, and dolomites to limestones and marls, has pre

sented problems in determining the contact between the Hensel

and Glen Rose Formations. The modus operandi of O'Sullivan

(1967) and Stricklin and others (1971) was to include all silty

dolomites within the Hensel Formation, including beds of dis

tinctly marine origin. The lumping of such diverse rocks as

channel sands, lagoonal siltstones, oyster mounds, and rudist

patch reefs without discrimination of facies would seem to be

an assemblage of strange sedimento logic bedfellows. Such lump

ing is not compatible from the viewpoint of similar depositional

environments, nor is it compatible from the similarity of lith-

ologies

A distinct photogeologic boundary has been chosen for

the contact between the Hensel and Glen Rose Formations. On

air photos (and on the ground) a definite vegetative change can

be noted subjacent to a prominent thick-bedded dolomitic silt

stone. Below this bench grasses are more verdant in response

to the thicker soil cover of the Hensel Sand. Above this bench

alternating beds characteristic of the Glen Rose Formation are

apparent

Locally the beds mapped as Glen Rose might contain more

than 50 percent terrigenous material. This, however, does not



133

detract from a formational package based on overall lithologic

constituents. I think that this formational break is recog

nizable, is relevant to depositional environment, and is more

germane to land-use capability. This Hensel-Glen Rose contact

may be more than 50 ft below the same contact as determined by

O'Sullivan (1967) and Stricklin and others (1971).

The lagoonal facies of the Hensel was not discriminated

from the fluvial facies; most of the lagoonal transitional rock

types are included within the lower Glen Rose.

The terrain of the Hensel Sand is characteristically a

broad, gently undulating bench above the Cow Creek bluffs. At

some localities within the upper transitional part of the for

mation, dolomite and siltstone beds may be expressed similar in

physiography to the Glen Rose alternating beds.

An informal unit is discriminated from the rest of the

Hensel Sand. This discrimination is based entirely on rock

type and bears no connotations of depositional environment.

It is not a change in facies. This Hensel member is a well-

indurated, cross-bedded, calcareous sandstone. It occurs in

very restricted areas, but in outcrop and from aerial photos

it is expressed similarly to the Cow Creek Limestone. Although

well indurated beds may occur throughout the Hensel Formation,

the only localities where they are mappable are in the Pace

Bend and Turkey Bend areas.

Glen Rose Limestone. The Glen Rose Limestone
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constitutes the dominant stratigraphic unit within the Lake

Travis vicinity. It is over 500 ft thick and comprises approx

imately 50 percent of the area mapped.

The geologic history, paleontology, and sedimentary

petrology of the Glen Rose have been studied in detail by vari

ous workers in recent years. Recent theses and dissertations

at The University of Texas at Austin have dealt with various

aspects of Glen Rose stratigraphy. These include the works of

Abbott (1966), Cooper (1964), Cleaves (1971), and Grimshaw

(1970), to mention only a few. Additionally, graduate geology

classes under the supervision of Professor A. J. Scott have

used the Glen Rose as a field laboratory for studying a diver

sity of depositional regimes and resultant rock types. I have

drawn heavily from the contributions of these workers. In the

Lake Travis vicinity extensive detailed mapping and interpreta

tions of depositional environments have been undertaken by G.

Lyman Dawe (Ph.D. dissertation in progress, The University of

Texas at Austin) The part of my map covering the Mansfield

Dam and Bee Cave 7-1/2 minute quadrangles are modified from

Dawe's maps. For a complete history of nomenclature and previ

ous workers on the Glen Rose, one should refer to Cleaves

(1971).

In overview, the Glen Rose Formation consists of alter

nating beds of limestone, dolomite, and calcareous marl. This

repetition of lithologies has resulted in the stairstep
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topography or "Shingle Hills" characteristic of the Central

Texas Cretaceous "Hill Country." In detail, the Glen Rose

Limestone is a formation of great complexity. Its most con

stant property is a variable aspect of its rock types within a

given section. The protean nature of Glen Rose lithotopes has

been the bane of those who subdivide it into lithologically or

environmentally discrete packages over long distances. This

same changeable aspect makes the formation ideal for local

studies of complex depositional environments.

Certain stratigraphic intervals are extremely persist

ent laterally, some being traceable over several hundred square

miles. A datum has traditionally been used to subdivide the

Glen Rose into a lower and an upper member. This is the so-

called Corbula bed (or interval). This bed consists of a

flaggy biomicrite composed largely of steinkerns of the small

wheat-grain- like clam Corbula harveyi (Hill) and is mappable

over several hundred square miles.

