<

USGS

science for a changing world

U.S. Department of the Interior
U.S. Geological Survey

Prepared in cooperation with the
Edwards Aquifer Authority

Scientific Investigations Map 3510

Version 1.1, July 2025

Supersedes USGS Scientific Investigations Map 3366
Pamphlet accompanies map

EXPLANATION BLANCO . . 9°15' /
/
Edwards aquifer } cou
_ _ . . [
Geologic framework Hydrostratigraphy - Trinity aquifer 30°22'30"
281
———  Study area boundary
= Trinit |“ /
§ S = -§_ aquifz}/r Bal fault zone (Maclay, 1995, fig. 2) 2. e /
slc|lald 52 S5 s g Thickness® Approximate location of patch reef a0
= £ S = S - i i o
218|838/ 8| E= Lithology £3 g BEE (outcrop in the a L] FTEEI Field identification in the lower member of the Glen 290
€|&|s| 5 s s E = 37 study area, UML) type Rose Limestone (Herff Falls 97°52'30"
i = © b=} =} i N . ) 98°37'30"
£ =§ z 5= in feet) hydrostratigraphic unit) - . - al .
2 - R ¥ o) 7, J
- TEXAS o Water well—Site from which
core MW9-CC was drilled ‘X < X ’ ' Buda
| ) &
o o Location of measured geologic . 4 B erley Kyle,
5|8~ Marl, calcareous clay, blue in the Yellow clay, blue clay é“ ) . section (site 1) 30
>|s8 ¥ subsurface weathers greenish yellow; Kpg ** 230-540 Confining None in freshly dug exposure; Stuart City reef San
= |g° fossils, large Exogyra ponderosa large Exogyra ponderosa trend 99°22'30" Marcos
o ——— JT‘L o \ 10
o —
‘ el -, € gge | Yoy
Massive, chalky, locally marly mudstone, ! K 173 46 5 /
= nodular bioturbated wackestone; Confining, locally IP, MO, White, chalky limestone; P . y 7 35 /
§ ¥ ¥ Gryphaea aucella, Inoceramus sp.; Ka ** 130-160 water bearing in FR, BP, Gryphaea aucella, 1 7 ? ; gx . Ne:
< volcanic and terrigenous cavernous zones CH, CV Inoceramus sp. ’ 3?;1:&« %a&‘! ’ raunfels /
clastics, calcite [ % N : y 1% - o /
mal Springs
29°37'30: , L Zu /
= B:_own,flagg_y, sandt\j/ Thalj and argillaceous . oo sand i BALCONES FAULT ZONE 7 % 1608 35 /
= % imestone; iron nodules; /noceramus sp., = x . rownish-red sand, thin % "z
%’, * shark teeth, fossil fragments; petroliferous Gl % B Confining liplfis flagstones; petroliferous Medina £ < A San /
© odor (7] . Lake i
- E Edwards aquifer Government / \
8 _E ) * Canyon State ) 5 / \
S > |.; N\Q) Natural Area Saint
S 5 £ [ edwi / \
= b Buff to light-gray, dense nodular mudstone =) Porcelaneous limestone \g ) /
o o and wackestone, calcite-filled veins, bluish = . ) S N BALCONES FAULT ZONE : D
I} g i dendrites, iron nodules, iron staining; shell i - i Gl i i ca_lmte-fllleq veins, C’\S Medm
© © ' ' ' £ bluish dendrites /
— S fragments = o { -
S =
m § 35 Rive /
= 29°15' 3
§ ~ ~Somerset / Aquifers from George and others (2011)
T /C (‘)
(_>“~ y // ~XC Q\, R /
| S Fossiliferous blue-green to yellow-brown Clay, holds water, ’_// I/
% b% ¥ clay, packstone, iron nodules; ** 40-50 Confining None fossiliferous; /lymatogyra -
S| llymatogyra arietina arietina Base modified from U.S. Geological Survey 1:100,000-scale digital data
e Universal Transverse Mercator, zone 14 0 5 10 15 20 MILES
North American Datum of 1983 R R E— ]
0 5 10 15 20KILOMETERS
c ) i o Figure 1. Location of the study area relative to the State of Texas, Bexar and Comal Counties, the outcrops of the Edwards and Trinity aquifers, and the Balcones fault zone (modified from fig. 2 in Barker and Ardis [1996]).
g Reddish-brown, gray to light-tan shaly Black dendrites, iron
