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|
EXECUTIVE SUMMAR
— | |
| | |
In March 1986. the Burea¢ of Economic Geology was contracted by the Texas

Water Development Board to c\onduct geoiogic and“hydrologic investigations of the

northern segment of the Edwarhs aquifer along the Balcones Fault Systembin the -

‘GeorgetoWn—‘Round Rock area and in particular to better explain the processes and

areas of recharge for the Edwards in the Georgetown area.
|

Geological mapping in conjantion with analysis of fractures in Comanche Peak.

' ! , _
Edwards, and Georgetown Iim?stones (Edwards aquifer strata) in the vicinity of

Georgetown and Round Rock, Texas, was done to provide data useful in identifying
. ) | o
potential recharge areas and assessment of local ground-water flow, and to increase

our understanding of the geology of the Balcones Fault Zone.
\ _ :
Cretaceous Comanche Pea‘k. Edwards, Georgetown, Del Rio, Buda, Eagle Ford.
and Austin strata dip gently (1°D eastward and are overlain in some places by terrace

deposits and alluvium. Several ’major normal faults, downthrown to the east, strike

northward across the area. Geptle flexures, possibly related to faulting, parallel the

faults. Minor normal faults and \joints are most abundant in areas adjacent to major

faults and flexures. These frac{ured-strata,zones‘probably parallel the length of the

!
faults or flexure axes and may be as wide as 1.6 km. Most minor faults strike

340°-040°, have displacements [ess than 2 m.band dip from 40°-80° both eastward

”‘and westward. Most joints strit‘(e 340°-020° and 2605—300°. and fracture densities

" range from 4 joints/1 m to 1‘jolint/5 m in 1- to 2-m-thick beds.

Fractures in the Comanch‘e Peak, Edwards, and Georgetown limestones exhibit

" both similar and dissimilar characteristics important to ground-water flow. Apertures

, |
of fractures in the Comanche Peak and Georgetown limestones are generally less than

1 mm. whereas apertures in Edwards limestones can be several centimeters wide.
|
| 1



'

Neér-verticél joints énd minorfa‘ults in Comanche Peak and Georgétown strata appear
to be common only near major faults or flexures. Major joint sets in a»II three units
have similar strikes, and many c}>f the. minorvfault planes are ﬂlledv with calcite. Joints
do not have mineral fillings, aﬁd abutting relationships suggest minor faults formed

“Faults and joints in limestones of the northern part of the Edwards aquifer

before joints.

>probably influencé ground wate;r in the same way they do in southern parts of the
aquifer. The nonuniform distjribution ofrfractures suggests that the hydrologic
c‘haracteristicsa of the aquifer also are nonuniforrﬁ..i Highly fractured areas adjacent to
faults shduld be more pefmeable}l tHan areas farther from faults. " For example, springs

in Georgetown City Park dischﬁrge Edwards aquifer water that may migrate upward

through the Georgetown Formation along fractures associated with a major fault 1 km
west of the springs.

Evaluation of potentiometric data, continuous water-level-recorder data in

conjunction- with precipitation data, and hydrochemical data provides a detailed picture
of the northern Edwards aquifer as well as identifying possible recharge through the
Georgetown Formation. ‘

The potentiometric surfaceT for conditions of high flow and low flow indicate a

regional flow system that is éignifican_tly affected by Balcones faulting along the

northern and southern edges of the northern segment of the Edwards aquifer. In the

Georgetown area where faultirllg is less abundant, regional ground-water flow is

generally from west to east following approximately the dip of the Edwards Formation.

‘Hydraulic gradients in the eastern part of the Edwards outcrop are steeper' than

‘gradients in the confined section} to the east and indicate different flow regimes. The

western part is characterized by relatively fast ground-water flow circulation. whereas

relatively slow ground-water circulation prevails in the eastern part. Main discharge for

the shallow, fast flow system occurs along faults and fractures through springs and



seeps at the major creeks and jrivers in the Georgetown area. Some recharge water
i

moves further downdip past these springs, however, causing large changes in water

levels. Discharge from the eastc}ern part presumably occurs through leakage across

adjacent formations. |

Water levels may respond rapidly to individual rainfall events, depending on the

amount of rainfall and previous conditions. Rapid water-level responses in well

58-19-623 located on Georgetowr{’u outcrop suggest possible local recharge via vertical

flow across the Georgetown Formation. Recharge may be along fractures associated
\

. . | . .
with major faults nearby. Data from continuous water-level recorders provide a method
for determining whether a particular location permits recharge or is within a confined

section of the Edwards aquifer. ‘

The hydrochemistry of the iEdwards water indicates an evolution of ground water

‘ .
from a calcium bicarbonate and calcium-magnesium bicarbonate to a mixed

bicarbonate, further downdip to a sodium bicarbonate, and finally to a sodium mixed

type water. Tritium concentrations are relatively high in the shallow section. indicating
| ‘
that ground water was recently recharged. This pattern is consistent with the steeper

hydraulic gradients in the weste}rn part associated with relatively fast ground-water
flow circulation. The Del Rio Formation represents the major confining unit for the
Edwards aquifer to the east, indicated by a drastic increase in fluoride concentrations
and low nitrate concentrations. Gjround water beneath the Georgetown outcrop belt is
characterized by low fluoride coni:entrations and relatively high nitrate concentrations.
Elevated nitrate concentrations suggest shallow pollutant sources and potential leakage

across the Georgetown Formation.




INTRODUCTION--GEOLOGY

In March 1986, the Bureau of Economrc Geology was contracted by the Texas
Water Development Board to conduct geologic and hydrologic investigations of the
‘northern segment of the Edwards aquifer recharge zone along the Balcones Fault
System in the Georgetown-Rou'nd Rock area (fig. 1: pls. 1 and 2). The Edwards
aqurfer is a large underground’water reservoir in Central Texas that is contained
wrthm Lower Cretaceous Edwards and associated limestones (Klemt and others, 1975; :
Baker and others, 1985; Woodruff 1985: Maclay and Small, 1986). The aquifer yields
water most abundantly along th‘e Balcones Fault Zone. a major structural break that
runs through much of Central Texas ‘betw‘een the Edwards Plateau and Gulf Coastal
Plain. A growth corridor that in recent years has become the focus of residential,
industrial, and recreational ddvelopment’ in Central Texas straddles the complex
Balcones Fault Zone and recharge zone for the Edwards aquifer. Geological and

hydrological investigations of this area have become necessary for guiding urban and

industrial development.

The geologic investigations focused on geologic mapping of units cropping out in
the Georgetown-Round Rock 1corridor and analyzing fractures in Comanche Peak,
Edwards, and Georgetown Iime%tones. A major oart of‘ the mapping studies was the
de|ineation of the Georgetown Lnd Del Rio Formations, which were previously mapped
in this area as one unit o.n the Austin Sheet of the Geologic Atlas of Texas (Barnes,
1974). It is important to d%fferentiate these units because they have different
lithologic and hydrologic charactenstrcs Baker .and others (1985) and Slade (1985)
consider Comanche Peak, Edwards and Georgetown limestones to contain the Edwards

aquifer in this region. Fractures in the Edwards aquifer limestones may influence the

capability of these strata to transmit and hold fluids. Geological mapping and
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Figure 1. Regional structural setting and location of study area near Georgetown,
‘Texas. Approximate latitude 30°40°, longitude 97°40°.




_determination of ‘fracture dis'tribut
increase our understanding of the
for identifying areas of potential
area.

zone and aquifer. =

ions, orientations, ‘and densities throughout the area
geology of the Balcones Fault Zone and are useful

recharge and for assessmg ground water flow in the

Some*aspects of this study may be applicable to other segments of the fault

Previous Studies

This investigation benefited from stratigraphic and structural studies done in

|
various parts of Williamson Coun

(1950), Tydlaska (1951). Arrington

 Tucker (1962) ‘Rogers (1963).

Barnes (1974).~ These researcher
major: faults in the area. Some‘
| parts of the region. These stu
geolOgicai 'kand “structural mapplr

this report.

Field and aerial photographic

for parts of the u.S. Geologlc

“Leander NE, and Leander 7.5- m
i

':study i‘ncludes (a) 1941 and
photography. scale ‘1:20.(‘)00.
- photography, scale approximately

~ white photography, scale approxi

al Survey Round Rock ‘Georgetown,

ty. They include Marks (1950), Walls (1950), Ward
(1954). Atchison- (1954), Young (1959 and 1967).
Evans (1965)-, Martin (1967). Wilbert (1967). and

s ‘identified and described the units and most of the

researchers also nbted‘joint and minor fault trends in
dies provrded information necessary to complete the

g and detailed fracture characterlzat|on described in

. Methods'

interpretations were made to complete geologic maps
Weir Hu‘tto
inute quadrangles.. Aerlal photography used for this
1942 Soil Conservatron Service black and- whlte' :
(b) 1953 Army Mappmg Service black—'and—whrte
1:65;000, (<) 1974 U.S. Geologic Survey_ black-and-

mately 1;‘25,600. (d) 1976 and 1981 Texas Highway



Department black-and-white ph?tography. scale 1:20,000, and (e) 1981 color infrared
National High Altitude Photograbhy (NHAP). scale 1:58,000.

Exposures are generally siparse, so much of the aerial photograph and field
mapping is based on recognitioni of different physiographic characteristics of the units.
The Comanche Peak Formation§ (fig. 2) was often identified along river beds by its
barren, white, chalky slopes. The Edwards and Georgetown Formations were
distinguished from each other bj‘/ vegetation changes and slight color tonal variations

on the color infrared photography. The tonal variations are probably due to slightly

thicker soils covering Georgetown rocks. Edwards strata is characterized by rocky

summits, rocky and thin soil to| no soil, and live and scrub oaks. Georgetown strata

is covered by thicker soils than Edwards limestones and supports some live oak

growth. Mesquite often grow}s in the clayey Del Rio Formation. Del Rio clays
i

commonly form steep to shallo]w slopes below the more resistant Buda Formation.
The resistant Buda Formationi produces a distinct break in slope that is easily
recognized on aerial photographs%. The Buda is characterized by thin, rocky soil to no
soil, and live oak growth. To}nal variations on black-and-white aerial photographs
helped identify the Eagle Ford Formation-Austin Group contact. Soils of both units
are cultivated, aIthdugh in some places Eagle Ford strata support elm and hackberry
growth, whereas live oaks gener%ally grow in Austin strata. Quaternary deposits have
gentle slopes that aid in their identification on aerial photographs. The rocks and
sediments were mapped and s'ﬁudied in the field where exposures occur. Because
exposures are generally spal'se. surface and aerial photograph mapping was
supplemented by interpretations of approximately 80 lithologic and driller’s logs.

The detailed fracture investigations were conducted in the vicinity of the San

Gabriel River, from Lake Georgetown to the town of Weir (pl. 1). This area was
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Figure 2. Stratigraphic column for the Georgetown-Round Rock study area.




chosen for the detailed field studies because well-exposed bedrock crops out along the

" river ‘and its tributaries.

GEOLOGIC, PHYSIOGRAPHIC, AND CLIMATIC SETTING

Lower Cretaceous Comanche| Peak, Edwards, Georgetown, Del Rio. and Buda and

and Austin strata crop out and dip regionally 1°

eastward across the study area

Upper Cretaceous Eagle Ford

(fig. 1: pls. 1 and 2). East of the North Fork and

South Fork (San Gabriel River)| confluence and east of Round Rock along Brushy

Creek, much of the bedrock is |overlain by terrace deposits and alluvium. Several

major normal faults, downthrown to the east, strike northerly across the

flexures, pdssibly related to faulting. parallel the faults. The faults are part of the

Normal faﬁlts of the Balc

area. Gentle

‘regional Balcones Fault Zone.

ones Fault

extends from Dallas southward to San Antonio, where the zone bends west-

fig. 1). This trend closely follows the structural grain

Zone have an en echelon pattern that

southwestward toward Del Rio (
of the Paleozoic Ouachita fold and thrust belt (Weeks, 1945). Eastward and parallel |
to the Balcones Fault Zone are the Luling and Mexia normal fault zones. These fault
zones and the Talco Fault Zone of’ northeast Texas are thought to be related to
flexure around the"vperimeter of the Gulf of Mexico (Murray, 1961). Some fault
movement may have begun during the Late Cretaceous, although most of the
movement is thought to have occurred during the late Oligocene or early Miocene
(Weeks, 1945). Carlson (1984, p. 154-155) reviewéd the structure and historical -

seismicity of Central and East |Texas and suggested that faulting of the Balcones

system has occurred continuous
occurred along the Balcones

adjustments due to sediment Ioa\

ly since the Mesozoic. Reported seismicity that has
fault trend may be explained by minor isostatic

ding in the Gulf of Mexico (Carlson, 1984).




- Corbett'(1.982) described a
faults from Dallas to San Anton
west-southwest of San Antonio.
Austin Chalk outcrop belt within
of high fracture intenvsities coinci

others, 1987).

The physiography of the Au

"graben-in-graben” style of faulting for the Balcones
o and a "horst-and-graben” style of faulting for faults
He also determined that fracture intensities in the

the Balcones Fault. Zone are not uniform and areas

de with abundant faulting (Corbett, 1982; Corbett and

stin area is characterized by the Edwards Plateau, the

Rolling Prairie, and the Blackland Prairie (Garner and Young, 1976). In the area north

of the Colorado River, the weste

undissected portion of the Edw
Woodruff (1987) described the
Edwards Plateau, separated by

Country province, which is char

plateau area dissected by surface

characteristic outcrop rocks of th

The Rolling Prairie is deve
Blackland Prairie to the east a

Colorado River, the Hill Countr

rnmost province, the Jollyville Plateau, represents the

‘ards Plateau of south-central and southwest Texas.

