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GEOLOGIC CONTROLS ON CAVE DEVELOPMENT AND
THE DISTRIBUTION OF CAVE FAUNA IN THE AUSTIN, TEXAS, REGION

by Goorgs Venl

introduction

Flve cave arthropeds in the Austin, Texas, area ars faderally listed as
endangered specles (Chambers and Jahrsdoerfer, 1988). These specias are
threatened by the urban expansion of Austin and neighboring communities anto
the karst (see Appendix A) of the Edwards and associated limestonses. Direct
threats to the cave fauna are the destruction and contamination of habitat during
and following urbanization; indirect threats Inciude competition with =and

predation by Introduced species {Biclogical Advisory Team, 1980).

Urban Impact on cave ecosystems is largely a function of local geologic
character and karst evolution. The distribution of cave fauna is fully dependent
on the distribution of strata and fractures that are more susceptible to karstic
dissolution, and hence cave davelopment, and on the extent of connectivity
betwesn theose caves and related conduits. Loca! geclogy thus dictates not only
the distribution of cavernicole habitst but aisg determines the avenues for the
influx of nutrients, contaminants, and competing specles (Veni and Associates,
19884 and 1882b).

Unllke this investigation, pricr studies correlating geology to species
distribution empbhasized biologic aspects, Ressarch related o Texas caves
includes work by Barr (1980), Holsinger (1967), Mitchell and Reddell (1971), Bull
and Mitchell (1872}, Eliiott and Mitchell (1973), Barr (1974), and Ellott (1978).
Non-Texas and more generalized biogeclogic cave research ingludes studles by
Christlansen and Culver (1988}, Culver, Holsinger and Barcody {1973), Henry
(1978), Holsinger (1978}, Juberthei and Delay {1981), Peck {1921), and the detailed
treatise on the evoluiicn and ecology of cave species by Culver (1982). -

The first objective of this study g t0 assess the region’s geologic controls
on cave developiment, within the context of how the karst evolution influenced tha
evolution and distribution of cave fauna. The second objective is to combine tha
abave information with the distribution of known faves and eandangered cave
fauna to produce maps that delineate the probability of endangered cave fauna
occurring within given areas of the Austin region.

Controls [n Cave Development
The primary factors that determine the presence, size, shape and extent
of caves are:

t) predominantiy soluble rock;

2) fractures or other permeable zones within the roclk;

3} water thet is chemically undersaturated with respect
to the primary soiuble minerals present;

4) sufficlent ralief to allow the water to fiow through
the permeable zones bsfora discharging et a lower
elavation; and

5) time.



Generally, caves become larger, longer, deeper, and more intarconnected with the
greater abundance of each of the above variables. These variables can therefore
be examined to delineate areas where caves and related humaniy inaccesstble
Interstitial zonaes occur. In the following subsections the effects of stratigraphy,
structure, and hydrology are specifically addressed, with relief and time being

inherant. to esach discussicn, A glessary of karst and related geologic terms is
provided in Appendix A.

The study area, essentially comprising the karst areas of Travis and
Witliamson counties, is roughly dlvided into slx areas (Figure 1):

1) Georgetown-Round Rock area: the exposure of the
Edwards and associated limastones east of Jollyviile
extending north from the Travis-Williamson county
bordar to the Bell-Wllliamson county border;

2} North Austin area: the contlnuous Edwards and
associatad limastones extending southeast of
Jollyville toward the Colorado River;

3} Cedar Park area: the Edwards and associated limestones
exposed west and northwest of Jollyville:

4} Jollyvllle Plateau area: the outcrops of the Edwards
angd associated limestones on the Jollyville Plateau;

§) Scuth Austin area: the Edwards cutcrop south of the
Colorade River to Hays County;

§) Post Oak Ridge area: the Edwards and the equivalent
cutcrop of the Walnut Formation on Post Qak Ridge in
eastern Burnet and ad)acent Travis and Williamson
counties.

Stratioraphic_Controls

The Cretacecus Edwards Limestone is the most extensively karstified rock
in the Austin region. Other local formations contain consequential caves and
karst features eisewhare In Texas, however, with the exception of the Walnut
Formation, they generally de not have any slgnificant caves near Austin.

A detailed review of Edwards stratigraphy 1s given In Moore {1964), and
the regicnal stratigraphic column is ijlustrated In Figure 2. Figure 3 shows thet
the Edwards ELimsstone thins northward acress the study area as the Walnut
Formaticn thickens and increases in members and complexity. Stratigraphlc and
structural data were compiled for this investigation from geclogic maps and
reports including those of Nicholson (1947), Outiaw (1947}, Culbertson (1948), Ward
{1950), Arrington {1954), Atchison (1954), McReynolds {1858), Lozo, et. al {1959),
McQueen (1963), Rogers (1963), Iranpanah (13564), Moore (1964), Evans (1965),
Groshong {1967), Rogers (i965), Rodda (1970), Rudda, Garner and Dawe (1570),
Barnes, et. al (1972}, Barnes {1974), Evans {1974}, Garner and Young (1976), Smith
(1978), Barnes (1981), Kolb {1981}, Senger and Kreitler {1$84), Baker, et. al (1388),
Dorsey and Slagle (1987), Land and Dorsey (1988), Baker, et. al (1980), Flores
(1930), and Senger, Collins and Kreitler {1930},

The Influence of strafigraphy on cave development can be estimated for
each of the six subreglons by plotting the elsvation of the entrance, base, and
main passage levels of aach cave relative to the base of the Edwards Limestone.
Althcugh the stratigraphic levei of the base of the Edwarde does change as the

2
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Figure 2 (from Senger, er. al, 1990)
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Walnut thickens northward, the base of the Edwards is a fairly reliable snd

usable datum in the region. Wheare geclogic data are insufficient for accurate
stratigraphic correlations, stretigraphic Interpretations are based solely on gave
survaye and obsarvations.

The effects of stratigraphy, structure, and hydrogeochemistry on
karstlfication are fully described by White (1928) and Ford and Willlams (1989).
Basad on those well established characteristics of cave devslopment and specific
knowtedge of the Austin area karsi, correlations in cave jevels are Interpreted
as follows:

1) Most shaft entrances at similar elevations In the
Austin region indicate a stratum of relatively low
permeability and/or solubliity (possibly missing at
the surface due to eroslon) that directed surface
raecharga dowriward alohg permeable fractures,

2) Shaft entrances at simitar elevations may also
indicate a highiy permsable upper stratum through
which surface water rapidly infiltrates to converge
at its base on top of a less parmeable bed, to then
flow down a permsable fracture. Entrances that are
small relative to the diameter of the underiylng shaft
ara formed in the upper stratum, while exposure of the
main shaft as an eantrance indicates that the upper
stratum has deen removed by erosion since the Gave
formed {Veni, 1987), In dstermining the proper model
to describe the development of an area’'s cave
entrances, It is necessary 1o examlne the upper
gtrata.

3) Shafts generatly develop above the water table along
permeable vertical fractures through strata with
relatively low laieral permeabllity and/or solubility.

4) Horizontal passages generally develop in horizontal
strata with high relative lateral permeability {often
via bedding planes) and/or solubility; passage
morphology Indicates If a passage formed as a vadose
stream or a phreatic conduit.

B) towermost reaches of caves are goenerally above strata
of relatively low permeabltity and/cr solubility.
Horizontal passages that would be expected to extend
Iaterally along the top of thess strata may not be
evident and thus inaccesslble for human entry due to
saediment fill; the sediments are commanly deposited as
vadose stream competence s exceaded where the
streams' gradient decreases sharply at the base of the
shafts.

6) Springs discharge along the contact of upper permeable
and/or =soluble strata with lower stratas of lesser
parmeability and/or sotubility. Discharge oscurs Into
vallevs that breach the contact, and the magnituds of
discharge is proportional to the size of each spring's
dralnage basin. Some springs are slightly below the
contact due o downward inglsion. thrtesian springs‘

6



may rise throwgh fractures in both impermeable and
insoluble strata from deeper, groungwater-bearing
formations.