Cleaves (1971) subdivided the Glen Rose according to

his models of shallow-water marine depositional environments

subtidal, intertidal, and supratidal. Cleaves, however, did

not break out mappable units, i.e., he did not discriminate

members that could be recognized over great distances. Abbott

(1966) subdivided the Glen Rose within an environmental frame

work but his only map break within the formation is at the

Corbula bed. Grimshaw (1970) was able to map informal units
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within the formation, but these units were based upon recog

nition of prominent beds on aerial photographs rather than in

trinsic far-reaching differences between these members. Rodda

and others (1970) subdivided the formation into five informal

units based on the relative number and extent of dolomite in-

terbeds. G. Lyman Dawe (personal communication, 1971) further

refined the informal units of Rodda and others (1970) into a

new scheme in which the Glen Rose would be elevated to Group

status, consisting of three formations. For this study, Glen

Rose was divided into three other informal members, all of

which were easily recognizable, and thus mappable within this

locality. In the end, the three informal units mapped were a

compromise between ease of recognition on aerial photographs,

visibility at my working scale, and relevant differences in

land use capacity. The units also may be considered as a

hybridization of entities mapped by previous workers. The

break between the lower and middle units is the Corbula inter

val; the upper unit is Dawe's upper dolomite or unit no. 5 of

Rodda and others (1970).

Glen^R^s^e Member_l. The lowermost Glen Rose unit is

gradational with the siltstone, dolomitic siltstone, and sand

stones of the subjacent Hensel. This unit consists of thin to

medium bedded interbeds of silty, vugular dolomite, dolomite,

micrite, nodular marly micrite, evaporites, and rudistid bio-

lithite
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Marl is not as extensive in this lower unit as it is

farther up in the section. The term marl, it should be noted,

refers to a rock that weathers into a friable, laminar to nod

ular carbonate material. This rock type lacks the durability

of the limestones or dolomites and thus is eroded into recess

sive slopes usually covered with debris from more competent

beds above. The reason for this weathering characteristic is

not because of total amount of clay, but because of clay dis

tribution (R. L. Folk, personal communication, 1972). The re

sistant limestones may contain the same amount of clay as the

marls, but it is evenly distributed, whereas in the marls the

clay is concentrated along microscopic laminae. Whenever the

term marl is used, it refers to this material, usually with an

average clay content of approximately 11 percent (Gurel, 1956).

Above the lowermost dolomites and siltstones, the rock

assumes the appearance of typical alternating bed terrain; how

ever, it contains discontinuous rudistid patch reefs and medium

to thick beds of burrowed biomicrites with an interconnected

honeycomb porosity system. The porous limestones, silty and

sandy vugular dolomites, and a relative paucity of marls make

this unit possibly amenable to recharge of ground water. It

was this possibility of ground water reception that resulted in

the designation of this stratigraphic interval as the lowermost

Glen Rose unit. The upper boundary of Member 1 is the Corbula

interval which is underlain by the Salenia texana zone, an
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equally widespread and recognizable steinkern marl bearing

characteristic fossils. The Corbula bed was chosen for the

dual pragmatic reasons that it nearly bounded the lowermost

"permeable package" and it is mappable over a wide area.

Farther downdip, and elsewhere along strike, the lower

Glen Rose does not contain a high number of dolomitic beds.

Instead, the lower member is described as being an extremely

hard caprinid reef limestone. Such are the descriptions by

Rodda and others (1970) in Travis County, by Abbott (1966) in

Comal County, and by Stricklin and others (1971) in Kendall,

Blanco, Hays, Medina, and Bandera Counties. Glen Rose Member

1 in the Lake Travis vicinity ranges from 60 to about 150 ft

thick.

_Glen_R<ose Member_2 . The Glen Rose Member 2 incorpo

rates the bulk of the formation. Its lower boundary is the

Corbula interval, and its upper boundary is the base of a

thinly bedded dolomite sequence near the top of the formation.

The thickness of this middle unit ranges from 150 to 250 ft.

The rocks consist of a variation of lithofacies representing

repetitious changes between subtidal, intertidal, and supra-

tidal conditions. Resultant rock types include subtidal marls

and micrites, intertidal patch reefs and biosparites, and

supratidal algal flats and evaporite pan accumulations (gypsum

and dolomite) .

The depositional environment of the Glen Rose Formation
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as a whole was a restricted bank or lagoon on the landward

side of the extensive Stuart City reef trend.