Jollyville Plateau as the relict outlier of the greater
the Hill Country province to the south. Thé Hill
acterized by Glen Rose outcrops, represents a former
streams that eroded most of the Edwards limestone,
e Edwards Plateau and the Jollyville Plateau..

loped within the Balcones Fault Zone, separating the

nd the Jollyville Plateau to the west. South of the

y province is to the west of the Rolling Prairie, and

'Edwards ‘outcrop occurs within the Balcones Fault Zone. whereas north of the

Colorado River, Edwards outcr

0
\

p occurs only west of the major fault (northward

extension of the Mount Bonnell Fault) on the Jollyville Plateau. Northward into

Williamson and Bell Counties, the Balcones Fault Zone becomes less distinct with

decreased faulting and less fault

Rolling Prairie loses its partic

juxtaposed to the Blackland Prai

of rocks from the Austin, Tayl

displacement across the fault zone. Consequently, the
‘ular character and the Jollyville Plateau becomes

rie in the east; the latter is characterized by outcrops

or. and Navarro Groups. In Williamson County and

10



farther to the nofth, the Jollyville Plateau is dissected by westfeasf flowing creeks,
becoming similar to the Lampasas Cut Plain terrain to the west and nor‘th (Woodrﬁff,
1987). |
The drainage divide between the Colorado RiQer to the south and the Brazos
River to the north coincides wiﬂj the Travis-Williamson county line. Therefore, only a
relatively narrow recharge zone exists on the Jollyville Plateau for ground water that
flows toward the Colorado River. The major creeks in the northern segment of the
Edwards Vaquifer" form low-gradient drainage ways within the Brazos River Drainage
Basin (Woodruff, 1985).
The climate of the area is| subhumid with long, hot summers and short, mild
 winters. Occasional surges of cold air can cause significant drops in temperatures. In
winter, the average temperature is 49°F and the average daily minimum temperature is
’ 38°F. In summer, the average Femperatu‘re is 83°F, and. the average daily maximum
tempefature fs 95°F (Soil Consetvation Service, 1983).
Humidity is méderately high and the‘prevéiling winds are from the south. The
~average ahnual rainfall for Williamson County. based oﬁ measurements taken from
1951 to 1978. is 34.14 inches. of which 60% usually falls in April through September.
The general area along the Balcones Escarpment is known for severe thunderstorms

that occur predominantly during spririg and fall that can cause severe flash floods.

STRATIGRAPHY

_ As stated previously, stratigraphy in the Georgetown-Round Rock area consists of -
Lower Cretaceous strata (Comanche Peak, Edwards, Georgetown, Del Rio, and Buda
Formations), Upper Cretaceous strata (Eaglé Ford Formation and Austin Group). and

Quaternary'terraCe deposits (fig! 2). Lower Cretaceous stratigraphy of Central Texas

11



_“has been described by many researchers,’ including Hayward and Brown (1967) and
Young (1967). Young (1985) has also studied in detail the Lower Cretaceous Austin
Group in the vicinity of the study area. | | |

The Cretaceous rock sequences in the study area reflect several transgressive

pulses. The Fredericksburg Comanche Peak and Edw‘ards Formations are transgressive
“facies representing shallow-ntiarine mud and marl and a reef—lagoon complex.
respective|y. Georgetown marls and limestones overlie -an unconformable Edwards
surface and indicate Washlta transgression. Regression after Georgetown deposition
“resulted in deposrtlon of Del Rio clay. The overlying Buda limestone reflects another
transgression. Buda strata are unconformably overlam by Upper Cretaceous Eagle
Ford shale. Another transgres‘smn ended Eagle Ford deposrtlon and Austin chalk,

marl. and limestone unconformably overlie Eagle Ford shale. Quaternary terrace -

deposits cover Cretaceous bedrock at areas adjacent to streams.

Comanche Peak Formation:

" The Comanche Peak Forrnatlon a nodular limestone and marl sequence, is
pproxrmately 18 m th|ck in t‘he central part of the study area. The unit thickens
northward across the area from about 12 m in the southern part of the area to about
21 m at the Williamson-BeII county line (Young, 1967) The limestone crops out
‘along the North Fork, Mlddle Fork, and South Fork west of Georgetown and also
| anng Brushy Creek 3 mi west of Round Rock The contact with the underlying
Walnut Formation does not crop out in the study area, although Walnut strata‘
probably are beneat‘h Lake Ceorgetown[ Walnut strata also may be covered by
alluvium along the South Fork‘ Field criteria used to distinguish Comanche Peak and
overlying Edwards limestones are based on studies by Ward (1950). Ward (1950)

determined the upper contact of the Comanche Peak Irmestone in this area to be at
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~ the top of a thin (approximately 0.3 m) clayf to shale bed overlying nodular limestones .
and marl. The clay to shale bed is overlain by resistant, crystalline Edwards

Iimestone The regional extent of the upper Comanche Peak clay to shale unit was

not determmed during thlS study.

The Comanche ‘Peak Formation has transitional contacts with the Walnut and
Edwards Formations.. The fauna of this fossullferous,unit has been summarized by
Young (1967). The lithology and fauna of the Comanche Peak indicates a
~widespread, uniform. marine deposntlonal enwronment (Hayward and Brown, 1967:

Young, 1967).
Edwards Formation

The Edwards_ Formation n the study area consists of a 35- t_o‘50-m-thick‘

sequence of massive to thin-bedded Iimestones and dolomites. Honeycomb textures.

cavern systems in Edwards strata are characteristic of

the unit and account for most of the srgnificant porosity in the limestones that

contain the Edwards aquifer |(Abbott. 1973). Chert and rudistids also occur in

voids in collapse breccras and

'Edwards strata and are useful for distinguishing Edwards strata from ‘underlying
Comanche Peak and overlying Georgetown strata‘ in the field. The Georgetown
Formation unconformably -overliFs Edwards ,strata, and the top surface of the Edwards
commonly has abundant pholad borings (Moore. 1964) | |

The contacts between the Comanche Peak, Edwards, and Georgetown Formations
do notkreflect major Iithologlc changes. Even though porosity is greater W|th|n the
Edwards sequence, locally the porOSity’within Comanche Peak and G,eorgetown
limestones may also be high. = Mapped contacts between these formations may or may .

not have hydrologic significance. For example, seeps and springs were commonly
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observed near the Comanche Peak-Edwards contact between Edwards limestones
" having greater porosity than Comanche Peak limestones. However, at some localities
seeps were observed discharging from Comanche Peak limestones about 20 ft below -

the Comanche Peak contact.

()

eorgetown Formation

The Georgetown Formation comprises rnostly“ nodular limestones interbedded with

some marls. Georgetown limestones are very’ fossiliferou5' diagnostic marine

megafossrls mclude Kingena wacoensrs and Gryphaea washitaensis. The unit is 27 to

34 m thick in the study area. ‘ These limestones represent the uppermost Edwards

aquifer strata. The contact between the GeorgetoWn Formation and overlying Del Rio

clay is gradational (Young, 1967).

" Del Rio Formation

The Del Rio Formatlon consists of calcareous, fossiliferous clay that often

contains pyrite and gypsum. Exogyra arietina is abundant in the clay. Unweathered

Del Rio is composed of ‘kaolinite, illite, .and subordlnate amounts of montmorlllonlte

During weathering illite apparently alters to montmor|||on|te Weathered Del Rio clay
contains only smal| quantities of illite and greater amounts of montmorillonite (Garner
and Young, 1976). Del Rio clay is " about 20 m thick in the area. It serves as the
confining bed for the Edwardsv\zquifer. The unit is usuaIIy poo.rly exposed in slopes
below the Buda Formation. [The sharp, conformahle contact with the overlying

resistant Buda limestone produc‘es a distinct break in slope.
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Buda Formation

The Buda Formation m the Georgetown Round Rock area consrsts of a lower,

: slightly glauconitic, fossrlrferous‘lrmestone and an upper hard, resistant, burrowed .
fossiliferous, shell-fragment Ilmest'one (Martin, 1967). The formation thins northward
‘across the area from approxrmate|y 8 m to Iess than 1 m. Buda limestone-is ab.sent. '
at several places north of the San Gabriel Rrver (Arrlngton 1954). Arrington (1954)
| interpreted the area where Buda strata is absent to be structurally high. He also
interpreted pre—Eagle»Ford erosion ofy the urrit. Undivided Quaternary surﬁcial meterial
covers much of the area. so i‘t is also 'p‘ossibrle ‘that the Buda was eroded from the

~area during the Quaternary. Arrington (1954) interpreted the structural high to be an

anticline, although it is possible that one or more covered faults cross the area.

Eagle Ford Formation
|

The Eagle Ford Formation oonsists of a lower calcareous shale, a middle flaggy.

silty limestone to calcareous siltstone, and an upper shale. The unit primarily
contains montmorillonitic clay. | Several thih (1 to 8 cm) bentonite beds may also

“occur in the middle part of the unit (Garner and Young., 1976). The Eagle Ford

Formation is about 20 m thick in the Georget0wn—R0und Rock area.
Austin Group

The Austin Group, also called Austin chalk, consists of thin to thick bedded

chalk, marl. and Iimeston‘e. Ypung (1985) has described seven formationé in the

Austin Group. They are the At‘co. Vinson, Jonah, Dessau. Burditt, Pflugerville, and

15




Sprinkle Formations. These units are not mapped Separately. The Austin Group
crops out at the eastern part ojf the study area and is about 130 m thick (M'arks.

1950).
Quaternary ‘Deposits

In the Edwards outcrop tj)elt. streams are incised as narrow valleys and
Quaternary alluvial deposits arje thin and narrow. Downstream of the Edwards
outcrop belt, broad alluvial ,surfacﬁes occur. - These alluvial surfaces consist of terraces
associated with active streams as well as older remnant terraces.

Quaternary deposits are con{posed of sénd, silt, clay, and gravel. The sediments
are mapped as undivided‘surficigal deposits, terrace deposits, and alluvium (pl. 1).
Undivided surficial deposits inclujde high terrace deposits, terrace deposits, colluvium,
and alluvium that were not diffe%entiated. The surface slopes are generally greater on
the undivided surficial deposits ithan on mapped terrace deposits. The high terrace
deposits are thin remnants of older terraces and may reflect paleodrainage. Several
terrace levels associated withz the San Gabriel River, Brushy Creek, and their
tributaries also occur. Alluviun% includes deposits in the modern stream channels.
Thicknesses of the Quaternary dieposits are as great as 11 m and may be thicker in
some locations. Some of the ‘u111divided surficial deposits at higher elevations are only
a few meters thick. :
FRACT:URE CHARACTERIZATION

!

Occurrence and Distribution of Faults and Joints

The bedrock or subcrop éeology of the study area for the detailed fracture

analysis is shown in figure 3. Figure 4 illustrates major faults, flexures, well-exposed
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Figure 4. Distribution and geometries of major faults and flexures, minor faults, and
joints.. Minor fault geometries are shown as equal-area plots of poles where

n = number of measurements. Strikes of minor faults for which dips could not be
determined and near-vertical joints are illustrated in rose diagram plots where n =
number of measurements and the scale indicates the number of measurements per 10°
interval. Cross section A-A’ is shown in figure 3. Comanche Peak limestone (Kc).
Edwards limestone (Ked). Georgetown Formation (Kgt). Buda limestone (Kbu). Austin
Chalk (Kau). |
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'l|mestone outcrop, and the geometries and distribution of‘ minor faults and joints.
| Major faults “and flexures strike northkward across the area and are downthrown tp the
east. Fault planes of major faults are not exposed: however, the faults are thought te
have normal displacements on the basis of oc’ctrrrence of numerous minor normar
- t'aults anri on the regional structural setting. Major fault displa_cements are relatively
. ‘small in thrs area.  The fault at locality »2 (fig. 4) has the greatest throw: it is
estimated to be 45 m. Displacements ofy the other major‘faultﬂs irl the area ar‘e'

‘estimated to be less than 12 m, and some of these faults may actually be flexures

with associated faults of sma;II displacements. Poor exposures prevent a better
' charactenzatuon of the major fat‘rlt geometnes ~ Fault drag was recognized near some

faults and appears to have caused beds on the upthrown side of some faults to dip
toward the fault plane. It is not known if the mapped fault traces represent single
faults or several closely spaced fault splays. - Major ‘flexures are gentle and dip Iess
than 10° eastward. Cross faults and flexures that strlke subperpendicular to the
northward-strikirtg structures were not recognized, p_robably because of lnmited
exposures in the area. It is [reasonable to assume they may exist because some
minor faults strike westward (fig. 4) and cross faults have been recognized in other
areas along the Balcones Fault Zone (Rodda and others, 1970; Grimshaw. 197‘6). '
TV\ro categories of fractures, minor faults and joints, were studied in outcrop.
Field observations along the San Gabriel River and its tributaries indicate that minor
faults are most abundant in areas adjacent to ‘major faults and flexures. Even though
joints may be in strata throughopt the region, joints also appear to occur most'

commonly near the major structures,. The relationship between high joint

concentrations and major fahlts is partlcularly apparent in Comanche Peak and
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'Georgetown limestones and less noticeable ‘in Edwards limestones, which appear to be

~ jointed throughout the region.v‘

Minor Faults

Minor faults studied'have maximum normal'displacements of less than 2 m and
i :

commonly drsplace strata Iess than 0.5 m. They occur in two sets as indicated by -

‘ .
stnke durectlon Most of the minor faults strlke northward 340° 040° subparallel to

the major faults and flexures (ﬂg 4). Thesemi'nor faults dip both eastWard and

westward. Eastward dipping fauwlts are shghtly more abundant in some areas. .Other
RN R

minor faults strike westward 25d° 300° and dip- both northward and southward The
|

\
' average dip of minor fauIts |s 55°, aIthough the dips range from 40° to 80°.
\

Sllckensndes on the minor fault pIanes |nd|cate shght obhque slip that could be related

to rotatlon of .small fault blocks “ Rakes 'areat high angles, greater than 65°,

\
|

mdlcatmg the obllque slip is rrnnor Approximately 60 percent of the minor fault
planes are at |east partly f'lled W|th caIcute Characterizing minor. faults is important

\ .
~ because minor faults (1) may act as conduits for ground-water flow, (2) may reflect

" the nature of‘poorly exposed\ major faults. and . (3) provide useful mformatlon
L \ E .