5 " mudstone and wackestone, black dendrites, . nodules and staining,
2 * iron nodules, iron staining; Plesioturrilites I 20-30 Gl Y Plesioturrilites brazoensis,
§ brazoensis, Waconella wacoensis Waconella wacoensis
2 .35 Pelletal limestone, chalk to mudstone, Thin graded cycles;
@ MO, BU,
g c ﬁ miliolid grainstone, packstone, chert n 80-90 Aquifer VU(':" BP’ massive beds to relatively Kgrhe i
= © _E (bedded and large nodules); a e thin beds; crossbeds, 98°30'00"
Py E s caprinids, crosshedded FR, CV caprinids
A B
2 = Recrystallized limestone, mudstone, bil;ltlﬂ?ll)\;tr:g?;tfglt;?:;d Ichnofabric index
- o9 ® wackestone, packstone, grainstone; chert BU, VUG, beds separated by massive 1T 2 3 4 5 6
s |22 E (bedded and large nodules); iron stained, n 70-90 Aquifer FR, BP, Iimestong beds: stl)matolitic
2 § E g stromatoh::;:én'{l'gg; Z.:aosggell\gontastrea BR, CV limestone, large amount of Base of lower evaporite HSU 85 >
— lana, oy chert; Montastrea roemeriana Top of Bulverde HSU qK
B ]
= . . . . 80 \b
K Dense, shaly, mudstone, wackestone, Wispy iron-oxide stains, )
= oyster-shell mudstone and wackestone, \% 20-24 Confining FR, CV thin bedded, often white <
S iron staining, chert = in aerial photographs
k=) = € .
3 = 75 . Base of Edwards aquifer
H — 1 T I=e | | HSUWN_
N § - S [ Top of Trinity aquifer
4]
» S Miliolid, skeletal fragmented grainstone, fiv} IP,1G, BU, Crossbedded, ripple > Cavernous HSU
-g ’g mudstone, wackestone; chert (beds and Kkg Vv 40-50 Aquifer FR, BP, marks, miliolid 70 — '< =
_% ] nodules); crossbedded and ripple marked cv grainstone Base of Bulverde HSU
i ] _——e - —_—_—_- -  — 3
Top of Little Blanco HSU «
65 Gt
o> Highly altered crystalline limestone, y
2 - : B
s £ chalky r.nudstor_le, qccasmnal grainstone 1G, MO, Boxwork porosity with B >,
£3 associated with tidal channels; chert Kkke Vi 40-50 Aquifer VUG, FR, neospar and travertine J
2 e (beds and nodule_s), coarse grained spar, BR, CV frame
Z W breccia, travertine «
& 2 Chert, dolomitic I:MIJCBIS Massively bedded light
g mudstone, wackestone, packstone, Vi 50-120 Aquifer VUé FR' gray, Toucasia sp.,
S grainstone blith abundant @
S BP, CV 2 >'
3 IP, G, IC, Alternating burrowed beds £ ~e
§ Mudstone and wackestone, burrowed Seco Pass*** 0-40 Aquifer MO, BU, FR, | with ir)terconnected burrow Base of Little Blanco HSU g
3 BP,CH,CV | porosity and mudstone beds —_— - 2 | ~e
o0 Top of Twin Sisters HSU 8 -
o (7]
< Shaly, nodular, burrowed mudstone, Aquifer, Massive, nodular and hS) B
= wackestone, packstone, miliolid . AP IP. MO !
3 grainstone, dolomite, contains dark, semlconflm_ng unitin » V1Y, mottled Ilmeston_e, BRBs 2 ¢
= spherical textural features locally known o il iR i Bl Bt GO, 2
< " . caves FR. CV Ceratostreon texanum
@ as BRBs; Caprina sp., Ceratostreon 2 (Exogyra texanal, seeps g —4
[oa) texanum, miliolids and gastropods 9y b = 98°40'00"
> ]
» [
S
Evaporites, wackestone, packstone, miliolid MO, BU = !
grainstone, argillaceous limestone, dolomitic Karc Cavernous 90-120 Aquifer BR ’BP ! Heavily bioturbated, = )
limestone, heavily bioturbated; occasional g (A) a FR’CV' evaporite beds, caves = !
dinosaur tracks !
! =1 - KENDALL C%WTY
e
) 120-150 BU, BP, Alternating beds of 9 R
Alternating beds of burrowed wackestone, . X N . :
packstone, miliolid grainstone, argillaceous Kgrch S (tE'CkeEm | Confining FR.’ I|n1_estone e arglllaceous BANDERA