The solubility or permeability of strata is described relative to that of adjacent
beds.

Unless otherwise clted, all cave map data and descriptions wera obtained
from the Texas Speleological Survey files or publications (Reddell and Russell,
1861; Reddell and Finch, 1963; Russell, 1984, 1985 and 1988). The caves selectsd
for the following analyses are representative not of the total number of caves in
each area but of the caves having adequate elsvation data to permit stratigraphic
appraisals. The order of listing for caves analyzed In Figures 4 through 7 is
from highest to lowest elevation within the Edwards Limastone. This Brrangemant
allows for easy siratigraphic correlations between the caves.

Georgetown~Round Rock Area

The i1 caves included for the stratigraphic analysls of the Georgetown-
Round Rock area (Figure 4) are llsted and keyed in Table 1. Zones of graater
cave development are evident at slevations of 25-40 ft, 49~55 ft, 64-70 ft, B0-85
ft, and 95-100 ft above the base of the Edwards Limestone (Figure 4), These
elevations correlate well with measured cross sections near Round Rock (Atchison,
1854); the strata of those leveis are thin- to medium-bedded limestone while the

Infervening strata are iess permeable because they are sither dolomitic, marly,
cherty or thick-bedded,

The density of caves diminishes significantly north of the Georgetown-
Round Rock area boundary. The cause is the thinning of the limestone to about
100 ft, greater dolomitization, and increased number of marl Interbeds.

LR R L LRI B 30 300 0 0 000 30 000 30 0 0 0300 00 00 3003
Tabla 1

CAVES OF THE GEORGETOWN-ROUND ROCK AREA
ANALYZED IN FIGURE 4

Cave nams Num Flgure 4
Ku Klux Klan Cave

Man With A Spear Cave
Cat Cave

fone Cave

Off Campus Cave

Inner Space Cavern
Sieam Cave

Chinaberry Cave

The Lookouk

The Bat well

Riderless Cave 11
AL U L L R L B A D DO D B I D 3333
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North Austin Area

Most of the North Austin karst is in the upper portion of the Edwards
Limestone. Althcugh over 3% caves and karst features have besn recorded jn
this cutcrop, data are insufficient to accurately determine all their stratigraphic
positions based solety on the available gecloglc mape and cave surveys.

The southern section of this area aloeng its eastern fault boundary has
several sediment-filled solution pits and sinkholes: Balcones Sink is accessible
primarily due to extensive excavation of sediment fill, The cause and pericd of
sedimentation has not been determlned but may coincide with that of nearby
Fyllan Cave or with Inner Space Cavern near Georgetown. The Fyllan deposits
were determined to be over 730,000 vears old (Taylor, 1982: Young, 1988), and
dated deposits in Inner Space range from about 14,000-23,000 yeers old
(Lundelius, 1985). The extensive cave sedimentation in this area probably limits
the distribution of cave fauna by fllling cavities which could serve as habltat
and by blocking the input of organic material that would feed cavernicole fauna

Cedar Park Area

Table 2 lists 8 caves from the Cedar Park area, where the Edwards
Limestone s ercded to a thin veneer and caves form In Its lower portion,
commonly extending into underlylng formations. Although many ¢ther caves are
known nzar Cedar Park, they are omitted because of stratigraphle complexities.
A stratigraphic analygis of the unlisted caves would requlre a stratigraphic
survey within each one. Such a survey should also examine the aight tisted
caves to verify interpretations ln this report.

€L L L D O D a3 D D A0 D I3 00 B0 20D 3D
Table 2

CAYES OF THE CEDAR PARK AREA
ANALYZED IN FIGURE &

Cave nams Number in Floure &
Marigold Cave

Ilax Cave

T.W.A.S. A Cave
Honeycomb Cave
Good Friday Cave
Kamikazi Crack Cave
Grimace Cave

Cedar Elm Sink
LD L L L a3 B s 0 00 a3 2 00 0 0 0 0 20 0 00 5003 30 3)

o= O 0 = LD B e

Slx of the aight llsted Cedar Park caves display significant horizontal
davelopment at the base of the Edwards just above the Comanche Peak Formatlon
(Figure 3), The Comanche Peak and the underlying Keys Valley Mamber of the
Welnut are low permeability, ncdular, marly llmestcnes that are not khown to
contain caves in the Austin area., The primary permeabillty of these units is low
ehough to gensrally retard deownward groundwater movement and thus develop
cave passages along the upper contact with the Edwards; howevar, high
secondary permezbilitles along fractures have formed shafts in most of the caves,
gsome of which may extend as deep as the Whitestone Lentll (sometimes called the

9
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Whitestones Member) of the Walnut Formation.

The Whitestone Lantil is divided inte upper and tower units; the upper unit
is an 8§ ft thick, crosshedded, aolitic limestone, and the lower unit Is a 34
thick oolitic, shell-fragment, and miliclid limastone (Barnes, et. al, 1872),
Preliminary cbservatiohs in the Post Oak Ridge area indicate that caves form
primarily in the lower unit dus to greater groundwater circulation immediately
above the contact with the poorly permeable Cedar Park Member.

The varylnhg thicknesses of units In the Cedar Park area, especlally the
Comanche Peak and the Whitestona, make stratigraphic lnterpretation difflcult.
Two corralations are possible based on published geologlc data and the cave
levels illustrated in Figure 5. The flrst correiatlon is based on the mapping of
the top of the Whitestone in T.W.A.S. A Cave (Figure &); If this correlation is
correct, the cave streams In Ilex and Cedar Elm caves would then appear to be
perched on top of the more permeabie and cavernous lower Whitestone unit,
which is quite unlikely. In thils correlaticn model the base of Marigold Cave is
just above the Wainut Formation’s Cedar Park Member, a poorly permeabls,
slightly nodular limestone, which is dolomltic along its uppar contact.

The second and perhaps more accurate corretation is to assume that the
Whitastons Lentil is mislocated on the T.W.A.8. A Cave map. In this model the
comanche Peak has twice the thickness of the first model {(the geologic map of
Garner and Young [19761 show the formation varying from 20-40 ft thick), and
the base of T.W.A.5. A Cave would instead be perched on the Comanche Peak's
clayey lower unit. In turn, the streams of Ilex end Cedar Elm caves would be
more appropriately perched on the marly Keys Valley Member of the Walnut
Farmation instead of on the Whitestone, Only Marigold Cave would then extend
into the Whitestone, but its small perched stream may indicate that the Whitestone
Iz missing in that locale and replaced by the lass permeable Cedar Park Membsr
of the Walnut. However, until the stratigraphy of the Cedar Park area has been
carefuily mapped oh a cave-to-cave basis, neither of the above two models can
be confirmed. ——

Jollyville Plateau Area

Adjacent to the Cedar Park area, the Jollyville Piateau lacks Its neighbor's
stratigraphic complexities becavse the Comanche Peak, Keys Valley and Whitestone
units are absent, kaving pinched out. Consequently, all 13 surveyved cavaes (plus
Garden of Sinks Cave and Jug Cave which were well described) are listed in
Table 3 and their relative elevations illustrated in Figure 7.

The measured section of Barnes, et. al {1972, p. 72) on the Jollyville Plateau
was used as the local stratigraphic reference to ald in interpreting Figure 7,
The two lowermost caves in the area correlate to the three lowermost unlts of the
section. Examination of McDonald Cave has shown it t© be predominantly
developed in a 3 ft layer of soft, granular, secondary limestone perched on a 13
f+ sectlon of recrystalllzed limestone (Yeni and Asscciates, 1988b}). Balow these
units is the 7 ft basal unit which, like the 3 ft layer, 15 also composed of soft,
granular, secondary limestone., The elevation for the room at the base of Pickle
Pit places it Just above the elevation of the basal unit In the section. A closer
measuremsent in the cave would probably show the room te actually be within the
sacondary llmestone,

114
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Table 3

CAVES OF THE JOLLYVILLE PLATEAU AREA
ANALYZED IN FIGURE 7

Cave name N v in Figure 7
Kretschmarr Double Pit 1
Dear Stand Cave 2
Kretsehmarr Fluted Sink 3
Gallifar Cave 4
Ambar Cave 5

é

T

8

9

Tooth-Russell Cave
Garden of Sinks Cave
Kretschmarr Sink
Lakeline Cave

Kretschmarr Cave 10
Encinal Cave 1
New Comanche Trail Cave 12
Jug Cave ' 13
McDonald Cave i
Pickle Pit 15

L (KR DIDI 2000000 0 0000000 0000 30000300030 30 %)

The measured section shows a dofomitic chert zone 38-48 ft above the base
of the Edwards, which was first described by Veni and Asscciates (1988a) as a
lower barrier to cave developmant on the Jollyville Plateau. No caves extend
through this level, and three of the five caves which approach it have perched
horizontat passages atong the narrow 53-54 ft level. Above the 54 ft level there

is no published local stratigraphic data, and the interpretations that follow are
based on the cave levels in Figure 7.