) | . o . .
necessary to interpret the age relationships between faults and joints that are

discussed later in this report.
Joints

Most joints are near vertical and strike either 260°-300° or 340°-020° (fig. 4).
Joints in both of these sets probably can be separated into subsets; however, ‘it is
not critical' to this investigation] The joint set striking 340°-020° is subparallel to the

“major faults and flexures mapped across the area as well as subparallel to most of
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thé minor faults. Joints strikinjg 260°-300° are also subparallel to the other minor
fault set striking 250°-300°. |

Joints in the Comanche Pea%k, Edwards, and Georgetown limestones exhibit both
similar and dissimilar characterigstics important to ground-water flow. Apertures of
fractures in the Comanche PealL and Georgetown limestones are genefally less than
1 mm. whereas apertures in E(jiwards limestones can be several centimeters wide.
Joints occur regionally throughéut Edwards limestones, although joints in Comanche
Peak and Georgetown Iimestonés are generally more abundant in areas adjacent to

major faults. Joints in all thrée units have similar strikes and are not healed with

mineral fillings.

Fracture Spacing

The term fracture spacing |n this report refers to the distance between fractures
w.ith similar strikes that occur?in individual beds. Under ideal conditions, fracture
spacing is measured perpendicular to strikes of fractures. Fracture spacing is
dependent on bed thickness afnd rock composition as well as on the amount of
tectonic deformation to which the strata have been subjected (Price, 1966; Hobbs,
1967). Studies by researchers iin other areas have determined that thicker beds have
greater fracture spacing than thinner beds (Price, 1966: McQuillan, 1973). Limestone
beds in the Comanche Peak, fEdwards. and Georgetown sequence have different
compositions; thus, some overlying beds of equal thicknesses may have slightly
different fracture spacings. This study indicates that fractures occur throughout the
region but are rﬁost abundantzin areas adjacent to major faults and flexures. The

|
fractured-strata zones probably |parallel the lengths of the fault and flexure axes and

may be as wide as 1.6 km (locality 2. fig. 4).
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The s‘oacing"of different fr‘acture_'set's]in EdWards__‘a‘qu'ifer limestone beds of v_

“various thicknesses was determil‘wyed for this investigation. - The number of fract'ure.s
‘with similar strikes were counted along traverses 40 to 50 m long in ‘areas adjacent
~ to major faults and flexures (fig. 3) The results of these measurements are given in

table 1. Fracture spacing was determined primarily for fractures that strike within the -

ranges of the two regional fracture sets discussed previously, 340°-020° and 260_9;

3005. Most of the lime}stone bet’:ls studied are‘ between 1 and 2 m thick. ‘v Fracture-

spacing values for fracture sets that strike oblique at low angles to traverse directions

|

represent maximums. .

~ This study verifies that fractures are more wrdely spaced in thicker beds than in

, thlnner beds and that fracture spacrng may be dlfferent in limestone beds with similar 3

thlcknesses The thickest bed studled is 34 m thick and has an average fracture

_spacing of 83 m. An adjacent ‘bed 0.7 m thick and of similar composmon is more
l

vhlghly fractured and has an aver‘age fracture spacmg of 2.2 m. leestone beds 1.0

~to 1.5 m thrck have an average fracture spacmg range between 3.3 and 5 0 m.
: |

‘Fracture spacing appears to be about the same for the two regional fracture sets

Mlnor faults and Jomts werle combined for this analysis because both types of
. l

" fractures have the potentral to be conduits for fluid movement. The data indicate
l

“that these fractures do not occur umformly in each unit for the different areas
studied. For example minor faults are more common in Georgetown llmestones at
locations a, ¢, and d than in nelarby'Edwards I|mestones at Iocatlon b. where joints ‘.
are abundant (fig. 3: table 1)’ ~ This relatlonshlp could be partly due to rock
composrtlon aIthough the megascoplc geometry and nature of the major fault in that -

l

area also may be a contrlbutmg factor. - The faultlng style-may have concentrated -
“minor faults in specific areas rTher than uniformly across the area. . At localities -
_ where Comanche Peak strata are overlain by Edwards strata, most minor faults cut

both units. althdugh-Some faults termlnate in the.thlcker beds of the Edwards. This
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" relatlonshlp may be caused by |

. different thicknesses and composmons

E overlarn by Georgetown Iimestones along the river;

|
|
|
o
i
i
|
1

variations in the mechanlcal propertles of beds of
There are no exposures of Edwards I|mestones '

thus, the fauit_ reIatlonshlpsf

) between these unlts could not be vern"ed

Even though the fracture spacmg caiculatlons mdncate an average drstance between '

fractures across 40, to 50 m. fr
sometimes  occur in narrow ;(1 to
~joints per meter (joint densit)r)
beds 0.5 to 3 m thick to deter
spacing) that mayoccu‘r. Figure

to 4 joints/m, or approximately

actures are usually not equally distributed.  Joints

5 m). closely spaced zones (fig. 5). The num‘ber,of,_
was measured for closely spaced joints .in Irmestone
=rm|ne the mammum joint den5|ty (mlmmum jomt

6 |nd|cates an. average maximum joint den5|ty of 3

0.3,m between cIoser spaced Jomts. '

; ‘ i 2 “ N -. . .
Lateral and Vertical Connectivity of Fractures

-~ Connectivity of fractures is
influence rock permeability and
connectivity of fractures in this

~ exposures are usually less than

important to gro’und—water flow studies because it may

direction of fluid migration. Lateral and vertical

area is difficult to characterize in outcrop becauSe

3 m high and strata are only -exposed laterally in one

direction parallel to the river.

- connectivity along the fault pIan%e’s:

from faults the fracture connectivity is not as easy to characterize. l

indicate that some nearly vertica
individual beds, whereas others

to 18 m high.

Minor faults exhibit snmllar characterrst|cs.

|Major faults most likely exhibit vertical and lateral

however, in fractured areas adjacent to or away
Field studies »
I joints te‘rminateA at the upper a,nd lower surfaces of

are throughgomg and cut all beds in exposures up

Fleld observatlons
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Figure 5. Photograph of closely spaced joints in Georgetown Iimestone’(locality 2,
fig. 3). Field notebook is 12/ cm wide. ' '
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|
throughout the region suggest that' Edwards Iimesto'nes_ haive a gre‘ater poten_tial for
" fracture connec‘ti‘vity than'_Comahch‘e"Pveak and Georgetown Iimestones in areas away'
. from vfaults. rln areas adjacent tio ’major faults and flexures, Comanche Peak, Edwards,
.and“ .Georgetown strata may have bet‘t'er fracture connectivity than ’away'from_faulted»
areas.  These reIationships are based.on ’the_'f'reQUency in which fractures -occur in.
thes‘e,‘.u:nit.s across the area. ‘
| The. lateral variability of fractureorientations was: studied in outcrop adjacent to a
major fault at locality 2 (ﬁg 4) ‘ It is assumed that occurrence and strike variability
:of fractures throughout an area are |mportant characterlstlcs of |atera| fracture -
” connectlwty. Fractures W|th|n sets that are both abundant and vcontmuous across an
iarea. have the potential to‘_be connected. ‘The" major fault at locality 2 (ﬁ‘g. 4) has‘ a
. throw' of about 45 m strikes‘ northward, and d|splaces Georgetown Ilmestones adjacent'
to updip Edwards limestones. AZ|muth versus traverse. d|stance (AVTD) techmques

(Wise and McCrory, 1982) were | used to analyze varlablhties in strikes and occurrences

of joints ‘and minor faults measured at exposures in this area (fig. 7). Strikes of
| these ﬂf’racturesa‘re" indicated Vtiyithe AVTD pIots‘in figure 7. 'Stations 2 to 40’,
represent contvinuousj GeorgetoWin outcrop._ and Edwards strataare nearly continuous’
from stations 41 to 64. Statiori'i is ‘a small ex‘posure of Geor‘getown Iimestone but
sugg‘ests the major fault trace !Iies between stations 1 and 41. Because the area
between,Stations 2 and 41 is’ dovered" several ‘major fault splays may occur in this
coi/ered area. Joints of the northward oriented regional fracture set (340°- 020°) occur
in this area as two subsets. Jomts stnkmg 000°- 020° are well defined across the
faulted area; w_hereas other no‘irtherly striking joints (340°-355°) occur nregulariy.’»
Minor faults st,riking between 3310-" and 030° are also common in Georgetown strata.
The plot k(fig. 7) ‘suggests lateral contin‘uity“of »northward—‘"striking fractures in this

~area.
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Joints striking 260°-300° a%e well defined on the downthrown side of the fault
but occur irregularly along the tr%averse in the upthrown fault block. Where this joint
set is absent, joints striking slightly differently (300°-320°) occur. This relationship
suggésts lateral continuity of fracjtures in a west-northwest direction, subparallel to the
regional dip and across the majo} fault plane.

It is unknown why minor fzjzults are more common in Georgetown stréta on the
downthrown side of the major fa;ult than in Edwards limestones updip. The geometry
of the major fault could control jthe occurrence of minor faults, although variations in
limestone compositions and be;d thicknesses also may be a factor. In this area

Georgetown strata are generally thinner bedded than Edwards strata.

It is unknown if the covered bedrock adjacent to the major fault is more

deformed than the nearby exposures. A trench recently dug adjacent to a major fault

30 km south of the study area in north Austin indicates that areas of more intense

deformation may occur near faulﬁs (fig. 8). The trench, dug during road construction,

is approximately 50 m long and ﬁtrends subperpendicular to a major fault that strikes

020°. The trench exposes Austi%n limestones that have been down-faulted adjacent to

Edwards limestones. Breccias arhd nearly vertical dipping strata were identified as well
as faults and abundant joints sftriking 000°-030° (fig. 8). The existence of these
highly fractured strata verifies the potential of high fracture densities along major fault

traces.

Fault and Fracture Relationships

Although detailed analysis of the timing of fractures is beyond the scope of this

report, some fracture characteristics provide clues to the general relationships between
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major and minor faults and joints. The minor faults (identified in outcrops) are

presumed to be related to major faults or flexures (identified by field and aerial

photographic mapping) on the ﬁasis of similarities in strike. Fault geometries and

|
slickensides suggest that regio‘nal west-northwest and east-southeast extension
|

developed northerly striking maj‘or and minor faults. In addition, cross faults may

have formed from slight rotation of the fault blocks. = Many of the minor faults are
partly to completely filled witli1 calcite; however, the joints have no megascopic

mineral fillings. Microscopic lanalysis of joint surfaces was not done. Abutting

relationships indicate joints terrﬁinate against the minor faults. Joints of the two

regional sets exhibit no preferréd abutting relationships. These field observations

suggest (1) minor faults formed before joints and (2) joints of the two regional sets
|

formed contemporaneously. The minor faults are tectonic fractures associated with

the major faults. The joints may be younger tectonic fractures, or they may be

unloading fractures that have ]formed in response to thermal-elastic contraction

accompanying uplift and erosion!(EngeIder. 1985).

Seeps. Springs, and Fractures

Many seeps and springs oc‘cur along the San Gabriel River. West of the North
and South Fork confluence, in ‘the Comanche Peak - Edwards outcrop belt, most of
the seeps and springs occur fr;om fractures and cavities in Edwards strata or along

the contact between the two uFits. because Comanche Peak limestones usually have
lower permeabilities (fig. 9). In] the vicinity of Lake Georgetown, springs flowing from
this contact appear to be natur‘al discharge points of the Edwards aquifer. However,

some seeps and springs occur,locally within this area in fractured Comanche Peak
|

strata (fig. 10). One spring ihentiﬁed in this area flows from a cavity in faulted
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Figure 9. Seeps and springs‘ along contact between Edwards (Ked) and Comanche

Peak (Kc) limestones, common in the vicinity of Lake Georgetown.
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Figure 10. Seep along mino
fig. 3).

r fault plane in Comanche Peak limestones
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Comanche Peak limestone that isi 6 m below the Comanche Peak - Edwards contact,

“indicating that fractured Comanch;e Peak strata may contain water.

East of the Edwards limestone outcrop belt (fig. 3). seeps and springs commonly

occur along the San Gabriel River at the contact between bedrock and terrace
!

deposits. Most of the seeps priobably discharge ground water that accumulates by
surface infiltration in the pochus alluvial sand and gravel. Several springs in
Georgetown City Park discharg% ground water interpreted to be from the Edwards
aquifer (Brune, 1981). This éround water may migrate upward along fractures

associated with a major fault th?t displaces Georgetown limestones adjacent to updip

Edwards limestones (fig. 3). The major fault is located approximately 1 km west of

the springs. It is unknown why“ the springs occur 1 km east of the major fault trace
rather than directly over the fault. Water may discharge from the major fault plane
and then migrate downslope toward the river along the buried contact between the
bedrock and terrace deposits. IF is also possible that water discharges from fractured
strata at the gradational boundairy between fractured strata adjacent to thg major fault
and relatively unfractured strata of lower permeability to the east.

Two other major springs located east of the Edwards limestone outcrop belt in
this area are Berry Spring and Buffalo Spring (Brune, 1981). Berry Spring is located
on Berry Creek. 4 km (2.5 mi) north-northeast of the Georgetown springs. The

spring occurs less than 0.5 km downdip of a major fault covered by terrace deposits

and alluvium. - This spring also discharges Edwards ground water that has probably
migrated upward along fr‘actu!res (Brune, 1981). Buffalo Spring. located 1.5 km
(1 mi) south of Weir on Weir Branch, discharges water from fractures in Austin

Chalk. The spring is adjacent to a covered fault that displaces Austin strata against

Eagle Ford strata near the surface (fig. 3). Most of the bedrock in this area is
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covered with terrace deposits." It is likely the spring discharges water that
 accumulates in the fractured limestone by surface infiltration through the terrace

deposits and does not represent hischarge of Edwards water.