limestone (B) northern Coma occasional Ilme_stone, fossils rare, >"
w
3 County) cv stairstep topography r
2
2 T e N 1 O o e B ey B N N = ==-.===J N N A S [ N g2, S WL GERaN ol .. O N7 /) & O 4 . - 7 Tl 3 Y T ARG R . O RTINSO aNe. Y, A [V e
= ]
© . ) ) Weathers to an orangish = P =
Dissolved evaporites, highly altered 5 red with a pebbly texture o —e
crystalline limestone and chalky mudstone, 5 Unper 1P MO often haz Iessycedar ! bt Base of Twin Sisters HSU [
breccia, boxwork voids; this unit § evap?)?ite ©) 0-10 Aquifer B[J BF; growth and thicker grasses % —_— _T_op of _Doepp_ensc_hmidt_HSU ) —9
may not be present throughout the £ ' ity, sorings s EXPLANATION OF HYDROSTRATIGRAPHIC UNITS
5 entire study area |‘—LE boxworl;ﬂgr::;ty,sspnngs § =
§ 2 P (=] s Hydrologic unit or
s Group or Member informal
PSP 2 Caprinid biostrome, . . . .
Caprinid biostrome near top (locally), § Upper Mo, BU Iimesptone argillaceous ) formation' (formal and 1nformal) hydrOStratlgraphlc
alternating wackestone, packstone to = . 0-40 Aquifer o . . o :
P ) . . 2 (2 | (subunit) FR, CV limestone, Orbitolina unit
miliolid grainstone, argillaceous limestone, Z | & minuta (Douglass, 1960)
and mudstone, silty mudstone at base, = |8 ’ 4 Taylor Group -
Hemiaster sp., Neithea sp., Orbitolina minuta £ Limestone and (Pecan Gap Chalk)
(Douglass, 1960), Porocystis globularis, 2 | Lower . MO, BU, argillaceous limestone, [ 29°40'00" i
Protocardia texana, Tapes decepta, € | (subunit) 120-150 Confining FR @il Gt Austin Group ok Upper
Turritella sp., gastropods (Douglass, 1960) .
' Eagle Ford Group sk confining
unit (UCU
Buda Limestone sk ey
Weathers to an orangish —— B D hmidt HSU S0
) ) ) red with a pebbly texture, 200 —___ baseorToeppenschmidt Ho Del Rio Clay ok
Dissolved evaporites, highly altered Lower IP.MO often has less cedar = Top of Rust HSU
crystalline limestone and chalky mudstone, evaporite (E) 8-10 Aquifer Bl'J BR’ growth and thicker grasses, — Georgetown s I
breccia, boxwork voids P ' boxwork porosity, Formation _ _
@ Corbula sp., spring and 210 — Cyclic and marine, I
3 seeps p undivided?
S erson
] : Leached and collapsed® I
g Formation P
S 220 — i 2 v
_g Salenia texana bed Regional dense member
w Wackestone to grainstone, argillaceous C;Tleleadllnzt:th;z::innt Grainstone? v
wackestone, shales, evaporites, Corbula fossils in::luding 230
beds, Monopleura sp., Toucasia sp., MO. BR . . ] Kirschbere Evaporite! VI
Macraster sp., Nerinea sp., Orbitolina BuI(vAe)rde ( ?E;ﬁo 30) Semiconfining 0. P‘gﬁ;{j;!;agizg’lg’s' D EXPLANATION Kai g P
texana (Roemer, 1852), Porocystis typically BEAH (Roemer, 1852) v~~~ Fault, type unspecified—Dashed where inferred. amer Dolomitic? VII
@ globularis, Salenia texana, gastropods, Macrasters ! Nerin'eas U, upthrown; D, downthrown Formation
§ pectens, and pelecypods [P q [P 240 ! o ) o B & Seco Pass**
@ Pe"te"i gas"‘zpf’ S, Contact—Between hydrostratigraphic units; UITOWE
pelecypods ;
E . d:s?es v;heretmfterred Basal nodular? VI
o orbula bed contac
2 Study boundary Cavernous
f = .
@ Figure 5 i i i ifi .
a . . _ Limestone beds thicker ® Location of figure 5 and identifier Camp Bullis
Mudstones, wackestone, argillaceous . S = = and more resistive to
wackestone, boundstone; Orbitolina 5 8 _ %‘ i 2 MO, BU, erosion than overlvin o Upper evaporite
texana (Roemer, 1852), gastropods, E L= £8 E’ BP,FR T urYitsg 2 Upper Glen Rose
s = E=] U = . 2