Glen^Roe^ Member_3. The Glen Rose Member 3 varies in

thickness from 60 to 120 ft, and is equivalent to Unit No. 5

of Rodda and others (1970). It consists predominantly of thin-

to medium-bedded dolomite and interbedded micritic limestone.

The dolomite is porous and pulverulent. In the upper part of

the member it is deeply weathered to a semi-indurated residuum.

This unit is discriminated because of the dolomite content and.

the high capacity to transmit water through intergranular pores

as compared to the subjacent nonporous limestones.

The dolomite is not a primary supratidal deposit. Such

deposits do exist within the Glen Rose Formation, but the form

and texture are strikingly different. Instead, these beds are

secondary replacement of limestones, although the exact mechan

ism for dolomitization is a much-debated topic.

Walnut Formation. The Walnut Formation unconformably

overlies the Glen Rose Limestone and marks the point of divi

sion between the Trinity and Fredericksburg Divisions. For

all the time-stratigraphic significance of this boundary, how

ever, the Walnut is very similar to the Glen Rose Formation.

The Walnut Formation consists of two members in the Lake Travis

vicinity. The lower part is the hard, thin bedded biomicrite

the Bull Creek Member. Above this is the recessive, nodular

fossiliferous marl of the Bee Cave Member. The total
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formational thickness ranges from 40 to 80 ft. There are other

members of the Walnut that have been discriminated by local

workers, but they are mostly similar to the resistant Edwards

Limestone. These members (e.g., Cedar Park and Whitestone)

have been lumped with the Edwards in the Lake Travis vicinity.

For a detailed discussion of Walnut stratigraphic relationships,

one should refer to Rogers (1969). I used some of the results

of her mapping in the eastern edge of the area of study.

In sum, the Walnut is a lithologic extension of the

Glen Rose stairstep topography. Indeed, the conditions of

soils, vegetation, and slope are very similar. The lower lime

stone beds of the Walnut do support a thriving growth of Span

ish oaks that are uncommon on the Glen Rose terrane. This vege

tation line results in an easily recognized feature on aerial

photographs for mapping purposes.

Edwards Limestone. The Edwards Limestone, and similar

rock mapped in the Lake Travis vicinity, consists of very resis

tant, thick-bedded, sparse biomicrites with local rudistid ac

cumulations. It contains very little terrigenous material of

any kind but does contain lenses and nodules of chert, which

are absent from the Glen Rose Formation. The hard limestone

(mapped as Edwards) is generally from 50 to 100 ft thick in the

Lake Travis vicinity.

These hard limestone beds are the youngest Cretaceous

rocks in the Lake Travis vicinity and cap the dissected plateau
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country along the eastern margin of the map area. Solutional

features such as small caverns, vugular openings, travertine

fill, and terra rosa soil are locally observable.

Cenozoic Erathem

Quaternary System

The Cenozoic deposits are surface materials, not ex

tensive bedded deposits. The unconsolidated surface deposits

of alluvium, colluvium, and caliche veneer are generally re

lated to the streams that are now active in the region. These

youngest deposits are part of an on-going process: the wasting

of the "Hill Country" highlands and filling of the lowlands.

These deposits are generally ephemeral, although the processes

of erosion and transportation of sediment has been arrested

temporarily by man's activities the construction of the dams

on the Colorado River.

Alluvium and Alluvial Terrace. The alluvial unit con

sists of unconsolidated, poorly sorted, wedge-shaped or lentic

ular fluvial deposits of clay, sand, silt, and gravel. Some

times this material is cemented by caliche. The materials of

this unit occupy both present floodplains and abandoned higher

ancient stream courses. Also, it locally contains colluvial-

alluvial valley-fill deposits. Overbank, fine-grained deposits

exist in scattered localities but because of limitations of

scale are not discriminated from the more common, coarse-grained
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channel deposits.

Alluvial deposits are restricted to the immediate lake-

shore vicinity and floodplains or former floodplains of tribu

tary streams. Some ephemeral streams in upland carbonate areas

have associated with them mappable, fine-grained, valley-fill

material.

The rock constituents of these deposits are highly

variable. Very finely divided carbonate detritus, including

calcareous clay admixed with blocky limestone fragments, con

stitute the valley-fill deposits of the upland Glen Rose, Wal

nut, and Edwards terranes. Coarse-grained, usually well-rounded

limestone fragments occur along larger streams that originate

within the limestone units. These deposits are commonly cali

chified. Material of varying grain size consisting of igneous,

metamorphic, and sedimentary rock fragments remains as terraces

along the Colorado River and as terrace and floodplain deposits

along tributaries in the upper reaches of Lake Travis. Maximum

thickness of any alluvial deposits exposed in the Lake Travis

vicinity is about 50 ft. Total thickness may be as much as 120

ft.