INTRODUCTION--HYDROLOGY

: : \ , ‘
 The northern segment of the Edwards aquifer in Travis, Williamson, and Bell

Counties is the northernmost exﬁension of the Edwards Underground Reservoir along

‘ | Lo .
 the Balcones Fault Zone (fig. 11). The reservoir is an important source of ground
water for most counties along the Balcones Fault Zone, which extends southward to

Bexar County and continues westward to Kinney County (f'g 11). A ground-water

flow divide in southern Hays County divides the aquifer into the Edwards aqurfer of

‘the Balcones Fault Zone - Austi;’n Region to the north and the Edwards aquifer of the

‘Balcones Fault Zone - San Antan'to Region to the southwest (Muller and Price. 1979). -

In the Austin area, the Colorado River acts as a hydrologic divide between the

southern Barton Springs‘ segment and the northern Segment of the Edwards aquifer.
Most hydrologic studies to date have focused on the more prolific parts of the
Edwards aquifer to‘the south, tjhe Barton Springs segment and the Edwards aquifer in

the San Antomo region. The hydrology of the northern segment of the Edwards
aqurfer is not well understood rh terms of recharge and discharge mechanlsms and its
hydrochemical characteristics. Urban development in the area. especra,lly the cities of
Round Rock and Georgetown, necessitates a better understanding of the hydrology of

‘this part of the aquifer to evaluate the water resource and assess the impact of

increased development on ground-water quality.,
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Water Resources (1978). |

36




}

The hydrogeologlc lnvestrgadlon of the northern segment of the Edwards aqurfer

~with emphasrs on the Georgetown area was desrgned along with the Bureau of

Economlc Geology's program of - g‘eologrc mapplng of stratrgraphy faults and fractures,

to evaluate the |mportance of r‘lver recharge in the vicinity of Georgetown ‘and to
determine whether the Georgetown Formatlon should be included as part of the

Edwards recharge zone as defm‘ed by the Edwards order. For this purpose, several

approaches were taken: (1) Review existing water-level data to evaluate the llmportant

processes for recharge in the Georgetown area. (2) Study water-level variations and
: y _

precipitation data through time‘ to assess recharge mechanisms. (3) Review existing
|

' hydrochemlcal data to evaluate potential local surface—water recharge. or indications of

|

cross-formational flow. (4) St‘udy water chemrstry of selected water samples to

characterize the source and determine the age of the water.

Previous Studies

Several geologic and hyd‘rologic studies from various parts of the northern

segment of the Edwards aqu‘lfer have been reported.v These include basic data
information on county -wide spr'ng and well mventorles for Williamson County (Cumley
~and others, 1942) and Travis (ounty (George and- others, 1941; Arnow, 1957) Evans
(1974) gave the‘firs‘t comprehensive hydrochemrcal study of ‘ground-water in
Williamson and ea,stern‘Burnet Counties. Klemt andjrothers (1975, 1976) described the
hydrogeology on a more regional scale that oovered Travis, Williamson, and Bell

Counties. They updated the‘hydrohlogic data base up to that time and produced

“various geologic and hydrologic maps.
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‘:Brune-—(197.5. 1981) compllt‘ed a stateW|de mventory of spnngs in Texas and

described the major springs in the study area. Snyder (1985) characterlzed the water
chemistry of selected spfingé on ‘the basis of limited field analyses. Incorporatlng
springs from the Washite Prairie seéfnent of the Edwerds aquifer, Yelderman‘ and
Collins (1987) diseussed the origin of the springs in the area in the context of the -
part]icdlar‘ hydrogeologic setting. | : ‘

.Brune and DUffin (1983) presented a comprehensive study of ground-water
occurrences in the Edwards Formatlon and other water- bearmg units of |mportance in
the Travis County» area. Baker and others (1986) concentrated on ground-water
occurrence in the Edwafds aquifer of the Balcones Fault Zone - Austin Region,

covering a four-county area from Bell Cdunty in the north to Hays County in the

south.

Several aspects 'of.the hydrogeology of norf,h{ern Edwards aquifer segment have
‘been reported in the Austin Geiological Society Field Trip Guidebook (Woodruff and
others, 1985) and the Geological} Society of America Field Trip Guide Book (Yelderman
and others, 1987). These ‘field trip guides included papers that’.‘,dealt with the
~development of the aquifer as’! a_i major water supply (Harriger, 1985), evaluated

transmissivity distributions (Sla‘de; 19‘87': De La Garza and Slade. 1987).‘ analyzed
»pumpin‘g-test ‘d“ata from ‘weIls-]neakr Pflugerville (Bentley, 1985), and studied the
hydrochemistry of Edwards ground water (Clement and Sharp, 1987). |
There have been a \(ariety ?f individual studies by private consulting firms during
the past few years ‘addressing tLe hydrogeology of Idcal areas in the Edwards aquifer.
These reports emphasize the potentlal of the aquifer as a water resource requnred for
urban development in the area. The Texas Water Development Board and the Clty of

Austin both have been conducting mvestlgatlons dealing with the hydrogeology of the

northern segment of the Edwards aquifer.
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‘HYDROLOGIC FRAMEWORK

The northern segment of theL Edwards aquifer is bounded to the north and south

by hydrologic divides representeh b‘y' west-east flowing streams, the Lampasas River

and the Colorado River, respectively (fig. 12). The land-surface elevations along stream
channels represent base-flow e‘levations of the northern segment of the Edwards

aquifer and coincide with maj‘or"' discharge sites. Salado Springs .along the northern

edge of the aquifer is the |argest spring in the northern segment of the Edwards
aquifer. Because of the relatrvely‘ deep incision of the Colorado River to the south, a
series of relatively smaller spnngs issue mtolthe BuII Creek tributary at the contactb
between the Edwards Formatihn and the underlying Walnut Formation along the
southern escarpment of the Jollyville Plateau. Other smaller springs occur in the

confined section of the aquifer, just north of the Colorado River, issuing along faults

and fractures (Snyder, 1985).

The fresh-water sectron of the Edwards aqurfer narrows toward the northern and

southern boundary In the centdal part the aqurfer expands in a west-east direction.

The western boundary coincides with the westernmost outcrop of the Edw_ards"
Formation, while the bad-wate’jr line is. generally considered the eastern boundary of

the aquifer, east of which total

Ground water from the underlying Trinity aquifers is used primarily in the west,
| . .
where the Edwards Limestone is absent or too thin to produce significant amounts of

~ ground water. In the area of tr’\e Edwards aquifer, ground water from the underlying

‘dissolved solids exceed 1000 mg/L.

Trinity aquers is hardly use‘d Only in eastern _erllamson County where water
quality of the Edwards aqurfer deterlorates ground water from the Lower Trlnlty
aqurferv(Hosston Formatlon) is used as the main water supply for several

municipalities.
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Figure 12. Location of monitoring wells and raingauges.
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HYDROLOGIC INVESTIGATION

The hydrologic and hydro;c‘hemical investigations were designed to evaluate

recharge and discharge mechan‘il‘sms of the aquifer, in particular to determine the.

importance of local recharge along creeks in the vicinity of Georgetown. Specific

hydrologic tasks included (1) re\}/iew of existing water-level data, (2) construction of

potentiometric surfaces of the Edwards aquifer, and (3) study of water levels and
rainfall through time.
Two regional potentiometric surfaces were constructed. showing (1) low-flow

conditions based on water-level r‘néasurements obtained during relatively dry years and

(2) high-flow conditions based on measurements during relatively wet years. For the

low-flow conditions, water-level measurements primarily from the last two extensive

dry periods in 1978 and 1984 were used; in case,da’ta coverage was Sparse for certain

|
; . ‘
areas, measurements from earlier dry years, for example, 1967, 1956, 1955, 1944, and

1939, were used. For high-flow iconditions, measurements during relatively wet years in

1979 and 1981 were used. In addition., available measurements from other wet seasons

‘ tl \

The constructed potenti‘ometric surfaces were compared with streamflow

were included when needed.

measurements conducted by the{ U.S. Geological Survey in 1978 and 1979 (Baker and

i ' . Y .
others, 1986), to correlate stream losses and land-surface elevation with the

constructed potentiometric surfaces.

Individual water-level hydrchraphs from the area based on approximately monthly
measurements were studied to further describe the seasonal variations and extent of
water-level variations of the aduifer_. Examination of these hydrographs allowed us to
use measured water-level dat:‘a from different periods‘to construct potent‘iometric

surfaces, documenting the hydrodynamics of the aquifer. Note that some scatter of

water-level data is implicit in {these potentiometric surfaces. On the other hand, by
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“interpreting data from different periods, data coverage is greatly increased and
- potential conflicts in measuremen‘ts can be resolved.
Detailed field investigation |involved a water-level monitoring network (table 2)..

Five continuous water-level rec{orders were installed in selected wells in the area

(fig. 12) to investigate in greater detail water-level variations in response to individual

" recharge events, as recorded by precipitation data. The following wells were monitored

using Stevens water-level recorde}rs: wells 58-35-110. 58427-210.‘ 58-19-507. 58-19-205.
\ ' :
and 58-19-623. In addition. water levels in several wells were measured on a weekly

basis; these include: wells 58—27—1031 58-27-217, 58-19-702, and 58-19-622.

~ Other continuous water-lev‘:el measurements- were available from well 58-27-305,
operated by the Texas Water development Board ‘(T‘WDB) southeast of George‘town‘
since 1981. The U.S. Geological Survey District Office in Austin has been monitoring
water levels in threercluster-\n{ell sites rthatv were drilled by TWDB in the area

(fig. 12). |

‘Water-level variations in these wells were compared with precipitation data from
4 ,

official réin stationS‘of the Na%ional Weather ’Service. from municipal raingauges in
RoLmd Rock and Pflugerville, al;wd from a raingauge operated by the Lower Colorado
River Aufhority"in ﬁorthern Tra\%is County (fig. 12). IIn addition, two ‘r’aingauge's were
installed»near Wells 58-19-205'1and 58-19-623 fo continuously méasure amounts and
rates of precipitation. } | |

The investigation of detail}éd water-level patterns for fhe different Edwards wells
is designed to characterize rech':irge and» discharge mechanisms of the Edwards aquifer.
Furthermore, on the basis of these charécterizations.' implications vof potential flow
through the Georgetown Formati.on are derived.

Hydrochemi,c:al‘kinvestigati‘ohs included (1) review of existing hydrochemical data -

and (2) analyses of water chemistry from selected samples. The purpose of the

hydrochemicalvstudy was to evaluate potential local river recharge or subcrop recharge
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|
|
from formations beneath the Edwards Formation. Water chemistry data were evaluated

1
to identify possible correlation between changes in water chemistry and water levels

\
that would indicate rapid rechar%e events.
For this purpose, water chfiemistry and water types for the Edwards, Glen Rose,
and Hosston Formations were characterized and compared with each other to better

explain the hydrology of the system. For the Edwards aquifer, the geographic

| .
distribution and total dissolved solids were evaluated in light of the overall

hydrogeologic setting.
|
During this study, several water wells and springs were sampled (table 2).
: \
Besides analyzing for major cati“ons and anions, minor elements such as fluoride and

strontium were analyzed to b<“atter characterize sources of ground water. Tritium

- . .
analyses were performed to det‘ermlne absolute and relative ages of ground water in
\

the area. Two springs were repeatedly sampled before and after major rainfall events
i

to identify possible changes in water chemistry following a major recharge event.
\

Furthermore, sulfur isotopic composition was analyzed on four water samples to
\

characterize the source of sulfate in the confined section of the Edwards aquifer and
|

in ground water from the Hosst%on and Glen Rose Formations beneath.

\
AQUIFER HYDRODYNAMICS

\
Ground-Water Flow in the Edwards Aquifer

Regional ground-water flo“w patterns can be ‘inferred from the distribution of

hydraulic head in the aquifer. Two potentiometric surfaces were constructed. Figures

13 and 14 show the hydraulic-head distribution during high-flow conditions and low-

flow conditions, respectively. Both potentiometric surfaces show a general west-east
| |
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Well

| 58-03-901
58-03-907

58-04-201

© 58-04-501
58-12-405
58-18-603

'58-19-205

58-19-5X

58-19-5Y

58-19-507
58-19-609
58-19-622
58-13-623
58-19-702
58-19-704

58-19-806

58-19-822
58-19-910
58-20-4X

58-20-4Y

58-20-409
58-20-503
58-20-701
58-21-203
58-27-103

58-27-210

58-27-217
58-27-305

58-27-810

58-27-818
57-27-833
57-27-901
57-27-902
57-28-502
57-29-501
57-33-403
57-35-110
57-36-402

*Kceb:
Kcho:
Kcgr:

~-J. A. Bigon

Edwards Formation
Hosston Formatlon
Glen Rose Formation

“Table 2. List of wells and springs sampled in this study.

Name/Owner

|
Solana Ranch
Solana Ranch
Tohuya Springs
Salado Springs
F. Schwertner
Knight Springs

- Texas Water Development Board

H. Smith
P. Gann
City of Georgetown
Berry Springs |
B. Stanton
Garrett

Texas Water Development Board

!
Zachry Company |

“San Gabriel Springs
|

bTexas Water Development Board
‘Doerfler |

Buffalo Springs ‘ :

Texas Water Development Board -

E. Buchhorne [

C. Buchhorne ‘

City of Granger }

~Texas Water Development Board

City of Georgetox‘;vn
Texas Water Development Board
Texas Water Development Board
City of Round Rock

City of Round Ro}ck

Texas Water Development Board -

F. Anderson
E. C. Overall
City of Hutto

J. H. Shepler ‘
Texas Water Development Board
G. Pfluger
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Elevation

755

Depth Water-bearing
(ft) (ft) unit*
857 780 Kcho
Spring 710 Kceb -
Spring 630 Kceb
Spring 570 Kceb
~.400 903 Kceb
Spring -850 Kceb
126 800 Kceb
~120 - Kceb
~900 - Kcho
o180 770 Kceb
Spring 660 Kceb
200 707 "Kceb
- 688 Kceb
106 - . 870 Kceb
846 840 Kcgr
. Spring 650 ~ Kceb
Spring 750 Kceb
165 695 Kceb
~ 300 - Kceb
Spring - Kceb
200 . 635 Kceb
520 795 Kceb
351 704 Kceb
2,606 578 Kcho
‘108 940 Kceb
165 805 Kceb
o121 855 Kceb
314 840 Kceb
300 690 Kceb
285 695 Kceb
135 725 Kceb
425 700 Kceb
504 685 Kceb
787 660 - Kceb
1,115 618 Kceb
462 770 ‘Kcho
131 795 Kceb
610 |

Kceb
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Figure 13. Potentiometric surface representlng high-flow conditions, for the northern

segment of the Edwards aqrufer Austin region.
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flow pattern in the central part of the area. Toward the northern edge, ground-water

flow is channelled in a northeasterly direction, parallel to the Balcones faults, toward

Salado Springs (fig. 12). Similérly, extensive faulting appears to affect ground-water

flow in the southern portion of!the area, in Travis County. Throw along the Mount
Bonnell fault is about 720 ft (2‘20 m) near the Colorado River, displacing completely
the Edwards Formation that crops out on the Jollyville Plateau to the west. Steep
hydraulic gradients in the vicinity of the fault indicate that the Mount Bonnell fault
acts as a hydraulic barrier, restricting ground-water flow from the Jollyville Plateau
into the confined section southeast of the fault.