The b4-66 ft_level sbove the base of the Edwards has moderately poor
lateral permeability, but the zone from 66-77 ft contains several levels of
passages developed along bedding plane partings. Several gcave entrances
developad just below the 80 ff levei probably indicate an overlying zone of lessar
permeability and//or solubility which is now absent due to erosion.

The plot of 37 spring elevations in the Jollyvilte Plateau ares reinforces the
pitciure of greater ang lesser zones of permeability given by the cave data
{Flgure 8). Springs selected were those shown on the Jollyville and Leander 7.5°
topographic quadrangles {Tabls 4). Aill gprings on the Jollyville quadrangla, plus
springs not shown on the map, have been numbered according to Russall {1985).
springs of the Leander quadrangte were arbitrarily numbsred 1-5.

Although mest of the spring elevations were estimated from topographic
maps and not field chacked like most caves, four distingt boundaries 1o
groundwater flow are svident. The lowermost level of low permeability is 20 ft
below the Edwards and probably raflects the lowar nodular unit in the Cedar
Park Member. The most significant low pormeability boundary is indicated by 20
springs perched on or cut slightiy into the Walnut Formation. The thlrd level
correlates to the 13 ft thick recrystallized limestone on which McDenald Cave s

14
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Table 4

SPRINGS OF THE JOLLYVILLE AREA
ANALYZED IN FIGURE 8

Spring name . Number th Figure 8
Jollyville Quad Spring JB3C 1
Jollyvllle Quad Sporing J3TA 2
Jollyvllle Quad Soring J12A 3
Jallyville Quad Soring J224 4
Jollyvllle Quad Spring J228 L
Joliyville Quad Spring J22C &
Leandar Quad Spring 2 T
Leander Quad Spring & B
Leander Guad Spring 4 9
Leander Quad Spring 2 10
Jollyvllle Quad Spring JS4A 1B
Jollyvllle Quad Spring J13D 12
Leander Quad Spring 1 ' i3
Jottywille Quad Spring J70A 14
Joliyville Quad Spring JE2DA i5
JoRyvitle Quad Spring JatA 16
Joliyvitle Quad Spring Jata 17
Jollyville Quad Spring JE2A 1:1
Jollyville Quad Spring J62B 13
Jollyvilie Quad Soring JA1A 20
Jollyville Quad Spring J32B 21
Jellyville Quad Spring J32C 22
Jollyville Quad Spring JI2E 23
Jollyville Quad Spring J33A 24
Jollyville Quad Spring J33B 25
Jollyville Quad Spring Ja3a 26
Jollyvllle Quad Spring J438 27
Jollyville Quad Spring J43C 28
Jollyville Quad Spring J44B 29
Jeilyvllle Quad Spring J44C 30
Jollyville Quad Spring J44D it |
Jollyville Quad Spring J45A 32
Kretschmarr Salamander Cave a3
Jollyvllle Quad Spring JG1A 24
Jollyville Quad Spring J72A e L0}
Telug Spring Cave 36
Jollyvwllle Quad Spring J14b 37

X LA R R LKL I II D 303 32 20 00 20 03 00 0 3 000000 3203300
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perched, and the fourth level Is along the cherty dolomitic horizon.

South Austin Area

Like the Cedar Park araas, stratigraphic correlations based solely on
avallable cave and geoclegic maps are difficult to make in South Austin, Not only
are there several facies changes, but significant faulting in South Austin offsets
the strata and 12 much more extensive than shown on the geologic maps. Those
maps ara based malnly on air photos on which faults are clearly seen where
ditffering units are juxtaposed, but faults are often hard tc see if the same
formation occurs on both sides. Field research In South Austin and Smith's
{1978) and Kolb’s (1981) mapping Indicats that the intense faulting, as mapped In
the Rollingwood and Sunset valley areas (Garner and Young, 1976), extends
throughout the South Austin Edwards Limestone cutcrop.

Russell (1975) was the first to correlate siratigraphic zones to cave
develcpment In the Austin area by observing that several caves, including
Alrman’s Cave which is by far the most extenslve cave In Travis County, were
developed about 20 ft below the top of the Edwards Limestone. Rodda {(1970)
describes that zone as a 8-10 ft thick layer of dolomite, dolomitic limestons, and
a thin solution collapse zone. Airman’s Cave ls formed In the sclutlon collapse
zone and is confined betwesan the dolomitic bads.

In 1227 Russell continued his study of Austin arsa cave stiratigraphy based
on in-cave mapping of Edwards Limestone units. He determined that many of the
major South Austin caves occur in what he describes as the "Central Sclution
Zone." Bome of these caves include Cave X, District Park Cave, Flint Ridge Cave,
Get bDown Cave, Grassy Cove Cave, Midnight Cave, and Whirlpool Cave, Tha
Central Solution Zone s equivalent to Rodda's (1970 Member 2 of the Edwards
Limestone, although Rodda indicates that the underlying 20 ft thick upper unit
of Member 1 fo be the most cavernous zone, Kelth Young (personal
communication, 1987) expressed some reservatlons abosut Russell’s stratigraphic
interpretations, but until the area is studled in more detait Russell’'s geclogic map
of South Austin (Figure 9), Smith's (1978) map of northeastern Hays County, and
Kolb's {1981} map of the Signal Hil quadrangle are the standards used in this
investization. :

Post Oak Rldge Area

Spaleologic work on Post Cak Ridge began recently and several caves have
bean located. The ridge is capped by a ¥110-130 ft thick section of the Walnut
Formation, Including the wWhitestone Lentil (Barnas, 1974, shows the southern part
of the rldge as the Wainut-egquivalent Edwards Limeastons). Preliminary
observations show that the caves develocp shaft entrances at the top of the upper
member of the Whitestone and often exiend Into the lowar membar, Mest of the
caves are shatts, solutionally enlarged along fractures, which end in sediment fill.

The morphology of the Fost Oak Ridge caves indicates that the lower
member of the Whitestone Is probably more soluble than the upper mambar.
Jack's Jaint and Simons Water Cave are the only caves with significant horizontal
axtant and koth are at the bottom of the Whitastone: however, most of their
extenslve devalopment In tha lower member is due to being perched on the
underlying Cedar Park Membar.
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Figure 9 (from Russell, 1987
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Although the Walnut Formation extends continuously for more than 100 miles
to the north, the ¢avernous Whitestone Lentil pinches ocut within Post Cak Ridge
Just south of the South Fork of the San Gabriel Rivar. Moore (1954) indigcates
the Whitestone is also present north of the North Fork of the San Gabrial River,
roughly along Highway 183 from Briggs in Burnet County southeast to Andice In
Williamson County. Barnes (1974) conly shows the Keys Valley and Cedar Park
mambars In that logation but doas not include the Whitestone. This area should
be considered potentially cavernous and reguires fleid exemination, but the jack
of known caves or karst foatures suggests that Barnes’ map may be the more
accurate in determining potantial areas of cavarnlcole habitet.

r

The dominant structural featura of the Austin area |s the Batcones Fault
Zone (Flgure 10), The fault zone is formed along the homoclinal hinge betwsen
the relativaly flat-lying strata of the Edwardse Plate2u to the west and the more
steeply dipplng strata in the Gulf of Mexleo Basin to the scutheast. The fault
zons is characterized by & series of en ache/on normal faukts, mostly downthrown
toward the Gulf. Individual fault displacements Irn the Austin region are as much
as 600 T1, but most major fault displacements are cnly about 50 ff. Many faults
with less than 10 ft of throw do not appear on gecloglc maps due to difficulty
in mapping them {Rodda, 1970)}.