pectens, and pelecypods s E £ E Z Orbitolina texana £ 5  Rust HSU Limestone 3 Upper
g g (Roemer, 1852) | S ase of Rust Fossiliferous |,
T s z g Top of Honey Creek HSU ower
o .= = .S
5 S = S .
z é 8 = Glen Rose Lower evaporite
£ gz 53 |
= ERY & | Thick argillaceous beds, | & Limestone Bulverde
2 3 - thin shale beds, 3 10 MILES %
S § . _ s _ ::’. Orbitolina texana 5 | "(‘n Little Blanco
Argillaceous wackestone, 2 s & ;w = i € o8 % ‘;—__ (Roemer, 1852), £ 1|0 KILOMETERS —
shale, and boundstone; Orbitolina RS 25 |2 =28 ==& s o | containspondsand | & ® | Twin Sisters
texana (Roemer, 1852), 2 5 Vc_’ = % g ; 3 “g 2 < i = seeps, often little = Lowc?r Glen Rose ;
) gastropods, pelecypods T; s 2 s| 2 Eof g. vegetation, steeper > Limestone? k> DoeppeIlSChmidt
2 s3 @ = slopes often with = an)
o e badlands-type i
- '-g' K% weathering 2 Rust
c & R
© 8 = Honey Creek
By _ : Y
= ‘s g -
g5 5 ) £ Hensell Sand' Hensell
) ) o g < 5 rbitolina texana 2 Pearsall
Vvaucdks:::oiitg)gra'ism"e’ argillaceous 2 = E g - 1P, MO (Roemer, 1852), 5 . Cow Creek Limestone! Cow Creek
packstone, boundstone, 5 = = g 5 + V1Y, i } S Formation
; itoli 5 = 2= = = imestone beds thicker | o- Base of Honey Creek HSU
Nerinea sp., Orbitolina texana (Roemer, 7 o sa S ; =l BU, BP, and more resistive than o PaeE T TIUTIRY LTBRR IOV hale! H
1852), Tylostoma sp., oysters, pectens, bl g = < FR, CV overlying and Top of Hensell HSU Hammett Shale Khah ammett
I E=3
pelecypods 2 a underlying units Base modified from U.S. Geological Survey 1:24,000-scale digital data Formal.
N Universal Transverse Mercator projection, zone 14 2
3 North American Datum of 1983 Informal.
E 0 merican batum o **No further subdivision.
Alternating beds of argillaceous wackestone Forms starete Figure 2. Surficial extent of the rocks that compose the Edwards and Trinity aquifers within northern Bexar and Comal Counties, Texas. Informal hydrostratigraphic unit name that has not been published previously.
to packstone, mudstone to grainstone, 40-70 topography with spoils
and miliolid grainstone, Monopleura sp., Rust (E) . Semiconfining IP, FR, CV e '
Nerinea sp., Orbitolina texana (Roemer, 1852), (typically 40) Orbitolina texana EXPLANATION
Tylostoma sp., oysters, pectens, pelecypods o T2
e . Sedimentology
—————'—| Limestone
_ ——— Brecciation Q% Iron staining ‘
Thick beds of /// Evaporitic mudstone
wackestone, packstone, 2 Carbonate clasts @ Lamination —
Wackestone to grainstone, boundstone, 1P, MO grainstone; corals,
burrows, Caprina sp., Miliolida, Honev Creek 45-60 Bl'J BP’ Caprina sp., Trigonia sp., Nodular limestone Dendrites “ Mud clasts e
Orbitolina texana (Roemer, 1852), ‘(/F) . Aquifer FR' CH ! cliff forming; outcrop
Toucasia sp., Trigonia sp., Turritella sp., (typically 55) b Uity often contains large Cal dst Evaporites #
pectens, various corals, shell fragments cv limestone float with large alcareous mudstone p
channel and moldic Cal Paleontolo
porasity, caves, and springs a car:ous mudstone to gy
wackestone sequences Foursivivas harveyi €9 Brachiopod n
Nodular marly wackestone
= i . Coral
2 Claystone, sitstone, terrigenous sand, usﬁ'ﬁzsgriﬁ:ﬁ':;ﬂfn; Zi?ler Nodular marly wackestone to Herineasp é o @
© H ’
a3 red sandstone conglomerate/breccia at e P
= base of unit; oysters, quartz geodes; Hensell 0-61 Aquifer ISP|:|M(?\'/ ) :::jc:a%r:ss;g;omh, packstone sequences Orbitolina sp. @ Gastropod >