In the central part of the aquifer, hydraulic-head contours follow a generally
north-south direction, indicating largely west-east flow. Regional ground-water flow in
‘the central part does not appeair to be significantly affected by the northeast trending
Balcones Fault Zone. Faulting i‘s less intense in the central part of the aquifer, with

fault displacement generally less than 164 ft (50 m). Hydraulic gradients decrease east

of the main faults, suggesting a slow flow circulation, whereas west of the main

faults in the eastern part of the outcrop area, gradients are steeper, indicating faster
\

ground-water flow circulation. |
' 1

Hydraulic heads in the western part do not vary greatly over time, reflecting

relatively large aquifer storativity of the unconfined section. The potentiometric surface

in the eastern, confined part varies as much as 100 ft (30 m) between high-flow

(fig. 13) and low-flow (fig. 14) conditions, reflecting relatively low aquifer storativity of

the confined section. Within the unconfined section of the aquifer the smallest
variations occur in the wester]n part and generally increase to the east toward the
confined section (fig. 6 in Slade. 1985). The cumulative effect of recharge in the

outcrop combined with the general thickening of the Edwards Formation to the

southeast causes a general increase in flow volume from west to east. Recharge
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variations will affect water levels in the eastern part of the outcrop area more than

those in the western part.

Recharge and Discharge

In the Edwards outcrop area, water levels are generally less than 100 ft (30 m)

below land surface. Along incised streams, hydraulic heads are near land surface. In

eastern Williamson County hydjraulic heads are near land surface in low-lying areas
‘

and and become generally higher than land surface along incised major streams.

Flowing wells have been reporte@ from thevarea.

Streamflow measurements conducted by the USGS along the main streams in
the area during 1978 and 1979 show relatively few sections where stream loss
- occurred. The majority of the st“ream courses are discharge sites for ground water as
indicated by streamflow increaseg. Stream losses that occur in the western part of the
Edwards outcrop along Berry Cr}eek and Salado Creek (fig. 12) are attributed to faults
crossing the creeks (Baker and %others, 1986). Similarly, a sinkhole along Brushy Creek
in Round Rock that is located rj1ear a major fault acts as a recharge po‘int for surface
water during periods when aqhifer water levels are below land-surface elevations.
During high-flow conditions wﬁen aquifer water levels are above land surface, the
sinkhole acts as a discharge siteie for ground water.

Sinkholes are generally fo%und further to the west in the Edwards outcrop area
on the Jollyville Plateau. Thiese sinkholes can recharge significant amounts of
accumulated surface water foll(%)wing heavy rainfall events. Although streams in this

\
area act often as discharge sites for ground water, much recharge can occur in the
interstream portions of the Edwiards outcrop area.

Major discharge occurs through Salado and Tohuya Springs to the north and

numerous smaller springs and seeps along the southern edge of the Jollyville Plateau
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to the south. In the central pari, discrete discharge sites include San Gabriel Springs
and Berry Springs (table 2; fig. 12). They occur in an area where Georgetown

Formation crops out near major faults. The springs represent discharge sites of the
relatlvely fast circulating row system that is characterlzed by steep hydrauhc gradients
in the eastern part of the Edwards outcrop area.

The major west-east flowing creeks mostly represent discharge areas in the
eastern part of the Edwards outcrop areai’ with numerous seeps and small springs
occurring along the banks of the creeks. On a local ‘scale. ground water is flowing
toward the west-east fldwing s‘,treams. Relativeiy short ground-water flow paths are
“established between the interstream areas ha_ving higher hydraulic heads and west-east

flowing streams at lower elevations.

‘In the central part, some ground water bypasses the springs, moving farther east

with much reduced 'hydréuiic'gra‘dient. Discharge from the sIow-circuIating flow system
presumably occurs by Ieakage through the conf'nlng units. Although ground water flow
circulation is much reduced |n the eastern part of the aquifer, large variations are
observed in the potentiometrlc surfaces between hlgh-flow and Iow—flow conditions
owing to generally Iower transmissivities of the aquifer in the confined section (Slade.

1987).

Water-Level Variations

Long-Term Water-Level Fluctuai:ions Edwards Aquifer

The change of the potentlometrrc surface between high-flow and Iow flow
conditions in the Edwards aquifer is expressed in individual well hydrographs

throughout the area. Relatively small water-level variations are observed from wells in
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the northern and western part of the aquifer, whereas water-level variations of as
much as 100 ft (30 m) are observed in wells in the confined section (fig. 15). The
hydrographs show generally synchronous variations with all water levels rising as a
result of major recharge events and water levels declining during relatively dry periods,
mostly during summer months.

The close correlation between precipitation and water-level variation is indicated
in figure 16, which shows the hydrograph of well 58-27-305 and monthly precipitation
in the area for the period betvx)een 1981 and 1986. Major rainfall events generally
occur during late spring and fall and coincide with rapid water-level rises. The rate of
water-level decline depends on{ the amount of recharge still occurring during the
recession period and prob‘ably on the amount of artificial discharge of ground water
through extensive pumpage. The observed water-level pattern in well 58-27-305
suggests a very dynamic hydrologic system that can be recharged and depleted

relatively quickly. The rapid response indicates an aquifer system with relatively low

storativity but relatively high permeability.

Lateral prppagation of maj?r recharge events through the aquifer as expressed in
water-level rises in the confinied section is indicated by the time lag of different
hydrographs (fig. 15). Water levels in well 58-29-501 during 1984 and 1985 lag behind
those in well 58-27-902, whicf; is located further up the hydraulic gradient in this

area. Water levels in well 58-29-501 continued declining in the fall of 1984, whereas

water levels in well 58-27-902 were rising as a result of major rainfall events.
Subsequently, water levels in v‘vell 58-29-501 started to rise; the total head change

was much smaller compared with that of well 58-27-902 (fig. 15).

Comparison of the water-I

the drought period, water lev

evel elevations in figure 15 also indicates that during

els in well 58-27-902 dropped below those in well
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58- 29 501 Iocated further downdp This reVersaI in hydraulic heads ind'icate's ground- :

" water movement updlp and p055|ble |anux of bad water into the fresh- water section of

the aqurfer during extreme hydrologrc condltlons
Durrng the 1984 drought, water levels in some wells in the area dropped below:,
those observed durlng the more extreme drought in 1955 and 1956 The pervasive

water- Ievel dechne durmg 1984 suggests ‘that mcreased pumpage during the past

several years srgnlflcantly affected the potentlometrlc surface Monthly pumpage

volumes for the crtres of Round Rock and Georgetown mcreased srgnlf'cantly durmg
“the |ast decade. Slnce 1983. total pumpage by the crty of Round Rock. exceeded that
of the city of Georgetown (fig. 17). Pumpage volumes peak during generally ‘dry
summer months and decline in .ate ‘_springand fall, 'when most rainfall occurs. |
The ‘maximum. pum‘page volumes during"t’he'summer months ge‘n‘eravlly' coincide

wrth greatest water-level declrnes ‘in weII‘58-27-30‘5, located haIfway between Round

Rock and Georgetown (fig. 16). However the steeper water-level declines also corncrde‘

with minimum monthly rainfal. Durrng the recessron perlod d|scharge from the

aquiferl either naturally through springs and seeps which is gradually declining, or
\

artificially through rncreased pumpage consrderably exceeds available recharge :

-However no statrstrcally srgnrﬁcant correlatron was found between monthly pumpage

‘volumes from Georgetown and Round Rock and water- IeveI decllnes in observatlon weII
" 58- 27 305, whrch suggests no drastrc rmpacts of major mumcrpal pumpage on water
Ievels for large areas. | 1 »

| v
Large cones of depressron that persrst for more than a year have not been

observed thrs may be owmg tor Iack of detalled water level measurements. More hkely
: however the amount of recharge expressed in terms of long-term average precrprtatron

allows the Edwards aqurfer tr!) replenlsh rtself even after a relatrvely dry season.
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Locally, however, pumpage can §igniﬂcantly affect water levels in nearby wells in the
\

Edwards aquifer, as described in the following section.

|
\
|
Long-Term Water-Level FIuctuatiions. Lower Trinity Aquifer
Water levels in well 58-33-403, located in western Travis County (fig. 12) and
completed in the Lower Trinity aquifer (Hosston Formation). show relatively small

seasonal variations as compared with those in the Edwards well 58-36-402 located

further to the east (fig. 18). More importantly, water levels have been gradually
declining during the recorded pieriod. This is true for most wells completed in the
Lower Trinity aquifer. Slade (1935) compiled data from the Trinity aquifers indicating
~ that water levels in eastern WiII}iamson County were originally higher than water levels
in the Edwards aquifer but havg been declining since the 1940’s.

Water-level data from Trinity well 58-29-603. located in eastern Williamson

County (fig. 12), indicated a similar trend. with water levels declining steadily from

about 584 ft above mean sea level in 1946 to 357 ft in October 1984. In comparison,
water levels in the nearby Edvsjlards well 58-29-501 decreased to 560 ft above mean
sea level during the drought-year 1984 (fig. 15). Major cones of depression occur in
the Lower Trinity aquifer as a‘: result of pumpage around the cities of Granger and
Taylor in eastern Williamson County (G. Duffin, personal communication, 1987). At
present, water levels in the Lowjer Trinity aquifer in the eastern part of the area are
significantly lower than in the,%overlying Edwards aquifer. The overall decline in the
Trinity water levels could I"mve a significant effect on the hydrology and

hydrochemistry of the deeper |parts of the Edwards aquifer, as discussed in the

following section.
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Results from Water-Level Monitoring Network

Water-Level Patterns

The pattern of water-level

" be used to identify confined o

~ patterns showing fluid-pressure

variations are indicative of confin

variations from continuous water-level recordings can.
r unconfined conditions of the aquifer. Water-level -

responses as a result of earth tides or barometric

ed conditions. Earth tide effects are characterized by

semi—diurnal water-level variations of relatively small magnitude (less than 5 cm).

Earth tides cause stress vanatlons acting on the aquifer. For a confined aquifer,

\
increase in stress causes the water level to rise in a well that is open to the surface

Barometnc pressures act only on the water table in the open well; any pressure
changes will affect the water- table ‘elevation in the open well. Water-level patterns

associated with daily. barometrlc ‘pressure variations are characterized by a gradual rise

in water level durmg the daytime because of a decllne in barometric pressure caused

an -

by the heating of the atmosph
radiation o_f‘ heat from the eartt
and hﬁmidity of the air."

In an unconfined aquifer, v
on the entire water table, with‘
and the adjacent Water table.
indicate changes in flow vblume
to much higher storage capacity

The difference in water-le
between conﬁbned and unconfined

the section, the presente of sem

ere.

However, a second peak may occur because of

1 surface during nighttbime.‘ depending on cloud cover

ariations in streés or barometric pressure act uniformly
no differential water-level rgspdnse bétween the well
‘Thus. water-level variations in unconfined aquifers
charéctérized by relétively smooth hydrographs owing
compared with a confined aquifer.

evel rerspon‘sé can therefore be used to distinguish -
-parts‘of the aquifer. However, as discussed later in

ii-diurnal variations that indicate confining conditions

57



~water.

does not necessarily imply that the aquifer is hydraulically segregated from surface -

Some of the monitoring ‘wells, most notably well 58-19-623 located east of
Interstate Hfghway 35 on Georgetowh outcrop, show distinct semi-diurnal fluid
pressure 'respohses‘ (fig.' 19). The particular water-level pattern in this well suggests
~ that the Georgetown Formation acts as a confining unit to the underlying Edwards

aquifer‘in‘the area of well 58-19-623. In comparison. water levels in well 58-27-210,

Iocated along IH35‘ south of Georgetown on Edwardo out‘crop. but close to the
confining Georgetown Formation separated by a major fault, show only slight semi-
diurnal patterns (fig. 19). The oiverall smoot‘h' curve suggests predominantly unconfined
conditions. |

Water levels in well 58-35-110, Ioc'ate‘d west of Round Rock on EdWards

~ outcrop, indicate more pronounced oonfining con’ditions (fig. 20) compared with those
in well 58-27-210 (fig. 19). Wéll 58-19-507, located just east of Edwards outcrop
under a relatively thin cover of the Ceorgetown Formation, indicates slight confirled :
conditions (fig. 20). In contrast, well 58-19-205, located west of IH35 just north of
‘the Edwards outcrop with a thicker cover‘o_f the Georgetown Formation than well

58-19-507, shows a uniform pattern indicating bcompletoly‘ onconfined conditrons
(fig. 20). | | . G
| The water-level pattern ;in wells 58-19-205 and 58-19-507 suggests that the
Georgetown Formation does not necessarily act as a major corrﬁning layer in thiél area,
or fhat relatively good lateral H)rdraulic rconﬁmunication exists between the well in the
confined section and the"water—table part of thé Edwards aqoifer in‘the odtcrop area
nearby. That is,” stress changes associated with earth.tides' or barometric effects a-rev .

co'mpénsated by lateral fluid-pressure propagation to the nearby unconfined part of the

~aquifer.

The more distinct semi-diurnal variations observed in well 58-35-110 (fig. 20).

where no confining cover is a,piparent. are probably_due to stratification within the -
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Figure 19. Pattern of contipuous water-level records from wells 58-19-623 and
58-27-210 (see fig. 12 for location).
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. Edwar_ds aquifer. The Edwards iFormation generally ifhickens to the south and east.
Water wells in Travis County Ii)cated within the bad-water zone were found to be

both hydrauilcally and hydrochemically stratified, whereby water levels and chemlcal

composition in the upper part of the aquifer are different from those in the lower part»"

of the aquifer (R. Flores, personal communication, 1987).

The water-level pattern from well 58-27-305, located southeast of Georgetown
and downdip from the Del Rio outcrop. as expected shows distinct semi-diurnal.
variations (fig. 21). The magnitu“des of daily variations agree closely with those in well

| . . ; -
- 58-19-623 (fig. 19). Water levels in well 58-20-409, located further east from well

58-19-623, suggest possible semdeiurnaI'i/ariation (fig. 21). However, water levels do
-~ not show the cyclicity of water-level variations, suggesting that, despite the overlying

Del Rio Clay. the Edwards aqui‘fer in this particular area is not effectively confined.