Faulting in the Austin ares displaces and Juxtaposes the units previcusly
described in the stratigraphy section. The faults can also serve as sltes of
preferential groundwater fiow., Kastning (1977) discusses how faults can have
posltive, negative or nautral effatts on groundwater flow and cave developmant,
and itlustrates all three processes within just one cave (Natural Bridge Caverns)
Igcated within the Balcones Faulit Zone 60 miles scuthwest of the study area
{Kastning, 1583). However, ¥Yeni (19856; 1988b) finds that even in the most
intensely fractured portion of the fault zone, in the Baxar County area, fewer
than 0.5% of the caves are formed along faults, Bexar County caves sare
predominantly develaped along joints, which are mora numerous and generally
rmotre permeabls than faults. Although fauls are described -'n most regional
geotogic reports as the primary sites of groundwater recharge and cave
development, those assessments are not based on extenslve field Investigation and
the fractures found associated with caves mrre often mislabaled faults based on
ill-Informaed expectations and Inadequate examinaticn,

A second aspect of geologlc structure that affects cave development is the
attitude of the beds. Palmer {(i1977) shows that groundwater flow and cave
development occur down-dip In the vadose zone and along strike In the phraatic
zong, Although most beds in the Austin regicn ara nearly horizental, their slight
dips will infiuence cave formation.

The following discussion on the effect of structure on regiona! cave
development compares fracture orientation and attitude of bedding with local cave
orlantation to detarmine:

1) the fracture sats mest prona to cave development:
2) the tendency for passages t¢ develop along seither
gtrike or dip In the glven areas.

14
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Figure 10: Major faults of the Balcones Fault Zone
in the Austin region (from Baker, st al, 1986)
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Fracture orientations in caves are based on avaitable cave surveys. Most
such surveys are lacking in geologic detail and do not identify or measure
fractures, However, in some cases cave morphology <clearly indicates the
presence of & fracture and may occassionally be used to estimaie the fracture’s
bearing. The following analysis of fractures includes fractures measured in
caves, known fraciures in caves whose orientations were extrapolafed from the
cave maps, and some fractures implied by passage orientation and cave
merphology {used only where morphology gives high confidenca in the actual
existence and probable bearing of such fractures). Although several fractures
with the same trend may iniersect a cave, a total count of fracture-guided
passages was not made for this report. In the following tables each fracture
occurrence rafars to the primary trend of a fracture or fragture set aicng which
an entire cave or ifs major passages have formed. Any =secondary trend is aiso
counted as a single fracture occurrence. To dispiay the relative significange of
the fracture bearings, the numbers in Tables 5-¢ and Figures 11-15 have been

converted to show ihe percent of the total fractures that occur within 20°
tncremants,

Except for two caves in the South Austin area, no faults are reported
within taves of the Austin region: based on my field investigations I have
assumed that practically all of the cave fractures are joints. The majority of
cave maps examined for fractures are drawn to magnetic north; a uniform
correction of 7° has been appiied to these maps to approximate true north.

Gaorgetown-Round Rock Area

Senger, Collins and Kreitler (1920) review the structural data of the
Georgetown-Found Rock area and describe the major Baicones faulis as being
oriented between 0-40° and the minor fauits mainly between 340-40° and to a
lesser extent between F0-120° HNot surprisingly, joints of the area were noted
to parallsl the faults and trend mostly between 80-120° and alsc from 340-20°
Sixty percent of the faults examined were found to be filled with calcite and were

. generally impermeable to groundwater flow, and were thus unlikely sites for cave
deavealopmeant, U

Table 5 lists the 14 caves studied in the Georgetown-Round Rock srea with
their primary and secondary fracture orientations. Figure 11 illustrates the
preferential development of caves in the area along the above-described 340-40°
and T0-120° joint sets. Like the joint sets, the primary fracture crientaticns are
between B80-140° roughly perpendicular to the Baicones Fauli Zone, and
accounting for more than 50% of the corientations recorded. The less dominant

fracture set is paratiel to the fauit zone between 0-339%, and accounts for abowut
32% of the fragciures,

The eastarnmost caves seem to favor development along fractures parallal
to the major faults, This phenomenon can be explained by the combination of the
following two factors:

1) fractures parsllet to the Balcones Fault Zone tend to
increase in permeability with increased proximity to
the fault zone;

2) regionai groundwater is known to flow dowh-dip (west
to east) toward the fault zone, then flow along strike
(north-south) adjacent to the major fauits (it is not
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known if higher fracture permeability promoted strike-

ward groundwater flow, or if the groundwater increased

fracture permeabllity ateng the fault; it is likely

the twe factors interacted reciprocally).
This setting promotes differential enlargement of frectures and caves within the
regional agulfer, with the highest solutional activity focused along the permsable
fractures and groundwater confluences of the Balcones Fault Zone.

Regionally, the beds dip roughly 1° to the east and strike north-south, but
some local variatlons cccur near and betwean fault blocks (Atchison, 1884; Seanger,
Collins and Kreitler, 1920}, None of tha caves Investigated are within the present
phreatic zone, however, their morphology and arientation to bedding indicate that
many ware formed under phreatic condltions. Inmer Space Cavern is the bast
example of a phreetically developsed cave In the Georgetown area. Other examples
include Chinaberry Cave, Steam Cave, and Coffin Cave. Beck Ranch Cave is an
excellant example of a down-dip fracture-guided passage joining a strike-oriented
phreatically formed conduit. Caves farther up-dip from the fault zona are
generatly smaller snd display more vadose features, indlcating that area caves
are poorly integrated and feed down-dip Into the well-integrated major conduits
along the fault zane.
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Table 5

CAVE FRACTURE DRIENTATIONS OF THE GEORGETOWN-RQUND ROCK AREA
ANALYZED TN FIGURE 11

Fraecture bearings in degrees:

Cayve name Erimary Secandary
Back Ranch Cave 108

Bona Cave 54

Brown’s Cave 154

Chinaberry Cave-—-—-- 4 112
Clark Cave p

Cobb Caverns £0

Coffin Cave 2 38
Great Mud Cave 138

Inner Space Cavern (Kastning, 1983} 10-20 K100
Jagob's Well 121

Lindsey Cave 108

Off Campus Cave - 179

Steam Cave 29 108
The Bat Wetl 118

L L L Ll L LI D B n ud D D a 0a D D0 I 0 20 300 3 0900032002

Morth Austin Arsa _

Fracture orlentaticne of the North Austin area asre similar but not as
prominent as those of the Georgetown-Round Rock area, Of the fiva cavas listed
Im Table & and iliustrated in Figure 12, nearly 40% of the fractures are oriented
100-119% The significance of other fracturs orlentations Is unknown due to the
low number of available data points.
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Table &

CAVE FRACTURE ORIENTATIONS OF THE NORTH AUSTIN AREA
ANALYZED IN FEGURE 12

Fractures bearings in degrees:

Cave nsme Primary Secondary
Balconas Sink 37 119

Dead Dog Cave #1 178

Paad Dog Cave #2 100 7
Salamander Cave 60 140
Spoon Cave 115
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As In the Georgetown-Round Rock area, the caves closest 1o the fault zone
are orientad along paratiel fractures (e.g., Balcones Sink}, and the more distant
caves are developed along perpendlcular fractures. The effects of strike and dip
are not as clear in the North Austin area but are probably the same as In
Georgetown-Round Rock.