Residuum and Calichified Veneer. Residuum and calichi

fied veneer consist of poorly sorted, rounded to angular frag

ments ranging in size from clay to cobbles. The constituent

particles are mostly sedimentary rock fragments, usually from

a rock unit in the immediate vicinity of the veneer deposits.
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Fluvial transport over a great distance is not likely. In

stead, the material is preserved as a thin surface deposit

that remains as other more soluble, or less resistant surround

ing strata are leached or otherwise eroded away. The residual

deposits are thin and discontinuous. The maximum thickness is

approximately 10 ft.

In some localities, a nearly pure calcium carbonate

residuum (caliche) occurs. This is unusual in that caliche

normally exists as a cementing matrix within the pore spaces

of a pre-existing deposit. In this example, however, there is

little admixed detritus. Thus, a pedogenic concentration proc

ess is not as likely as solution of a limestone at one place

and redepositing the calcium carbonate at another place under

proper conditions. These deposits occur almost exclusively at

the contact of the Hensel and Cow Creek Formations. The pos

sibility exists that they might be Cretaceous rather than Qua

ternary deposits. Stricklin and others (1971) described a

Cretaceous caliche at the base of the Hensel elsewhere in Cen

tral Texas

Colluvium. There are three types of colluvial material

in the Lake Travis vicinity, all of which are mapped within

this unit. One variety occurs where large blocks of Cow Creek

Limestone cover the slopes underlain by Hammett Shale. The

limestone blocks may be several feet to several tens of feet in

diameter. This occurrence is most common at the base of bluffs
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along lakeshore with a rubble-strewn slope extending to the

water level.

Another variety of colluvium consists of cobbles and

pebbles derived from the Sycamore Formation, veneering slopes

underlain by Smithwick Shale. Lower slopes may be covered by

particles of this size, so this variety is not restricted to

steep stream-cut localities.

The third type of colluvial veneer consists of small

flaggy limestone blocks covering recessive lower slopes in

areas of Glen Rose outcrop. This is especially common on

marls below ledge-forming limestone. Occurrences such as

these are generally not of sufficient size to be mapped.



APPENDIX II. LIMITATIONS OF SEPTIC-TANK USE

A septic tank system consists of two phases: one act

ing without oxygen (anaerobic) and the other dependent upon

the presence of oxygen (aerobic) to degrade the waste. The

anaerobic part of the system consists of a closed container

(the septic tank) that holds the sewage effluent. Here set

tling of solids occurs along with anaerobic bacterial diges

tion of the waste. The clarified but still highly noxious

liquid fraction drains from the tank into the absorption field

(aerobic phase). The aerobic phase of the system is the site

of many problems.

Proper aerobic waste treatment is dependent on the

physical ambience of the absorption field. The carrying capac

ity of the land for waste water treatment via the aerobic phase

of the septic tank system is dependent upon: (l) soil thick

ness, (2) soil texture (and thus soil permeability), (3) slope

of the ground surface, (4) presence, number, and size of frac

tures or caverns in underlying bedrock, (5) depth to ground

water, and (6) proximity to water wells or surface water sup

plies. Additionally, overloading of an otherwise properly

functioning system can result from too many septic tanks (or

too much effluent) within a given area.

Freese and others (1970b) presented a synopsis of lim

iting factors with regard to proper operation of septic tank

145
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absorption fields. This discussion points out several defi

ciencies in criteria of the Manual of Septic Tank Practice

(U. S. Dept. Health, Education, and Welfare, 1958) with regard

to septic-tank placement.

One such deficiency is related to the percolative ca

pacity of soil as determined by the "standard percolation

test." The percolation test does not recognize a threat from

a rapid percolation rate. The lower limit for suitable perco

lation is established to be one inch of drawdown in 60 minutes,

but no upper limit for drawdown is stated. The implication is

that effluent cannot drain into the ground fast enough and,

correspondingly, the worst problem of malfunctioning absorption

fields is the surfacing and ponding of effluent. Freese and

others (1970b) pointed out the fallacy in this. Particle size

and related void space are important factors in proper filtra

tion of waste water. The soil particles must be large enough

to permit adequate percolation, but small enough to allow phys

ical, chemical and biological processes within the soil mantle

to upgrade the quality of effluent.