The lack of confining conditionsj could be due to hydraulic connection between the

isurface water via faults and fractures along the creek

beds. Other factors that may h?ve 'affeeted the water levels include: (1) the overall

confined aquifer at the well and

decline in water levels overwhelms possible cyclic water-level variations, or (2)
; | R .
mechanical problems of the recorder and float may have caused inaccurate readings

(M. Dorsey, personal communicaiion, 1987).
i _
~ The variety of’water—leve‘l patterns in the different wells indicates that the
aquifer in parts of the Edwards outcrop area may act as an unconfined or semi-

confined unit, and in areas whiere Georgetown Formation crops out, the Edwards

aquifer can act as a typically cpnfmed system or as a typically unconflned system.

However, confining conditions do' not preclude the potential for rap|d cross-formational
flow. As described in the foIIowm_g section, continuous records of water Ievel\and '
precipitation or streamflow rates document rapid water-level responses to individual -

“rainfall events, which suggests local recharge phenomena. -
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s water-level records from well 58-27-305 (data from

TWDB) and USGS Edwards well 58-20-409 (data from USGS Austin District Office).
See figure 12 for location.
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Continuous Water-Level Records

During this study, water !évels were recorded continuously in five wells. Weekly
measurements were performed m three additional wells, located in the Edwards and
Georgetown outcrops west and ﬁorthwest of the city of Georgetown. The hydrographs
from these three wells (fig. 22) show relatively small overall variations. Water-level
rises coincide with major rainfalli events during that period (fig. 22). The magnitude of
water-level change increases witH décreasing distance of these wells from the eastern
boundary of the Edwards outcriop (fig. 2). Water levels further downdip toward the
eastern boundary of the Edwa?rds outcrdp show an increase in the magnitude of
water-level fluctuation. This incréase is due to the additive effect of recharge moving
through the aquifer foward the east.

Well 58-35-110 shows greater water-level fluctuations (fig. 23) than those shown
in figure 22, although it is Iocatied approximately the same distance from the confining
section aé well 58-27-217 (fig. 22). However, its distance from the updip boundary is
much greater; thus, a much greajlter aquifer reservoir exists updip from well 58-35-110.
and much greater volumes of grbund water may pass through the immediate area of
well 58-35-110. |

Water levels measured weejk_ly in well 58-19-622 (fig. 24). located along IH35 on
Georgetown outcrop, exhibited ;water—level changes in the same magnitude as those
recorded in well 58-19-623 (flg 24). located downdip. east of IH35. Water-levels
respond distinctly to individual éainfall events. The relatively large magnitude of water-
level variation is in contrast to water levels in wells 58-19-507 and 58-19-205
(fig. 25). located updip from well 58-19-623, which show much smaller variations and

a generally smoother hydrographi despite their proximity to well 58-19-622.
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Figure 22. Water-level hydrogra%ahs based on weekly measurements for wells 58-19-703,
58-27-103. and 58-27-217 (see fig. 12 for location).
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Well 58-19- 507 is locate(

s Georgetown The slope of the wa

‘ of Aprll 1987 as a resuIt of pum

1 near a municipal pumping well for the cityo’f

‘ter-level curve (fig. 25)’steepened slightly at the end

page from a well nearby which started at that trme R

-The |mpact of the pumping weII nearby whrch was activated periodically, was

recorded on the continuous water;—level charts as a  sudden drop in water-levels and a

more gradual recovery

Water levels in well 58-27- 210 (f'g 26) exhibit larger fluctuations than do those

in well 58- 19-623 (f'g 24); the
presumab’ly lower storage capacr

daily water-level pattern in well

decline in well 58-27-210 may be

Iatter is characterlzed by confined condltlons with
ty than an .unconfinedsystemas indicated by the -
58-27-210 (fig. 19). The unusually steep water-level

due to drawdown from a nearby municipal pumping

well. Nevertheless"’ major rainfal eVents cause rapid water-level responses of great

|
magnltude suggestrng concentrated recharge in thls partrcular area.

Addrtronal contmuous water leveI recordmgs were obtained from TWDB and the
USGS Austin District Offlce whrch monltored water levels in three cluster- weII srtes
(f'g 12) Water level hydrographd from‘ those cIuster wells completed in the Edwards
‘Formation and from the TWDB ‘well 58- 27 305 are shown in figures 27 and 28.
"‘Water |evels in well 58-19-910 ocated near the San Gabnel River were affected by

drawdown from a nearby pumprng well showmg a very |rregular hydrograph pattern

- (fig. 27). '

Water‘ Ievels in well 58- 20-409 (fig’ 27) ’Iocated east of yvell 58-19-623 near
Berry Creek, rise more gradually than those in well 58 19-623 (fig. 24) durrng the.
‘;perrod of ‘major rarnfall events at the end of May and beginning of June. Although
' the overall magmtudes of w’ater level rise in both wells are similar (note the dlfference'v_‘
in scale). ‘waterlevels in well 58-20-409_ show no drstmct response to major mdrvrdual "
r,ainfall events.:’ and »the hy'drograph‘.shows albmulc_h smoother curve. Overall, water

lev_els in- well 58-20-409 indicate‘ a pronounced time lag'between major rainfall events
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~and water-level rise in the well.

~ during the summer months in 19

April (fig. 27). whereas in most

1987 exceeded those recorded duri
relatively small water-level peak

recharge toward the discharge sit

Interestingly.‘ the krnaximufm \rvater levels rneasured
87 vjuslt reachedv"th‘e |evels ‘olaserved during March and ’
‘other wells Water-level :elevations recorded ‘du'ring June
ring lVlarch and Aprll 1987 (figs. 22 through 28). The
in well 58-20-409 suggests dlver5|on of addrtlonal‘
es along the creeks west of well 58-‘20—409 (fig. 27).

thereby bypassing thIS part of the Edwards aqurfer

‘Water levels in-well 58 21-

305 “located southeast of the city of Georgetown, also

indicate a more buffered' and generally deIayed response to mdwrdual ralnfall events

(f'g 28) as compared with those in well 58-19- 623 (flg 24). The water-level pattern‘

agrees closely with that based

i Iocated further updip. southwest

The: descrlbed hydrograph<

gener_ally synchronous pattern. T

be related to different Iocatlons

on limited records from well 58-27-833 (flg 28)
of well 58 27-305 (fig. 12).

from wells ‘in'_different parts of the aquifer shovll a V‘
he variation in magnit}ude of water-level ‘variations can

within the aquifer and to a Iesser ‘extent, to areal

‘vanatron in preuprtatron The drfferent hydrographs indicate that in some of the wells,

ramfall events of about 1 inch (?5 mm) and more cause instant water-level responses.

These extremely rapid responses
Water-Level Response to Discret

' In thls sectron the wat
»descnbed in detall on the ba5|s

rainfall. A short and’ylntense_r‘a

are further examined in the following section.

e Rainfall Events

er-level responses to a discrete rainfall event are

of continuous monitoring of water-level variations and.

in storm on March 17, 1987, yielded a total of 1.1
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inches (17.9-mm) at well 758-19 623 and 105 inches (26. 7 mm) at well 58 19- 205
over a two-hour ‘pgriod starting at about mldnlght The hydrograph charts. shown in
| figures 29 to 31 describe the individual water- Ievel responses.

- (1) Water levels in well 58:19-623 show an instant response starting at 4 a.m.
on March 17. Depth to water decreased from 13.1 to 12.5 ft (4.0 to 3.8 m) during
the same day (ﬂg. 29). Water levels .immédiately starfed to drop again theblsamer- day
after 6 p.m. and leveled off at about 12.7 ft (3.9 m) below land surface on
March 19. | | |
| (2) Water levels in well 58-27-210 also xreactedv rapidly. However, depth to water .
- gradually decreased from 78.7 ft (23.4 vm) on March 17 to 77.8 ft (23.7 m)‘von March
20 (fig. 29). |

(3) Water: levels in well 58-19-507 started to rise at about 8 a.m. on March 17 '

from 77.1 ft to 77.0 ft (23.50 jto 23.46 m) below land surface on March 23, after

which water levels started to recede (fig. 30)

|
(4) Water levels in well 58- 35-110 had been rising since March 4, probably

responding to the previous rainfall event at the end of February. Water levels actually

dropped slightly starﬁng Marich 1“7 and reversed again on March 19 (fig. ('30).'
Precipitation may have been r!estricted to th‘e Georgetown area, and signiifi"c»anil:yb
" recharge may not have occurred | in fhe vicinity of well 58-35-110.

) (5) Water-level records for well 58-27-305 were not available prior to March 17.
‘Depth to water gradually-‘decreasAed‘from about 143.6 ft (43.8 m) on March 18 to

142.3 ft (43.9 m) on March 20 (fig. 31): subsequently, water levels declined again.

Compared with the water-level | response in well 58-27-210 (fig. 29). located farther

updip from well 58-27»305. the initial response is d‘elayed, indicating lateral

propagation of the recharge puls:e‘.. The magnitude of the water-level response in well
! | ‘ !

58-27-305 is greater than in we}H 58-27-210, iridica"cihg the reduced storativity of the
; , | ‘

i
<
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Depth.to water (ft)

— Time period of rainfall event
(1.05 inches)

78.0- 58-27-210

2 ' 13 ' & " s | e 7 . 18 ' 18 | =20 ' 21 " 22 ' 23 !
‘March, 1987 QA 8584

Figure 29. Continuous recordings showing water-level responses in wells 58-19-623 and
58-27-210 to a discrete rainfall event on March 17, 1987.
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Depth to water (ft)

C77.04

46.09

46.2

77.04

—Time period of rainfali event
(1.05 inches)

77T e T e T 20 T 2 T 22 Tes !
~-Margh, 1987 PLY-LLEY

Figure 30. Continuous recordings showing water-level response in wells 58-19-507 and

58-35-110 to a discrete rainfall

event on March 17, 1987.
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1424,
4 Time period of rainfall event

AW

= 1 , (1.05 incHes) '

g N ; | -,58-27-305

3 g |

o =<7

£ I44—2 rert\:Jgrd ‘ |
(oW % |

o 1 \

o \

7 ' 18 [ 1@ ' 20 ' =21 ' 2 ' 23
: March, 1987 QA 8585

Figure 31. Continuous recordings showing water-level response in well 58-27-305 to a
discrete rainfall event on March 17, 1987 (data from TWDB).
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confined aquifer section (note ,t‘hat"the scale in figure 31 is different from that’ in
| ﬁgbure 19). | | | }

The initial water-level resp)nse in well 58-19-62»3v (fig. 29) does not lag behind>
the‘ini}tial response in well 58—1?-507 farther updip (fig. 30). Sueh a lag time _would

inditate lateral propagation of the recharge pulse through the part of the aquifer

between the two wells. In fact, the water-level .response in the updip well 58-19-50777
indicates some lag time compar‘ed with the water- Ievel response |n well 58-19-623.
Water levels in well 58-19-623 peaked W|th|n the same day and subsequently decllnedrv
to an intermediate level (fig. 25) whereas water levels in wells 58-19-507 (fig. 30).
58-27-305 (ﬁgb. 31), and 58-27-210 (fig. 29) gradually rose over a period of severalv

days. The particular water-level“ response in well 58-19-623 suggests localized recharge,

as discussed in the following section.

Hydrologic kImpIicatio\ns of Flow

| . .

through the Georgetown Formation
i
i
j .

The major creeks in the vicinity of Georgetown can be generally characterized as
E - ' ,

discharge sites for Edwards gr%ound water leaking upward along faults- and fractures
through the overlying Georgetom}m Formation, which crops out along the creeks. Major
discharge points are San Gabriél and Berry Springs ‘which are located in the vicinity

of major faults along the San Gabnel River -and Berry Creek, respectively.
\
Water levels in well 58- 19 623, located on Georgetown outcrop between Berry

\
Creek and the San Gabriel River, responded immediately to rainfall events (fig. 29). It

is possible to achieve the ob‘s‘er\./ed rise in water level through recharge in the

Edwards outcrop area updip and lateral fluid-pressure propagation from the outcrop
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|

into the confined section. Permeability would have to be extremely high and storativity

extremely low along the flow path, allowing rapid propagation of fluid-pressure
v | s v

changes. Also, the recharge pPIse had to bypass the area near well 58-19-507

(fi‘g. 12). because the‘water-lev%al response in well 58-19-507 extended over several
days (fig. 30). whereae water Ie\'liels in well 58-19-623 declined to an intermediate level
‘within the same day (fig. 29) This particular ;respor’lse in well 58-19-623 indicates
~ local recharge and relatively,repitjd dissipation of fluid pressures toward discharge points
nearby. During relatively high flow condirt‘ions the hydraulic-head contours indicate a
~potentiometric high in the ‘inter‘stre'am a‘rea between Berry Springs to the north and
~ San Gabriel Springs to the south (fi'g.r 13). In comparison, water levels in ‘weH

58-19-507, further updip. show a gredual»rise‘over several days before declining again.

The rapid water-level decline to an intermediate level following a discrete rainfall event

is documented by sharp >peak§ on the continuoue hydrograph of weII 58;19—623
| o
(fig. 24) compared with the relatively smooth hydrograph of well 58-19-507 (fig. 25).
, | .

Within the timing accurac* of the recorders, the water-level hydrographs did not

“indicate a time lag between wa%ter-level reéponses ‘in well 58-19-623 east of IH35 an.d
~wells 58-19-507 or 58-19-205 fur}ther updip. The absence of a distfnct tim'e lag in
wafer—level responSes supports} a local recharge mechanism across the Georgetown
Formation. Lecal recherge ma}y occur through leakage alon‘g the borehole of well
58-19-623. The bavailable Well-coimpletion information indicates that the well casing 'wasi

, \
not cemented. |

I : '
‘On the other hand. water levels measured weekly at well 58-19-622 (fig. 24)
located updip along IH35 show a Synchfonous‘ pattern with approximately the same
magnitude as those in well 58-19-623 (fig.  24). Information on well com‘pletion of well

58-19-622 does not indicate the possibility of wellbore leakage. Local recharge may

occur through vertical flow across the Georgetown ‘Format"ion. most likely along faults
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\
and fractures in the vicinity of the well. WeIIs 58 19-622 and 58-19-623 are located

on extensions of major faults anng which Edwards ground water drscharges through
|

Berry and San ‘Gabriel Springs. l‘_and-surface elevation at well 58-19-623 is higher than

~ along Berry Creek to the north“ and the San Gabriel River to the south; thus, the

interstream area represents a po;tential recharge zone for the two springs.