Jollyvllla Plateau and Cedar Park Areac

The Jollyvlite Plateau and Cedar Park areas have bean combined In this
analysits due to their structural similarities. They are situated 6-9 miles west of
the main Balcones faultlng, but numerous smal]l fauits still cross the areas.
Rogers (1969) mapped 38 faults related 1o the Balcones system bearing 20-36° and
& nearly perpendicular secondary set of 43 faults bearing 142-158% Wwith the
exceplion of the Cedar Park Fauli, which has 65 fi of displacemsnt and is the
only fault shown in Barnes’ {(1974) map, all of these faults are very minor, having
an average 10 ft of displacement and often as little ss 3 ., Althcugh many
fauits have been mapped in this ares, It Is refatively undeformed when compared
to areas nearer the Balcones Fault Zone; the highly detalled level of mapping has
revealed faults that normally go undetected or unreported in other areas,

The Jollyville Plateau area has a dominant Joint set bearing 130-140° with
58% of all readings within $135° 220° (Dunaway, 19862). Field obsarvations by Veni
and Associates {(1988a) reveal a secondary jolnt set bearing an average 20° and
air photo lineations bearing around 50° and 135° Ewvans (1265} found that 60%
of the joints around Cedar Park range from 20-70% with a secondary Joint set
closer to the Jollyvllle bearings of 110-160%

Tha fracture orientatlons of 11 Jollyville-Cedar Park ares caves are llsted
in Table 7 and Mustrated in Figure 13; their correlation to the measurad jolnts
and faults is poor. Sixty percent of all cave fractures trend 60-105°, a range
where very few joints or faults have been cbserved. Field obsarvations indicate
these fractures are very minor and weakly gulde cave development, and would
most llkely be missed by standard geciogic mapping projects.

The significant presence of caves along thase weak fractures indicates that
cave development Is occurring more as a response to either favorable
stratigraphic zones and/or hydraulic gradlents than to fracture parmeabllity, of
thaese two possibllities, stratigraphy would be the more llkely Influence. None of
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the listed caves have sufficient horizontal axtent to be significantly affacted by
ragional or local hydraulic gradients; lower parts of many caves are sediment-
filled, disguising any gradiant impacts. Similarty, the effect of strike and dip
cannot be assessed due to the limlted horizontal development, However, these
analyses on fractures and stratal attitude should be repeated after the stream
c¢aves of the Cedar Park area have been surveyed.
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Tabla 7

CAVE FRACTURE CRIENTATIONS OF THE JOLLYVILLE & CEDAR PARK AREAS
ANALYZED IN FIGURE 13

Fracture bearings in degrees:

Cave name Primary Secondary
Ambar Cave a0

Deer Stand Cave 70

Good Friday Cave 70

Kamikazi Crack Cave S0 103
Kretschmarr Cave 15 105
Krotschmarr Double Pit 126

Kretechmarr Salamander Cave 126

Kretschmarr Sink i1t

Link's Cave 87

Marigold Cave 52 140
McDonald Cave &0 144

AL L LMD 0000300 000 0 0 0 30 2005355033353

South Austin Arem

Most faults In the Scuth Austin area trend 30-60° and secondarily at 10°,
Net slip for most of the faults is generally less than 50 f, but faults with less
than 10 ft of displacement are usually not shown on geologic maps. Joints in the
northern section of the South Austin area are oriented nearly the same as those
in the Jollyville Plateau-Cedar Park area at 40° and secondarily at 135°, but
become parallel to faulting in the southern section at 60° with secondary joint

sets oriented between 90-100° and 110-130° (Rodda, Garner and Dawe, 1970; Smith,
1978; kolb, 1881).

Fracture orientations of 14 South Austin caves are listed'in Table & and
compited on Figure 14. Nearly 41% of the caves are formed along fracture trands
of 40-59°, with little preferential development for other orientaticns not parallef
to Balcones faulting, This correlation confirms the impact of the Baleones Fault
Zone on cave development In the South Austin area

The South Austin area is the only one in the Austin region known to have
cavas that either intersect faults or are developed along them. Cave X ends at
the Mount Bonnell Fault, tha largest fault in the region, which juxtaposes the
cavernous Edwards Limestone with the noncavernous upper member of the Glen
Rosa Formation (Russell, 1974). The scuth end of Goat Cave also ends at a fault,
but one with only 10 ft of displacement (Woodruff and Slade, 1984). A passage
near the base ¢f Flint Ridge Cave is developed atong a small fault (Russell, 1888);
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passages near the rear of Alrman’s Cave parallel fauits and the Poetry Passage
is developed along a fault with a measured 3 ft of displacement (Russell, 1975).
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Table 8

CAVE FRACTURE ORIENTATICNS OF THE SOUTH AUSTIN AREA
ANALYZED IN FIGURE 14

Fraciure bearings In degrees:

Cave pame Primary Secondary
Airman’s Cave 44 0
Bandit Cave 52 127
Barker Bat Cave 104

Rarten Skyway Cave 22 50
Bee Creak Cave ' T 42 12
Broken Straw Cave 173

Cave X o |

Cava Y Ee

District Park Cave 128 42
Goat Cave 3

Grassy Cove Cave a5 111
Midnight Cave 178

Sand Burr Cave 158 56
YWhirlposl Cave 152 &5
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Saveral Scuth Austin caves are formed along tensicnal fractures along the
upper bends of monoclines, simple drag folds that may split into faults. Some
of these caves include Alrman’s Cave, District Park Cave, Get Down Cave and Goat
Cave. Attitudes of the strata wvary considerably in the immediate vicinity of
faults, and even though the regicnal dip is a gentle 20 ft per mile {Rodda,
Garner and Dawe,1970), local variaticns pravent a ragional evaluation of attitude
oh cave development., Down-dlp cave development |s implled where vapors wers
detected in caves as far as 1.7 milez down-dip from a Scuth Austin cil spill
{Rugsell, 19287) however, to conduct a reglonal assessment on the impact of
bedding attitude on cave development, more data is needed from individual caves.

Post Oak Ridge Area

Little information has beon pubiished on the structural geology of Post Oak
Ridge, Barnes {15874, 1981) illustrates the area as baing strusturally undeformed,
with no major faults and dips less than 1° to the east. Iranpanah’s {1864)
geclogic evaluation of the Burnet area included the far nerthwest corner of Post
Oak Ridge:; he found that jolnts predominanily trending 20-110°. Evans (1985)
also conducted studizs near Past Oak Ridge, but within central williamson County,
and found similar joint orientations in Its viginlty.

Fracture orientations of 12 Post Oak Ridge caves are listed in Table 9.
These orientatlons were measured during the mapping of the ¢aves and all the
fractures were identified as jolnts. Figure 15 shows that 50% of the fractures
trend $00-118%, with most of the remaining fracturas bearing east or southeast.
These orientations are concordant with the apparent Joint pattern of the area and
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reprasent solution of fractures bearing down-dip. The stream passage in Simons
Water Cave heads northeast along strike, and it is probable that other cave
streams in the ridge would alse be strike-oriented.

4Ll L LG LC I 00000 0 30 03 00000 0 53 0030 0 0 )
Table 9

CAVE FRACTURE ORIENTATICNS OF THE POST QAK RIDGE AREA
ANALYZED IN FIGURE 156

Fracture bearings in degroas:

Cave name Frimary Secondary
Parsimon Sink 1656
Simon Says Sink 1 100
Simon Says Sink 2 115
simons' 1174 Sink ' 120
Simens' Pretty Pit 80
Simons' Rattiesnake Well 100
Simons' Roadside Sink 132
Simons' Shin Cak Sink 140
Simons' Snake Pit 100
Simons’ Squeseze Down PIt 1 _ 100
Simons’ Squeeze Down Pit 2 20
Simons' Squirm Around Cave 105

L LR LKA 2033 0 00033 03333 330 2 000000 30 300

Hydrotegic Controls

Siratigraphy and geclogic structure are the prime factors that determine
local aquifer development, however, in a karst aguifer the morphology and extant
of cave development also varies according to the local hydrologic reglme. Palmer
(1975, 1991) describes how maze caves form as a resuit of back-flooded, ponded,
or slow-moving groundwater. Veni (1928a) examines the differences in conduit

morphology betwaen caves developed in gravity-drained unconfined aguifars and
deep artesian aquifers. -

The incislen of surface streams through the aquifer is also an important
factor in Gave and adguifer evolution. The effect of stream valleys depands on
their depth and number; desply cut vallays preduce drainage outlets for
aqulfers, promote groundwster circubation, and lower water tables. Extensive
stream development howaver, can fragment and drain an aquifer into parcels with
fittle groundwater productivity. As water levels descend, air-filted caves era left
hehind as ralicts of the hydrelogic regimes that created them. The study of
thase relicts is usaful In assessing the palechydrology of an aquifer, cave
interrelationships, and in modeling current aguifer development below the current
water table.