A correlation was demonstrated by Freese and others

(1970b, p. 165) and McGauhey and Krone (1967) between grain

size of the soil and distance of travel by coliform bacteria:

the smaller the particle size, the shorter the distance from a

point source are coliform bacteria detected. Franks (1972, p.

196-197) referred to experimental studies in California where,
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under "ideal" conditions, coliform bacteria from sewage efflu

ent decline to almost undetectable levels after 4 to 7 ft of

percolation. However, in coarse-textured, saturated soil,

lateral distances of 232 ft or more were required for reduction

of coliform counts to acceptable levels. The problem was aptly

summarized by McGauhey and Krone (1967, p. 168), "the engineer

is warned that maximum infiltration rates into soil materials

are not necessarily accompanied by optimum quality changes in

percolating water."

Another deficiency of the Manual of Septic Tank Prac

tice is the failure to present guidelines for minimum residen

tial lot sizes and the distance required between adjacent ab

sorption fields. As pointed out by Freese and others ( 1970b,

p. 165), waste water effluent from a family of three placed on

an absorption field of 1,320 square ft is equivalent to soil

saturation resulting from an annual rainfall of 100 inches.

Additionally, the soil must accommodate water input from nor

mal rainfall. Exigencies of climate and the predicted efflu

ent output by absorption fields on neighboring lots should be

factors in septic tank design.

Imhoff and others (1971, p. 104) stated that "for aver

age conditions in moderate climate the sewage load should be

limited to 12 persons per acre." Freese and others ( 1970b, p.

207) recommended that one-acre lots should be the minimum size

of houses using septic tanks along the Highland Lakes because
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the conditions are not average and the climate is not moderate.

The lot size, according to their recommendations, should in

crease with increasing slope.

Depth of soil is an important factor in proper assimi

lation of waste effluent. The depth of soil below the absorp

tion trench should be 4 ft. The absorption trench is de

signed to be buried about 2 ft below ground surface so that

a total soil thickness should be 6 ft (U. S. Dept. Health,

Education, and Welfare, 1958, p. 2, 8; Texas State Dept.

Health, 1971, p. 4). Depth of soil required is also a function

of particle grain size. Very coarse material will demand a

greater thickness for proper filtration (Clark and Lutzen,

1971).

Ground slope, if excessive, permits surfacing of efflu

ent at only a short distance from the discharge point in the

absorption field. The tendency for effluent to surface is fur

ther compounded if an impermeable seal (such as tight bedrock)

is close to the surface. The threshold value of 15 percent is

a compromise of various slope-related land-use constraints.

The Geological Survey of Alabama (1971, p. 12) stated that

slopes of greater than 10 percent present problems with land

use. Kansas Geological Survey Study Committee (1968, p. 6)

stated that slopes should not exceed 10 percent for proper sep

tic tank use. Franks (1972) stated that 20 percent is a maxi

mum for septic tank use. According to SCS unpublished soil
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reports, 15 percent is the critical slope threshold. Slope

limitations on septic-tank operation also vary with soil depth

and particle size.

Fractures, crevices, or caverns in underlying rock con

stitute geologic factors not accounted for in the Manual of

Septic Tank Practice. These openings act as conduits through

which waste water can flow rapidly with little beneficiation.

The rapid rate of flow also may give a misleading result to

percolation tests. The problem of conduit flow is especially

severe where soil mantle is unduly thin over fractures or cav

erns

Franks (1972, p. 200) discussed the problems attendant

with septic tanks in fractured rock terrane.

Although percolation tests in fractured bedrock run

according to the U. S. Public Health Manual on septic
tank designs show acceptable percolation rates, it
must be understood that these rates are determined

with clear water flowing through fractures within the

rock and not filtration through the pores surrounding
soil particles.

He stated further (p. 201),

Open fractures or solution channels in rock do not

provide filtration or treatment of effluent ... in

fractured and cavernous rock there is free flow of

contaminants, bacteria and viruses, for thousands

of feet.

Deutsch (1963, p. 33) pointed out the special hazards of ill-

placed septic tanks in limestone terranes.

Hazards of bacteriological pollution from septic
tanks are especially great in areas where permeable
limestone formations are at or near the surface.
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In contrast to glacial drift deposits, where the sep
tic tank effluent moves through the interstices be

tween the rock particles, the water in limestone,
dolomite, and other dense rocks moves largely through
secondary openings along bedding planes, fractures,
or solution cavities. Little or no filtering action

occurs, and, hence, the bacterial pollutants along
with deleterious chemicals from the septic tank may
travel large (sic) distances underground laterally or

vertically.