Occurrences of major discHlarge points, such as Berry and San Gabriel Springs.’

along faults and fractures through the Edwards and overlying Georgetown Formation

document the flow potential across the Georgetown Formatron along such faults.

Geologic mapping identified fracture zones in the vicinity of major faults and related

the occurrence of major springs to fau_‘It locations.  T. Harriger (personal

communication, 1987) reported that during the dry period of 1984, pumpage from a
municipal Edwards well located near San Gabriel Springs caused springflow to cease
and creek water to flow into the spring orifices, recharging the aquifer.

Streamflow measurements conducted by the USGS during 1978 and 1979

documented that the major'creeks in the area are discharge sites for ground water.
\

However during the dry perrods in 1978 and more recently in 1984, springflow at

both San Gabriel and Berry Sprlngs decreased to a trrckle increased pumpage may

have contributed srgnlﬂcantly to‘ the drastic decline (Harnger. 1985). Consequently, the

associated decline in the‘ overal
reversal during extreme periods
withdrawar.

Dnring the study period,

water levels in well 58-27‘-305"

of continuous records in 1981.

monitored. The ‘hydrograph :

additional recharge does not ca

potentiometric surface in the aquifer can cause a flow
of drodght and accompanied increase in ground-water
water levels in the aquifer were relatively high; in fac‘t'..
were at a maximum in June 1987 since the beginning
‘Therefore. extreme low-flow conditions could not be
pattern suggests that during ‘high—flow conditions,

use a comparable water-level increase to relatively low
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flo‘w.-cond‘it'ions at ‘the beginning r)f October 1986 (figs. 24 and 2-8). During- relatively =

highv_flow conditions, " excess rect&rarge is diverted directly to the major discharge site

;along the incised streams. The ppotential diversion of recharge during relatively high

_ conditions indicates that this

capacity.

vp:iart of the aquifer cannot increase its ground-water

* Determination of stream re%:harge along the rivers in the vicinity of Georgetown

is difficult because only during extremely low flow conditions have recorded water

levels thus far declined to level

as shown in figure 14. A furt

s| approaching land-surface elevations in the creek beds,

her water-level decline, either during a more extensive

drought or through excessive ground-water wnthdrawal is required to create a more

»pronounced water-table decline,
the creek-bed elevation and the
in th|s particular area.

The Georgetown Formatio

Wthh would cause a hydrauhc head reversal between

aquifer water table, creating a potentlal recharge zone

n can transmit ground water along faults and fractures,
\

as documented by the presence of major springs and- continuous water—lev‘el recorder

data; thus, the Georgetown Formation becomes important for the delineation of

potential recharge zones for the Edwards aquifer.
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HYDROCHEMISTRY

Edwards Aquifer

The chemical compositionjof ground water in the northern segment of the
Edwards aquifer, based on data from TWDB, is shown in a Piper diagram (Piper,
1944) in figure 32. In comparison, the chemical composition of ground-water samples
collected during this study (tablej1 3) is shown in figure 33. Most ground water in the
Edwards aquifer is a calcium Vb%‘icarbonate water with up to 50% magnesium. The
composition of cations shows aj distinct trend of increasing sodium with decreasing
calcium and magnesium. The an:ion composition indicates a trend from predominantly
bicarbonate to an anion mixed t}ype water with a few samples having a predominant
sulfate composition, whereas rela%tively more samples are characterized by predominant
chloride content. \

The geographic distribution% of different water types in the Edwards aquifer is
shown in figure 34. Calcium bicarbonate water is predominant in the outcrop areas to
the west. Further downdip in the confining section of the aquifer, ground water shows

a mixed bicarbonate type that| changes to a sodium bicarbonate type and further

downdip to a sodium mixed type water. South of Georgetown, ground water goes

from a mixed bicarbonate immfdiately to a sodium mixed type water. The zone of
mixed bicarbonate type water r?arrows to the south. Similarly, the zone of sodium
mixed type water narrows souith‘ of Pflugerville; downdip from that zone, sodium
chloride water can be found (ﬁg 34).

The existence of relatively jnarrow zones of dissimilar water can be explained by

|
compartmentalization of the aquifer as a result of abundant faulting in Travis County.

As mentioned earlier, ground-water flow in this particular area is strongly controlled by
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f ground water from the Edwards aquifer (data from

Figure 32. Piper diagram o

TWDB).
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EXPLANATION
SIO Spring-water sample
W9  Well-water sample

WATER SAMPLES FROM:
+ Edwards Formation
L4 Hosston Formation
B Glen Rose Formation

T T T T ; T I T T T J
100 75 50 25 | 0 ' o] 25 50 75 1ce

Ca | Cl oA 858

Figure 33. Piper diagram of ground water collected during this study.
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| EXPLANATION ’
GEOGRAPHIC DISTRIBUTION OF WATER

TYPES IN THE EDWARDS AomeR

Mixed HCO3

Na- mixed 2351 . Total dissoived solids (mg /L)

“Bad- water” iine
7
NaCli (TD.S. > 1600 mg/L)

75
NaHCO3 &=

Tritium concentration -
(Tritium units) . QA 8575

Figure 34. Geographic distribution of water types and total dissolved solids in the
Edwards aquifer. Also shown jare tritium concentrations in selected water samples.
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faultiné. Most .notébly. the occurrence of sodium chloride water is restricted to this
area of greatest fault de‘nsity, indicating deep saline waters tHat move upward along -
these faults into the Edwards acuifer‘.“ Furthermore, faults in this area preventb shallow
ground water from deeper penetration. |
bln Williamson County, faulting becomes Iéss extensive, with fault displacement

generally less than 50 ft (15 m)! Ground-water flow on a large scale does not appear-'.

“to be affected by the northward-trending faults. indicating a predominantly west-east -

flow pattern. The zones of different water typés expand laterally and follow a general
|

trend downdip from a calcium bicarbonate water to a mixed bicarbonate, followed by

a sodium bicarbonate, and finally a sodium mixed type water (fig. 34). The zone of
sodium bicarbonate disappears south of Georgetdwn.

The pattern of ground-water types in and north of the Georgetown area reflects a

more typical evolution of water recharging é sandstone aquifer and reacting with the"
host rock. The typical evolutioq Qf water ‘recharging the‘aquifer obtains its initial
calcium bicarbonate signatvure dJring vinfiltration ‘through dissolution of carbonates by
soil CO2 or CO2 from organic matter in the aquifer (Kreitler and others. 1981)'. The..'
initial calcium bicarb‘qnéte‘water or calcium-magnesium bicarbonate water evolves "to a
sodium bicarbonate ‘.‘water as a resulvt'of cation,ex‘cha‘nge on clays. The increa‘se‘ in"

~ sulfate could be the result of gypsum or ‘anhydrite dissolution (Freeze and Cherry,

‘197‘9). oxidation of pyrite, or influx of sulfides ‘and sulfates from a downdip source;
the latter was suggested for sulfate waters in the Edwards Formation in South Texas
(Rightmire and others, 1979). The increase >in chloride could be explained by-
dissolution of evaporites, presence ‘of connate seawater, or, most plausibly, updip

‘migration of deep-baSinaI brines and mixing with fresh water (Longman and Mench,

1978 Prezbindowﬁki. 11981).
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The geographic distribution of differenf: water types reflects the extent of the two
main flow systems in the aquifér. In the western part, calcium bicarbonate water is
characteristic for ground water jwith relatively fast flow circulation. Relatively high
tritium concentration (7.5 to 11.2 T.U.) in this zone indicates that ground water was
recharged in recent years (fig.}34). The chemical composition of a water sample
collected from an Edwards watér well (58-20-701) in the confined section south of
Buffalo Springs was a mixed bicarbonate water and had very low tritihm
concentrations of 0.8 T.U., indiFating only a small amount of modern water in this
part of the aquifer. Ground wateir in this area is considered much older than ground
water further updip. The water cjhemistry suggests slow ground-water flow circulation,
which corresponds to the zone 6f low hydraulic gradients east of the major springs.
Note that the highest tritium coﬁcentrations of 11.2 T.U. were obtained from Buffalo
Springs, located east of the calcium bicarbonate zone. Brune (1981) suggested that
Edwards ground water is discflarged along fractures through the overlying units.
However, the water chemistry of; Buffalo Springs is characterized by high calcium and
low magnesium concentration (taple 3). which suggests a ground water typical for the
shallow water-table aquifer in thé Austin Chalk that crops out in the area.

The zone of relatively slowi ground-water flow circulation includes ground water
with mixed bicarbonate type, sc%dium bicarbonate, and sodium mixed ground water.
The distinction between the t\%vo different flow systems is also evident from the
distribution of fluoride concentr:j—;tions (fig. 35) and nitrate concentrations (fig. 36).
Fluoride concentrations i.ncreasejdrastically east of the fast ground-water circulation
system. Dissolved fluoride is geriuerally assumed to be derived from minerals such as
fluoride (Can) and apatite, a common acceésory mineral of igneous rocks. High

fluoride concentrations in groujnd water from the Barton Springs segment of the
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Figure 35. Geographic distribution of fluoride concentrations and water types in the
Edwards aquifer.
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Figure 36. Geographic distribution of nitrate concentrations and water types in the
Edwards aquifer.
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'Edwards aquifer has been related to Ieakage of ground water from the Glen Rose‘
Formation (Slade and others 1986)

Nitrate concentratlons show ‘an inverse pattern wrth relatlvely hlgh nitrates |n the -
western part of the area, whereas the deeper confmed section is characterlzed by |
relatively low nitrate coneentratrons (fig. 36). Nitrate is generally an indication of

surface pollution as a result of agricultural -activity or local sources from sewage.

Trinity Aquifer

The water chemistry of samples from the Glen Rose Formation (Upper and
Middle Trinity aquifers) in the northern segment of the Edwards aquifer (fig. 2)
shows a trend of anion composit%ioh from bicarb'onate'to sulfate, with a few samples
having an anion mixed type water (fig. 37). Cation composition shows a similar trend
as the Edwards ground w‘ater except for a‘greater magnesium content.

The Glen Rose Formation r‘s used as a water supply primar‘ily‘ in inorthweStern
Travis County and southwesterrh"Williamison County>where potable ground water is
found. Water is recharged in thle outcrops to the west and presumably through the
oVerlyiné Edwards Formation thaF crops out on the Jollyville Plateau. |

| The trend of increasing sodihm \r\/ith decreasing ‘calc‘iu‘m’and magnesium was not
evident of G|en Rose ground Wavtger from the Barton Sorings segment of the Edwards
aquifer. Most analyses were frord wells located in the Hill Country area, just west of
the Mount Bonnell fault where the Glen Rose crops out. Only a few samples were

available from the area of the RoIIrng Prarrre within the Balcones Fault Zone. The

relatively low sodium concent}rlations combined with high strontium and sulfate
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coneentrations were found to be a good indication of inflow of Glen Rose water lnto‘_
the Edwards aquifer (Senger and Kreltler 1984).

Ground water from the Heyssbton Formation (Lower Trirrity aquifer) is characterized
by predominant sodium composition, again with a trend of decreasing sodium and

“increasing calcium and magnesium toward a calcium-magnesium composition (fig. 38).

Anion -composition indicates a p;redominant anion mixed type water with one trend
- toward bicarbonate, another trend tovrard predorrlinantly sulfate, and a third trend
toward chloride (fig. 38). 1

As mentioned above, water levels in thre Hosston Formation have been declining
more than 200 ft (60 m) over tde last couple of decades from V\rater levels that were

at or higher than Edwards wateir levels in the eastern part of Williamson County.
E

Water chemistry could be affected by the hydraulic' changes. Ground water from the
Hosston Formation in eastern’ Williamson County is generally less saline than the
overlymg Edwards aqunfer and |s used as mun|C|paI water supply for the cities of

Granger and Taylor The chemlcal composmon in both the Edwards and the Hosston

mdncates a sodium mrxed type water in th|s area.
Discussion
 Hydrochemical Characterization

The hydrochemistry of the Edwards aquifer in the Travis County area is strongly

controlled by abundant faulting and concomitant upward leakage from deep basinal
“waters, as suggested by relatlve‘ly narrow zones. of different water types.. The water
chemistry in the Georgetown area indicates a more evolutlonary pattern of ground

water, with recharge occurring m‘the Edwards outcrop area and subsequent reactions
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with the host rock occurring as ground water moves downdip.
The increase in sodium accompanied by decrease in calcium indicates calcium-.
sodium cation exchange on sodium clays. As discussed by Clement and Sharp (1987),

the sodium source is problematic:. A possible source of clay within the aquifer is mar|.4

which can have a highly variable“clay content. However, the Edwards Formation does
|

not contain significant marls. On the other hand, the Comanche Peak Formation
|

below and the Georgetown Form%tion above the Edwards limestone are composed of

interbedded nodular limestones, Zfossiliferous limestones, marly limestones, and marl.

Ground water in the Trinity aqui*ers below is generally a sodium mixed waterreast of

Georgetown, and possible mixingi with Edwards water has been suggested to explain

the observed water chemistry in the bad-water zone (Clement and Sharp. 1987).

The water chemistry in individual wells does not indicate considerable changes
through time. As mentioned befo%re. water levels in the Lower Trinity aquifer (Hosston
Formation) have been declining fci:r decades, causing a reversal of the originally upward
flow direction from the Lower Tr%nity into the Edwards. However, neither the Edwards
nor the Lower Trinity aquifer showed any noticeable changes in water chemistry in

this area. Although both aquifersi have a similar water type, water in the Edwards has

higher total dissolved solids than|that in the underlying Lower Trinity aquifer.

Similarly, water chemistry Qata collected during this study from springs in the
Edwards outcrop area did not chja/nge noticeably through time, or as a result of major
rainfall events. Both the m’ajojr and minor chemical species as well as tritium
concentration, showed only miﬁor differences for water samples S4, S8, and S12

i

collected at Berry Springs befo‘rfe (February 22) and after (March 3 and June 18)

major rainfall events (table 3).
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Isotopic Characteriiation

" Possible origin of high sulfate concentrations in the ground water can be

documented from sulfur isotope analyses on four water samples from different

formations. The major ionic composition of these samples (sample nos. W8 through

. | ,
W11 in table 3) is illustrated in figure 33. Water samples from the Edwards.