Five basic cave types occur in the Austin region and each refiects tha
current or past hydrologic processes that formed them:
1) Phreatic chambars: formed below the water table as
singular veids with no extensive passages or
connections to other caves,
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2) Phreatic conduits: generally horizontal passeqes that
formed below the water table and received water from
several recharge points for transmission toward
dlscharge points (springs).

3) Yadese caves: usually shafts or high-gradient caves
developed above the water iable that recharged
(transmitted) water to the aqulifer.

4) Transltional caves: originally phreatic chambers or
conduits but modified into vadose recharge sltes,

5) Spring caves: caves from which groundwater spills
to the surface.

The above cave types are actually parts of a hydrologlc continuum, and a singie
cave may display more than one of the listed oualities.

The followlng sections describe the twe karst aquifers in the Austin region.
8oth are developed in the Edwards Limesione but differ considerably in
hydrolagi; character.

Edwards {Platesau Qutlier) Aquifer

The Edwards (Plateau) Aquifer extends over most of the Edwards Plateau
region and is areally one of the largest aquifers in Texas. S5tream dissectlon
along the platsau margin has left several Edwards-capped erostonal outtiers with
simiter aquifer hydraulics {eg. Post Oak Rldge on Figure 1). Some of these
outiiers 8re stratigraphically continuous with the Edwards Limestohe that
recharges the Edwards (Balcones Fault Zone) Aquifer. Maps of the fault zone
aquifer recharge zone are drawn based on the continuous exposure of the
Edwards Limastone because potentiometric mapping is Inadequats. Outller areas
like the Joltyville Plateau (Figure 1), where groundwater flow discharges in

nearby valleys, are thus improperly included within the recharge zone of the
fault zone aquifer.

The Edwards (Plateau Gutlier) Aquifer is a term adopted here to refer to
the continuous and. discontinuous sectlons of the Edwards Limestone functioning
as unconfined aquifers that are aravity-drained to nearby valleys, Isclated hilis
capped by Edwards Limestone are the readily identifiable discontinucus sections
of this outlier aguifer. Other porticns of the aguifer include stream-dissected
. peninsular outcrops of the Edwards Limestone within or extending from the
Balcones Fault Zene; In the Austin region the Jollyvllle Plateau is the best known
example.

Though aresas such as the Jollyville Plateau have isteral continuity with the
Edwards Limestone of the fauit zone agulfer, their local hydraulic gradients are
s0 steap that practically ail recharge discharges at springs and seeps arcund the
plateau margin. Thirty-iwe springs have been identifled around the Jollyville
Plateau (Table 4); although a water budget has not been calculated, their total
discharge probably equals nearly all of the Plateau recharge, TYypical of the
plateau outlier aquifer, the Jollyvllle springs hava either saasonal or very low
discharge dua to their small recharge area, and the phreatlc zone lg saidom thick
enough to be mapped or to provide water to wells,

Caves of the plateau cutlier aquifer are typlcally small and can ba
classifled as either phreatic chambers, vadose shafts, or springs. Galllfer Cave
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(Figure 16} Is an example of a phreatic chamber, whose ceiling collapsed as water
table decline removed buoyant support. The size and alavation of Gallifer and
other simllar caves demonsirates a former short-tived, slow-flow phreatic zons in
the Edwards Limestone that was at least 90 Tt thick, and the lack of vadose
features indicates & rapld drop in the water table. The vadose shafts and
springs are more recent karst features, formed after the drop in water table.
Their small size results from a lack of preferential recharge and discharge sites;
many permaable cpenings compete for the little water avaiiable.

The presence of significant cave streams under Buttercup Cresk in Ilex
Cave and neighboring Cedar Elm Sink is anomalous for the Edwards {Plateau
Outlier} Aguifer. This concentration of surface and groundwater flow is probably
due to local complex facies relations of the Edwards Limestone, Comanche Peak
rormation, and the Whitesione, Keys valley and Cedar Park Members of the walhut
Formation. Rischarge from these caves is probably farther down Buttercup Creek
In or along the Walnut Formation outtrop.

Edwards (Balcones Fault Zone) Aquifer

The Edwards {Balcones Fault Zone} Aquifer is the hydrologic system within
the Edwards Limsstone In the Balcones Fault system. The aquifer is divided into
four segments (Figure 17): San Antonio, Barton Springs, Nerthern Balcones, and
Washita Prairie {Yelderman, 1987), The segmenis &re separated respectively by
a drainage divide, incised valley, and gap of Edwards Limestone cufcrop wlthin
the fault zone.

Baker, et. &l (1885) review the hydrogeology of the Austin ragion, which
includes the Barton Springs and Northern Balcones segments of the Edwards
(Balcones Fault Zone) Aquifer. The segments are divided by the deeply incised
valley of the Colorade River which flows through Austin. The segments also
approximate respectively the boundaries of the South Austin area and the
combined Georgetowr~Round Rock and Morth Austin areas.

The Horthern. Balcones and Barton Springs segments of the fault zone
agulfer can each be dlvided into four zones: drainage or contrlbuting zone,
rechargse zone, arteslan or confined zone, and saline zone. The drainage zone is
the upgradient non-Edwards area whose streamflow reaches or crosses the
recharge rona, the exposure of Edwards Limestene within the fault zone whare
watar enters the fault zone equifer. The artesian zone is that area where the
Edwards Limestone is down-faulted into the subsurface and its groundwater is
“confined” between upper and lower less pesrmeable forinations. The aguifer’s
largest springs ococur where groundwater rises up fractures to discharge In
stream valleys that intersect the potentiomeiric surface. The "bad water line”
is the arbitrary downgradient boundary of the artesian zone with the saline zone,
where total dissolved solids In the groundwater excesd 1,000 mg/i. Groundwater

flow in both aquifer segments Is generaily down=dip {eastward), then afong strike
northward.

The recharge and artesian zones of the Northern Balcones Segment of the
Edwards Aquifer respectively average 7-8 miles and 5-7 miles wide, about twice
the width of those zones in the Barton Springs Segment. Balcones faulting
Intensifles southward, and the aquifar narrows proportionately as faults increasa
in number and in average displacement; consequently, the hydraulic gradient
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Figure 16 {from veni and Associates, 1988a)
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Figure %7
{from Yelderman, et al, 19a7)
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across the Barton Springs Segment becomes much steeper then in its northern

counterpart,

Depth to water also increases to the south as the Edwards

Limestone thickens; the Northern Balcones Segment averages 60-80 ft to water,
negrly half the depth of the Barton Springs Segment (Baker, et. &l, 1986, Figure

20} These contrasfing hydrogectogic factors affect cave development in the
Austin fault zone aquifer segments as follows:

1} Barton Springs Segment caves are gensraliy deeper and

shafis are more common due to the stesper hydraulic
gradlent and thicker llmestone section:

2} the stesp hydraulic gradlent of the Barton Springs

Segment results In depositlon of coarser sedlments in
caves than in caves of the Northern Balconss Segment;

3) caves of both aquifer segments extend through

essentially alf the Edwards Limestons sections,
breaching impermeable strata via permeable vertical
fractures,

4) fractures, especlally faults, are more likely to

guide the development of caves and passages in the
more Intensely fractured Barton Springs Segment than
in the Northern Balcones Segmenti;

5) shafts deeper than 40 ft are uncommon due to the

6)

thinning of the Edwards Limestone in the Northern
Balcones Segment and due to preferential down-dip
ftow along highly scluble and permeable strata (such
as the Central Solution Zone) in the Barton Springs
Segment;

horizontally extenslve recharge caves in the Barton
Spring Segment may have initially been phreatic

but have developed infe predominantly vadose conduits;