g gri_des into the Iﬁwer mﬁrEber of_ thedﬁllen B_ose 7 conglomerate/breccia at Wackestone to grainstone Bivalve @ Oyster @
£ imestone to the south becoming dolomitic e sequences
Shell fragment
Marl
@ Ichnology
S ) ) ) Nodular .
— o Upper: very fine to fine-grained carbonate IP, MO, Carbonate sands Microspar bi bati % Planolites [~
g g sand (grainstone) with localized crossbedding; BU. FE crossbedding near t'0 loturbation
s i areas of patch reefs with talus slopes, C ; G : g b Ophiomorpha g Rhizoliths é\
L ~ corals. and rudists ow Creek 40-72 Aquifer VUG, BP, patch reefs compt_)sed Sandstone
g Lower: dolomitic r;ludstone wackestone, FR, CH, GiEREBEne el )
= packstone; oysters v talus slopes Unconformity Paleophycus == Thalassinoides I?:" Figure 5. Footprint of Acrocanthosaurus (theropod) at Government Canyon State Natural Figure 9. Aerial view of rudist patch reefs (white circular, blotchy areas) in the lower
3 Area, Bexar County, Texas. The footprint is approximately 15 feet below the contact of member of the Glen Rose Limestone, Herff Falls hydrostratigraphic unit (informal) of the
the basal nodular member of the Kainer Formation and the upper member of the Glen middle zone of the Trinity aquifer (located at lat 30°02'13" N. and long 98°18'36" W. [center
Rose Limestone (fig. 3) (photograph taken at lat 29°34'57" N. and long 98°45'56" W. by of outlined area in photograph]; photograph by U.S. Air Force, May 4, 1958, courtesy of
E o Upper: claystone, with siltstone lenses, Confini Holds surface water, . . . . . . . . . . . N
Es overlain by fossiliferous dolomitic limestone Khah o T 50 Confining o springs at contact with Figure 4. A, Core analysis from MW9-CC, northern Bexar County, Texas (fig. 1). Section includes the lower evaporite, Bulverde, Little Allan K. Clark, U.S. Geological Survey, September 16, 2015). U.S. Geological Survey). The outlined area is shown in figure 10.
S Lower: siltstone and dolomite Cow Creek Blanco, Twin Sisters, Doeppenschmidt, Rust, Honey Creek, and Hensell hydrostratigraphic units (HSUs) (fig. 3). For a more detailed
description of core MW9-CC see Blome and Clark (2014). B, Stratigraphic column including ichnofabric index from site 1 located in
"Formal. northern Bexar County, Texas (site 1 location shown in fig. 1), of a geologic section thatincludes HSU VIII of the Edwards aquifer and
“Informal. the cavernous HSU of the upper zone of the Trinity aquifer (fig. 3). For a more detailed description of the stratigraphic column includin
*Thickness range based on field mapping. the ichnofabric index see Ggrab and others (2017)\/ a g P grap g Figure 6. Footwall of normal fault in the outcrop of the Edwards Figure 7.  Skolithos burrows in hydrostratigraphic unit VIl of the Figure 8. Rhizocretions in the cavernous hydrostratigraphic unit of 0 325 650 FEET
* 1 H 1 NS H 1 H H . 1 . . . .. . . .. .
Previously published identification for the hydrostratigraphic unit (Clark, 2003, 2004; Blome and Clark, 2014), except where otherwise noted. Group in northern Bexar County, Texas (photograph taken at Edwards aquifer, dolomitic member of the Kainer Formation (Kkd) the upper zone of the Trinity aquifer, upper member of the Glen Rose 0 50 100 METERS
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lat 29°36'26" N. and long 98°34'57" W. by Allan K. Clark, U.S.
Geological Survey, February 7, 2014).