Formation are characterized byi a NafHCO‘3—type water (well 58-20-503: sample
no. W8) and a Na-mixed type w‘ater (58-28-503: W9); samples from the Hosston and
Glen Rose formations,inr:lica.te a ?Na-mi‘xed tyoe water (58—21-203: W10) and a Na-_SO4
type water (58-19-701: W11), res"pectively. Because ofi the limited number of samples
available, the chemical results ar‘e compared with ground water samples colleoted from
the Edwards aquifer, San Antonio region by Rightmire and others (1979) as shown in

fgure 39.

Ground water from the Ed‘wards Formation sampled during this study shows
somewhat depleted»é 1S values of about +16 °/oo (fig. 39b). between the 53*s value
for sulfide-free and sulfide-bearing waters of the southern Edwards aquifer. Sulfides
‘were not analyzed in this stud!y. but bot,n water sa’mples had a hydrogen sulfide
smell. indicating ‘Iovrl sulfide concientration and possible sulfate reduction.'AIthough the
two’ Edwards water samples follow the trend of increasing sulfate conycentration with a
,v'slight decrease in SO4/CI ratios,  the ‘6345 ‘concentration suggests gypsum dissolution -
as the potentlal sulfate source.. ‘ .

‘The 6345 concentration o‘f 21 °/oo vfor‘ dissolved sulfate in the Glen Rose
Formation indicates greater 34S‘enrichment owing to a more reducing environment
‘suggested by a relatlvely strong H S smell of the water sample. Again. dissolution of‘

gypsum appears to be the main ssource of d|ssolved sulfate.
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of SO4 versus >4 isotopic con!centrations for four samples collected during this study

compared with samples collectet? from the Edwards aquifer, San Antonio region, by
Rightmire and others (1979).
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Rightmire and others (1979) interpreted the data from the Edwards aquifer, San
Antonio region, differently; they! suggested that the sulfate originates mostly from
deeper residual brines of marine; origin rather than solution of sedimentary gypsum,

although the relation between 63‘1"5 and sulfate concentrations follows the mixing line

between sulfate in shallow ground water (6345 range of +8 to 15 °/0o0) and sulfate
from dissolution of gypsum, as;uming a 5345 of +22 °/oo for Cretaceous sulfate
minerals (fig. 39b). They interpreted the trend of increasing sulfate concentration with
a slight decrease in SO,/Cl ratios (fig. 39a) and the presence of sulfides without
significant 345 enrichment of thei sulfate beyoﬁd a 6°'S value of 22 °/oo as indicative
of a deeper source of sulfide arjld sulfate. However, more recent information of the
sulfur isotope age curve for sulfajte minerals‘indicates that 6°*S values for Cretaceous
sulfate minerals ranges between%about 13 and 19 °/oo (Claypool and others, 1980).
whereas Rightmire and others (121979) assumed a value of 22 °/oo (fig 39b). Thus, the
6°4S values of the sulﬁde—beariné waters in the Edwards aquifer, San Antonio region,
probably indicate dissolution of giypsum (6345 of 13 to 19 °/oo) and 3%S enrichment
by sulfate reduction. i

The isotopic composition of%a ground-water sample from the Hosston Formation
collected during this study indica;tes dissolved sulfate that is depleted in g (6345 of
12 o/oo) compared with sedimentary gypsum. This depletion suggests that oxidation
of pyrite is a possible source of %dissolved sulfate in the Hosston Formation.

Despite the limited number %)f samples available, the isotopic compositions show
distinct differences, whereas the major ion composition does not distinguish different
sources of sulfates. Although tfie potential for cross-formational flow and mixing of
fluids from different formations cannot be excluded. the presented data suggest that

‘

the chemical composition of grdund water in the Edwards aquifer is controlled by
|

water-rock reactions along its ﬂow path.
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iHydrochemlcal Implrcatlons of Flow through the Georgetown Formatlon o

The pattern 'of'ﬂuoride and! nitrate concentrations shown in figures 35 and 36

i

vsuggests possible relatlonsh|ps between ‘concentration and confmmg condltlons in the

Edwards aquufer Both the 1 mg/L contours for fluoride and nitrate, respectlvely show

o .5|milar patterns in the study area However the concentration gradients are reversed
) i

WIth h|gh nitrate concentrations |n the western part and high fluoride concentratlons in
_.“.the eastern part. High. nitrate concentratlons are generally related to shallow sources’
of polltution either through agricultural activities or possible imp‘acts of sewage. Note

‘ .‘.that‘in area‘s 'where‘ the GeorgethWn Forniation crops out, elevated nitrate levels are
observed. Land in the Georgetowh outcrop area is being used extensively for farming,

~ whereas the Edwards outcrop area is more"tvypically used for ranching.

The decre‘ase in nitrate conicentrationstoWard the east may be ‘a result of the
aquifer dipping beneath the confining unit, ‘the' Del Rio Clay: that is, the Del Rio Clay
 restricts vertical leakage of potiential pollutan_ts from'thesur’face to the Edwards
‘aquifer. Conversely; the decline oi nitrate concentration further to the east could also
be related‘ to denitrif'cation owing to a more reducing environment further downdip as"
the shaIIow ground water transports nltrate species Iaterally from the Edwards outcrop

: area. into the confined section. A third alternatlve is that ground water in the confined

-'_system is* oIder and predates the addltlon of nitrate in the outcrop
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vThe origin - of dissolved fluoride in the Edwards water is not understood. In the
~_Georgetown area, the 1 mg/L fluoride contoﬁr approximtely follyows the outcrop belt of
the Del Rio Clay overlying the Georgetown Formation (fig. 35). The pattern of fluoride
concentration may thefefore indicate that the more confined section of the Edward.s
aquifer is deﬁn}ed by the overlying Del Rié Formation. The Edwards aquifer beneath
the GeorgetoWn Formation may l;e only semi-con'ﬁned‘within the Balcones Fault Zone.

Southwest of Round Rbck. the nitrate vcc‘mtour deviates to the east much beyond

. the Del Rio outcir‘op (fig: 36). Nitrate concentrations are as high as 58 mg>/L.‘

indicating shallow pollutant sources. Simila‘rly, the concentr‘a‘tion‘ contours of fluoride -
(fig. 35) and total dissolved soliés (fig. 34) deviate eastward, suggesting recharge of
relatively fresh watef. The general increaske’ in fa>uIting of the Balcones Fault Zone.
toward the south suggests‘ that recharge may occur throﬁgh leakage along faults and

fractures through the Georgetown Formation and overlying Del Rio Clay.

RECOMMENDATIONS FOR FUTURE STUDIES
|
. The findings of this inves?tigation identify elements of the hydrology and
geochemistry of the Edwards aqu;ifef that require more detailed investigations. On' the
basis of the particular water-lev§el responses obtained from the different weIIs’. we:
" recommend expansion of the network of continuous water-level recorders to cover

additional areas of interest in th{e Edwards outcrop area and in the confined section.

|
Recorders could be located in ithe vicinity of creeks and in interstream areas to

investigate hydraulic behavior based on water-level responses. A systematic network.
within the unconfined and confined section can be used to track recharge pulses

through the system and to identi‘fy the boundaries between the flow system with fast

ground-water circulation in the western part and slow ground-water circulation in the
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eastern pért. Additional monitor

Although numerous water wells

ng wells would be needed for this type of program.

already exist in the northern segment of the Edwards

aquifer, most of them are pro%iucing wells and therefore could not be used for -
| _
installation of continuous water-level recorderS.

Future work on the hydrogéology of s_ite-specific recharge areas of the Edwards
‘aquifer would benefit from place‘ment of continuous-recording monitoring wells in the
area under consideration that) would be completed in the Edwards Formation.
Construction of monitoring wells into aqﬁitérds or the unsaturated zone is not
“ recommended. Typically, these types of wells monitor the hydrologic properties of the
porous media immediately surro‘unding the well. Recharge‘to the 'Edwards aquifer,
however, may be along faults, ffactures. and solution features. Monitoring wells that
measure localized porous-medié phenomena probably wduld not record the typical |
recharge event.

Comparison between precipivtation and \deta‘iled water-level variations for different
flow conditions can be used to dentify‘variations in ground-water flow patterns and“
to assess effects‘of rejected recharge. The evavluation of recharge and digcharge.

relationships based on a detailed| network can be used to quantify amounts and rates

of recharge in different parts of ’the aquifer. For this purpose additional information on
hydraulic properties of the aquifelr is needed. This information can be used for ground-
water management purposes. Pumpage wells should be located strategically throughout
the aquifer to optimize both pumpage and recharge in relation to the overall flow
conditions within the aquifer. . |

Hydrochemical studies could focus on nitrate distributions within the aquifer to

better characterize potential pollutant sources affecting the water quality of the équifer.
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Nitrate concentration patterns’can be used to identify local recharge zones to the
aquifer and to delineate sensitive areas for better protection. Nitrogen isotope studies
, (615N) can differentiate animal waste sources (cattle, septic tanks) from agricultural

sources. Nitrogen isotopes could be used to test the concept that the nitrate in the

" recharge zone of the Edwards re!sults from animal waste whereas the nitrates in the
Edwards beneath the Georgetown Formation originate from overlying cultivation and
subsequent leakage t‘hrough the C%%eorgetown Formation.‘ Possible denitrification in the
confirmed sections where nitratesiare very I‘ow could also be tested.

Furthermore, a chemical sar'nfpling program could be designed to better characterize
;the transition between the most;ly fault controlled zone in Travis Cpunty and the
central part of the EdWards aquifer in Williamson County that appears‘to be less

affected by Balcones faulting. Additional chemical constituents such as sulfides should
be analyzed to test for potentially anomalous concentrations in the vicinity of faults.
SUMMARY

Geologic Conclusions

Fractures in Comanche Peak, Edwards, and Georgetown limestones that contain

the Edwards aquifer may influence the capability of these strata to transmit and hold

fluids. Two types of fractures that cut these strata are (1) minor faults having

displacements of less than 2 m and (2) joints. These fractures are generally most

abundant near major faults and flexures. although joints in Edwards limestones exist
| ,

regionally. Most of the minor faults strike 340°-040° subparallel to the major faults,

but some strike 250°-300°, suggesting that westward'—vstriking cross faults or flexures
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may occur in the area. Minor faults dip an av_érage of 55°. Most joints strike ei:ther‘
260°-300° or 340°-020°. The jbint and minor fault sets have 'similér strikes. . Many
minor faults are at least partly filled with calcite; joints do not have mineral fillings.
' Joints of the two regional sets show no preferred abutting relationshi‘ps. These

observations indicate minor faults formed before the joints and that joints of the two

regional sets formed contemporaneously. The minor faults are tectonic fractures.

: |
Joints may be either younger te‘lctonic fractures or unloading fractures.
Several fracture characteristics described in this report are important to ground-

water flow. Apertures of fractures in Edwards limestones can be several centimeters
» 1 , : :

wide, whereas fractures in Comanche Peak and Georgetown limestones are usually less

than 1 mm wide. In areas adja‘cent to major faults or flexures, the average fracture

spacing for fractures with simjilar strikes ranges between 8.3 and 2.2 m in beds

|
between 3.4 and 0.7 m thick. iLimestone beds 1.0 to 1.5 m thick have ‘an average
fracture spaéing range between 3.3 and 5.0 m. Fractures are usually not equally
distributed across an area, and joints sometimes occur in narrow (1 to 5 m), closely

spaced zones. Maximum joint (}iensi‘ties average 3 to 4 joints/m in the closely spaced
. |
joint zones. Lateral and vertical connectivity of fractures is probably greater near

major faults. Fractures in areas| adjacent to faults may have high connectivity across

faults as well as parallel faults. Springs near faults that discharge Edwards ground

water that has migrated upward verify vertical fracture connectivity in areas adjacent

to faults.

I-Lydrologic Conclusions

Hydrologic and hydrochemiéal data from the northern segment of the Edwards

aquifer in the Balcones Fault Zone - Austin region were evaluated to characterize
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recharge and di‘scharge mechani;ms and the hydrochemical pattern observed in the
aquifer. Regional ground-water flow is characterizéd by a relatively fast flow system
with major discharge points algong faults and fractures just east of the Edwards
outcrop area. Some ground wat%ar bypasses these discharge sites and flows into the
eastern part of the confining seétion of the aquifer. No distinct discharge sites exist
and reduced transmissivities cal;se large fluctuations of water levels in the confined
part of the aquifer. Discharge prjesumably occurs through leakage across the confining
beds. |

Water-level hydrographs friom individual wells in the area, based on monthly
measurements, show approximatjely synchronous variations in water levels- within the
fresh-water ‘section of the aquiffer. Water-level variations are relatively small in the
outcrop section of the aqhuiferﬁand increase to more than 100 ft in the confined
section of the fresh-water aquifjer. Continuous watér-level records show some wells
that respond very fast to individ;JaI recharge events, whereas others may show a more

/

delayed response or none at aill. A certain magnitude of rainfall appears to be
necessary to trigger a discrete‘? water-level response, which is dependent on the
previous conditions regarding ra?infall and water level. The water-level responses in
wells 58-19-623 and 58-19-622 %suggest local recharge by leakage along faults and
fractures through the Georgetowr?r Formation.

| The hydrochemistry of thé Edwards water indicates a chemical evolution of

‘

ground water from‘ a calcium b;carbonate and calcium-magnesium bicarbonate to a
mixed bicarbonate, and further idowndip to a sodium bicarbonate, and finally to a
sodium mixed type water. Tritiium concentrations are relatively high in the sHalIow
section, indicating ground water that was recharged in recent years. This pattern is

consistent with the steeper hydréulic gradients in the western part, indicating relatively
|

fast ground-water flow circulati@n. The concentration pattern of fluoride and nitrate
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i
suggests that tne Del Rio.Clay ieffectively —confines the Edwards a‘quifer to the east._'
vyhereas the GeorgetoWn oUtcrop Ebelt 'rs characteriized as a more semi—confined sectionf'
~with relatrvely hlgh nitrate concentratrons These elevated nitrate concentratrons may
| point to shallow pollutant sources
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