7) few basa) Edwards Limestone caves or passages are

known in the Bartocn Springs Segment recharge zene
bacause:
a) few caves extend to that level,
b) passages are occluded by sediments where high
hydrauvlic gradients suddenly decrease, and
c) time has been |nsufficient to form many
significant conduits as base level has dropped
rapidly in geologic and racent time;

2} the presence of large horizontal phreatlc conduits in

the Northern Balcones Segment indicates 8 long-term
stable basa level, and/or a zone of groundwater mixing
where the solution capaclty of groundwatar is
increased {Clement, 198%); and

9) episcdic partial reflooding of the Northern Segment

conduits indicates a geolegically recent and/or slow
drop in kase level to elevations only a short distance
below many of the caves.
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Cave Evolution and Fauna! Spaciation :

The origln and evoiution of cave-dwelling animals is dependent on the
accurrence and evolution of caves, and on conditions that would cause surface-
dwelling creaturas to rotreat underground, Speclation occurs as cave habitat
bacomes. avallable or attractive, and as Incipient cave dwellers begin to diverge
genetically from their spigean ancestors. As species becomg increasingly cave-
adapted, their ability to survive on the surface decraases until thay avolve into
cbligatory cave dwellers, or troglobites. Speciation continues as caves and karst
areas become fragmentad by geclogle procasses and cavernlcole populations
become l|solated, unable to cross the intervening non-cavernous areas, Several
such isolated (endemic} species have besn federally listed s andangered. A
clear understanding of the origin and distributlon of these specles requlres an
anatysls of their cavernous habitat and its geolcgic evolution.

- Geplogle Ew L agion Karst

Tha geclogic history of the Austin region karst begins with the deposition
of the Edwards and assoclated formations during the Cretaceous Pericd (ses
Appendix C for gesiogic time scale). The first episode of karstification and cave
development occurred during the late Early Cretaceous when the San Marcos
Flatforrn was uplifted and subgserlaliy exposed, resulting in the erosion of as
much as 100 ft of the upper Edwards Limesione in the southern part of the
region. By the Late Cretaceous, howevar, sea levels rose toc bury the Edwards

under a thick sequence of carbonate and flne-grained clastlc sedlments (Rose,
1872).

Durtng the very Late Cretaceous or Early Tertlary, the Edwards Plateau
was lifted above sea level, and cavities within the Edwards Limestone were slowly
drained of sea watar and filled with meteoric water. The Edwards Limestone was
completely covared at that time, and thaere was little groundwater movement dua
to the lack of discharge points, except for some upward sespage along fractures.
Conzequentty, Edwards groundwater reached chemical saturation, and little
dissolution was possible ¢ increase porosity and permeabllity.

Ely (1957) determined that in the Early Miccens, prior to Balcones faulting,
some streams had incised to near the top of the Edwerds Limestone., Abbott
(1975, 1584) found that by the Middle Miocene the Edwards would have been
exposed enough to provide discharge sltes for its groundwater and that inltial
karstic conduits had developed along frastures to these sites, Increased stream
downcutting subsequent to Balcones fTaulting increased the hydrauviic gradient,
which increased flow along the conduits t¢ the springs and further increased
conduit size and permeability, As erosion exposed more of the Edwards
iimestons, more water was recharged Into the aquifer through tha sarly but well-
established conduit system.

Surface stream systems along the Edwards Plateau marglne wers also
affected by the Balcones faulting. Eastward flowing mesandering rivers were
incised Into the plateau, and headward erosion of new streams orlented
perpendicular to the fault zone pirated soma of the rivers from their originaj
courses, Stroeams that once served as discharge points for the aquifer were
altored to racharge areas after thelr flow had been captured and thay could not

erode their beds as deeply as nsighboring streams tfn reach the water table .. .
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{Woodruff, 1977 and 1984; Woodrutf and Abbott, 1979}

Jollyville Plateau Area Karst

The absolute ages of the Austin region cavas cannot be accurately
determined within the scope of this investigation, but many will probably
correlate with levels of Incision of the Colorado River and its tributaries. The
phreatlc caves of the Jollyville Plateau and the current western margin of the
Edwards Limestone ars certainty the cldest caves in the Austin region, one
possible scenario is that they date to the Early Miocene. The caves are relicts
of a low-velocity groundwater system that lacked the volume, chemical
aggressiveness, and/or time to develop malor condults. This type of aquiter
system existed in the Jollyville area during the time the Colorado River began
cutting into the Edwards Limestone about 20 Ma (mlllicn years ago).

A second possihle scenaric is that the Jollyville caves are as young as
Early Pliocene. As the Colorado River began to fully breach the Edwards, flow
through the limestone Increased due to the stespened hydraulic gradlent and
greater recharge as the Edwards exposure increased. During such a perlod, a
phreatic conduit system could have developed that was batter integrated than the
low-velocity system implieé by the observed phreatic chambers. Consequently,
these caves would not be isolated chambers but parts of a more extensive and
interconnected cave system now biocked off by collapse. Galifer, Tooth, and Root
taves are the major known phreatic caves on the Jollyville Plateau, but several
neargy collapse sinkholes also known within the sams stratigraphic horizon

indicate that it is more cavernous than is readily apparent (Veni and Associates,
1888a).

The ags of this second Jolyville cave origin scenaric can be sstimated by
the average rate of Incision for the Colorado River. Extrapolating from Figure
13 of Baker, et. a! {1986), the top of the Edwards Limestone con the Jollyville
Plateau would have had an elevation of 1,250 ft. During the onsst of Balcones
faulting 20 Ma, the Colcrado River would have been sltuated nasar the wp of the
Edwards; an average.incision rate of 385 ft/My (militon years} would allow the
Colorado to reach ite current 480 ft elevation. Based on that rate, for the
Joliyville caves to have formed according to the second scanario the Colorado
River would have cut to near the base of the Edwards by about 12.5 Ma

The time periods for both scenarios are far older than most conflrmad
dates for Texas caves, but & 90 ft thick phreatic zone in the Jollyville Plateau
was needed 1o create its caves; such a zone could not exist once the Edwards
Limestone had been fully cut by the adjacent Colorado River. Wetter climates
and the stight dip away from the river could have extended tha prasence of a
thick phreatic zone but not for any signlficant period.

Groundwater drained out of the Jollyville Plateau {and Iis caves) as the
Colorado Rlver incision resuited In steeply dlssected plateau margins, Many of
the phreatic caves collapsed without the buoyant support of water; if any vadosa
features developed during the water withdrawal they ware hidden by tha
breakdown. However, vadose caves began to develop as favorabje solution zones
were eroded and sxposed to the recharge. One such area contains the Amber
Cave group of 4 caves and 9 sinkholes {Veni and Associates, 1988a). Abundant
parmeable fractures compete aqually for available recharge eo thera is little
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preferential development among these caves. Although they intsrsect and have
some horlzontal development in the permeable zone that contains the older
phreatic caves, these caves are shafis that lacked & local watear table and
developed laterally only atop impermeable zones. Most of these smali caves are
likely very recent features, probably dating to about the end of the Plelstocene.

Northern Balcones Segment Karst

The Cedar Park, North Austin, and Georgetown-Round Rock areas have a
similar and inferralated history of karst aquifer development and are considsred
together here as parts of the Northern Balcones Sagment of the Edwards
{Balcones Fauit Zone) Aquifer.

The first caves to develop in the Northern Balcenes Segment were formed
during low velocity phreatic conditions, similar to what exlsted in the Joilyvllle
Piateau pricr to the development of spring outlets that alfowed vigorous
groundwater circulation. San Gabrig! Spring was probably the first maior spring
to discharge from the agulfer, followed In turn by Berry Spring and Salado
Spring to the north, As spring cutlets developed, groundwater cirgculation
increased and the slevation of the water table decreased, draining phreatic
chambers such as McNeil Bat Cava.