(photograph taken at lat 29°46'14" N. and long 98°16'12" W. by
Allan K. Clark, U.S. Geological Survey, August 5, 2014).

Limestone (photograph taken at lat 29°40'46" N. and long 98°22'58" W.

i Figure 10. Very high resolution aerial view of the outlined area
by Allan K. Clark, U.S. Geological Survey, June 13, 2014).

shown in figure 9, rudist patch reefs (circular areas) in the lower
member of the Glen Rose Limestone, Herff Falls hydrostratigraphic
unit (informal) of the middle zone of the Trinity aquifer (located at
lat 30°02'13" N. and long 98°18'36" W. [center of photograph];
photograph from Strategic Mapping Program [StratMap], Texas
Natural Resources Information System, Texas Water Development
Board, 2010, available under CCO 1.0 Universal [CCO 1.0] Public
Domain Dedication).

Figure 3. Summary of the geologic framework and hydrostratigraphy of the Edwards and Trinity aquifers within Bexar and Comal Counties, Texas. Period,
Epoch, group, formation, members, and lithology modified from Imlay (1945), Whitney (1952), Lozo and Stricklin (1956), Stricklin and others (1971), Rose (1972),
Stricklin and Smith (1973), Amsbury (1974), Inden (1974), Perkins (1974), Clark and others (2009), Wierman and others (2010), Clark and others (2013, 2014),
Blome and Clark (2014), U.S. Geological Survey (2022b); Orbitolina minuta (Douglass, 1960), Orbitolina texana (Roemer, 1852), Loucks and Kerans (2003);
aquifers from Maclay and Small (1976), Ashworth (1983); burrowed hydrostratigraphic unit from Rose (1972); thickness from outcrop, Clark and others (2009),
Wierman and others (2010), Clark and others (2014); hydrogeologic function modified from outcrop, Clark and others (2009), Wierman and others (2010),

Clark and others (2013, 2014), Clark and Morris (2015). Porosity types modified from Choquette and Pray (1970): Fabric selective: IP, interparticle porosity;

IG, intergranular porosity; IC, intercrystalline porosity; SH, shelter porosity; MO, moldic porosity; BU, burrow porosity; FE, fenestral porosity; BP, bedding
plane porosity. Non-fabric selective: FR, fracture porosity; CH, channel porosity; BR, breccia porosity; VUG, vug porosity; CV, cave porosity. BRBs, black
rotund bodies.
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