Other constraints for septic tank placement are stated

by U. S. Dept. Health, Education, and Welfare (1958, p. 7).

Absorption fields should be at least 100 ft from water wells,

50 ft from surface water bodies, and 10 ft from dwellings.

These guidelines are inadequate where septic tanks are ill

placed. This is substantiated by the previously mentioned dis

tances from point sources that contamination and high bacterial

counts have been detected in natural water bodies.



APPENDIX III. PERCOLATION TESTS IN THE

LAKE TRAVIS VICINITY

Step-by-step procedures involved in effecting percola

tion tests are set forth in the Manual of Septic Tank Practice

(U. S. Dept. Health, Education, and Welfare, 1958). A summary

of procedures follows:

1. The test is performed in soil. There should be at

least 4 ft of soil above bedrock.

2. Six or more tests should be run at a single site

for statistical validity.

3. Test holes should be about 4 inches in diameter,

but no optimum depth is stated. Presumably the

tests should extend somewhat below the bottom level

of the drain field.

4. The test holes should be prepared so that an opti

mum infiltration surface exists (care should be

taken to avoid smearing clay and thus reducing per

meability)

5. Water should be left in the hole for at least 4

hours and preferably overnight to allow for pos

sible swelling of soils.

6. After a sufficient waiting period (24 hours) the

water level in the test should be adjusted and a

measurement made of the infiltration rate over a

151
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30-minute period. If the water drains rapidly re

peated measurements should be made.

Under the terms of the Texas Water Quality Board regu

lations percolation tests are to be carried out on every lot

within the "restricted" and "water quality" zones. Results of

these tests were obtained from the contracting firm through the

courtesy of LCRA. The information obtained is a compilation of

test results as of November 1972.

A statistical reduction of these data is presented in

Table 10. The statistical analysis was based upon different

locations on the lake. The exact locations of the tests were

unobtainable from the records of the contracting firm. However,

general location is given in terms of subdivisions (fig. 22).

Most of the tests have been run in the Glen Rose Forma

tion (nonkarstic carbonate terrane of the environmental geo

logic map). From the known lack of soil and the variability of

geologic substrate extremely variable results to the tests are

expected on this terrane, and indeed they do occur. Also, lit

tle systematic change areally is expected. In fact, the most

consistent property of these tests with regard to where they

are run is the extreme variability. At a locality one test re

sulted in an infiltration rate of 2 min/in whereas another on

the same lot was 240 min/in. The magnitude of variability of

the test results is suggested by the mean deviations in Table

10.
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Table 10. Statistical Presentation of Percolation-Test ResuKs

Location

Number of

Sites Tested

Total Number

of Tests

Mean

(min./in.) Mean Deviation

A 1 3 46.7 22.3

B 1 3 24.3 23.7

C 28 92 34.4 31.9

D 4 16 15.8 11.5

E 3 10 19.3 12.7

F 2 7 48.1 54.7

G 3 11 28.8 13.8

H 2 8 15.4 8.4

I 9 36 30.0 25.0

J 8 30 18.8 11.0

K 2 11 11.9 11.7

L 4 15 36.5 23.5

M 1 4 17.5 3.5

N 2 8 16.0 6.5

0 6 22 36.4 21.5

P 1 2 70.0 10.0

Q 4 11 19.0 6.7

R 1 4 82.5 37.5

S 2 10 15.3 6.5
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A few tests have been run within the aquifer recharge

unit of the environmental geologic map (including Hensel, Cow

Creek, and alluvium geologic units). The total sites visited

within this unit number only 8, whereas the number of sites

tested on the nonkarstic (Glen Rose) terrane total 76. Be

cause of the disparity in size between the two populations

statistical comparisons are meaningless.

With regard to the procedures for running percolation

tests it is seen that most sites have only a thin soil cover

(pi. 3), although marl beds are considered "soil" by engineers

running the tests. Despite the lack of soil and high variabil

ity of test results, only 3 of 84 sites had 6 or more tests

performed. An average of 3.5 tests were run per site. Of 306

individual tests, 12 resulted in no data. These tests were

aborted because of impenetrable rock at the ground surface.

In short, the percolation tests indicate only the high

variability of the nonkarstic carbonate terrane in assimilating

waste. No documentation exists that waste water is benefici-

ated within this abiotic "soil."
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