The timing of the development of the first Northern Balcones Sagment
springs has not been determined, but the San Gabriel Spring is certainly ths
oldest. The North and South Forks ¢f the San Gabrie! River are the largest and
most deeply incised streams crossing the Nerthern Balconss Segment of the
Edwarde Limestone. The downcutting of the rivaers through the Edwards
Limestone and groundwatsr capture by San Gabrlel Spring prevented much
groundwater from migrating into the Edwards Limastone north of the river.
Atthough the jitholegy becomes iess favorable for cave development to the north,
this groundwater capture probably accounts for the significant decrease in the
gsize and number of caves in northarn Williamson County.

Most of the Northern Segment caves (hoth north and south of the San
Gabriel River) are vadose-modified phreatlc conduits that run down-dip toward
the Balcones Fault Zone. The caves formed iniiially under phreatic conditions
concurrent with the development of the springs. Groundwater that approached
the fault zone turned to flow along strike toward the springs and enlarged
fractures parallel te the fault zone. Groundwater in some caves and springs
Iocated near the deeply cut margin of the Edwards Limestone aslong the Colorade
River, flowed up-dip to discharge inic the Ceclorade due to the steep hydraulic

gradient. These caves are generally very smali because of their small drainage
basins.

Continued downcutting by the San Gabriel and related rivers has steadily
lowered the water table in the Northern Balcomes Ssgmant, leaving many caves
in the vadose 2one. The masier conduits along the Balconhes Fault Zone becams
vadose stream caves, but some caves up-gradient |In the cutcrop were abandoned
in favor of naw routes to the water table. Abbott {1984) places the earliest
cpening of the caves to the surface during the Sangamon interglaclal {(120-140
ka [thousand years agol]) hased on evidence from fosslls, although most
vertebrate fossils found In area caves date from about 30 ka to the prasent
(Lundelius, 1986). Harmon's {q.d.} radlolesctopa dating of epelecthems In Inner
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Space Cavern indicate that vadose conditions existed in the cave at feast as early
as bY ka +13 ka or b2 ka +6 ka.

Currentiy, the water table for the aquifer is severa! feet below many of the
mastar condult caves like Beck Ranch Cave and Inner Space Cavarn, but after
perlcds of high recharge the water tabie may rise and partially reficod them.
However, gverall flow through these conduits is lost, and many have been fllled
by resuttant sediment aggradation. While the main groundwater flow has been
generally diveried to conduits forming deeper In the limestone In response to
stream ingision, climatic changes have resulted In & recent period of gurface~
stream aggradation. Hati (1990) describes nearly 7 m of aggradation in the North
Fork of the San Gabrle! River, which bagan about 5 ke and ended abiruptly at
1 ka. Ths San Gabriel has since returned fo its previous level, but it Is not
certaln if the subsequently raised water table had any significant impact on cave
development in the area,

South Austin Area Karst
Karst aquifer evolution in the Scuth Austin area is similar jn many respects
to the Northern Balcones Segment:
1) phreatic chambers formed by slow-moving groundwater,
later drainad by spring development along the
downcutting Colorado River:
2) down-dip flow from the recharge 2one; and
3) strike fiow along fractures near the eastern margin of
the outcrop to the spring outlets,
The main differences from the northern aquifer are less developmant time and
more Intensive fauiting.

Using the 38,5 f£/My incisicn rate for the Colorade River, incision of the
Edwards Limestone east of the Mount Bonnell Fault began roughly & Ma. The
overall exposure of the Edwards cutcrop is prebably much more recent south of
the Colorado Rlver. The outcrop of the northern aquifer is continucus with the
Edwards Plateau cutliers and sc at least its up-dip sectlons have been exposed
for some time. The initlally slow input of recharge, aven without well established
discharge points, may have been instrumental in creating 1ts large conduits over
a greater time period.

The Barton Springs Segment of the aquifer has little avidence of significan?
phreatic conduits except at Its lower elevations such =2s at Alrman's Cave,
Airman’s was probably part of an early spring system which later developed into
Barton Springs. This precursor Barton Springs discharged into the Colorado
River near the location of the modern springs, but incision of the river and
lowaring of the land surface caused the springs to migrate to a lower elevation
while continuing to discharge along the same fracture set. Maanwhile, Barton
Creek was belng pireted from the southwest toward the springs (Woodruff, 1984)
with Airman’s Cave signiflcantly contributing %o the sapping that encouraged ths
northeastward deflection of the creek., Airman’s was eventually truncated by the
creaek and shortened headward to its present exteni. Russell (1975, 18384) notes
case-hardened breakdown blocks in the cave that formed during the period of
intarmittant discharge when flow through the cava wags being abandoned as the
watar table descended mors than 100 ft 1 its present level at Barton Springs.

-
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Most caves in the South Austin area were developed in the vadose zone,
some being modified ohreatic chambers and conduits. These caves have small
conduits, easily blocked by clasts sediments, with Hmited and often difficult
access for humsan study, but they are nonetheless effective for groundwatsr
recharge. Human access [nto the desper portions of the aguifer is also hampered
by hydrostratigraphic barriers resulfting from changes in litholegy and faulting.
The character of conduit development aleng the water table is poorly known
throughout all segments of the Edwards {(Balcones Fault Zohe) Aquifer dus to
similar limlted accessibility, but a study of well records in the San Antcnio
Segment Indicates that conduits averaging 5-6 f¢ in height ocour at depths of
abcut 60 ft below the water table. These caves are belisved t¢ have formed by
the mixing corrosion of adding recharge water to resident groundwater (Albert
Ogden, persgnal communication, 1986), a process which couid also account for the
farge conduits of the Neorthern Balcones Segment.

Post Oak Ridge Area Karst

The caves on Post Oak Ridge are very recent features, having fnrmad s008
after the erosionat removal of the overlylng Keye valley Member of the Walnut
Formatich. Their development is certainly Pleistocene in age and probably dates
from the late Pleistocene. The caves are vadose shafts and streams, and there
is no evidence of older, pre-existing, phreatic caves in the area. Based on the
knowledge that the ridge is a narrow plateau outlier with no significant water
table and that its caves are mostly sclutionally enlarged vertical fractures, its
gaclogic history is probably similar to the recent history of the Jellyvilie Plateau,

Interstitia! Zones

Most of this report has focused on the caves of the Austin region, only
implying the existence, extent, and importance of the interstitlal zone. Henry
{1978} defined the interstitial zone as voids within sediment banks of streams,
voids in the underflow of streams, and volds in the vadose zone, In this report
the intaerstitial zone is more broadly dafined as the small, humaniy impassabla,
sxluticnally enlarged woids that provide potential habltat for cave-dwelling
species in the areass.between caves, The zone generally extends from caves in
the form of micro-conduits that fesd in some of the wator which forms the caves.
Types of interstitial areas include scluticnally widened bedding pianes and
fractures, anastomased bedding planes and fractures, honeycomb solution zones,
non-cemanted collapse or fault brecciated areas, and porous cave sediments. The

interstitial zone also includes caves that have bsen near-completfaly filled with
sadiment.

Much of the interstitial zone is characierized by the diffuse flow component
of karst aquifers (White, 1968). Its most intensive development occurs adjacent
to horizentally extensive caves and where savaerncus limestone crops out at tha
surfece. The interstitial zone is {aterally extensive near caves batcause caves are
sites of flow-path convergence and because groundwater is injected when caves
fiood, The exposure of caverncus limestone at the surface allows for wvertical
interstitiai development vla soluticnally enlarged fracturas, which can
interconnect with horizontal interstitial zones and horizental caves. In the
phreatic zone, the interstitial zone is the extensive and permeable system that
supplles most groundwater to wells.

Based on study and observation throughout tha Austin region, the
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interstitial zone is vertically and laterally extensive throughout all the karst
areas, If permeable sections of the limestone are continuous betwzen given
greas, even If no caves are known, it is possible that the conduits of the areas
are interconnected by interstitial micro-conduits. In some cases the interstitial
zone may not hydrologically connect certain caves, but it could provide an
avenue of movemant betwesn thoss caves for some cave-dwelllng spescies.

The hydrologic bounds of the interstitial zone around a cave can be
approximated to determine the range of wate