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METRIC CONVERSIONS

Ihe inch-pound unily o1 medasurement used in this report may be converted
to metric units (International System) by the following factors:

Multiply inch-pouna unit By To obtain metric units

foot (ft) 0.3048 meter

gallon per minute (gal/min) 0.06308 liter per second

gallon per minute per foot 0.2070 liter per second per meter
[(gal/min) /ft]

inch (in.) 25.4 millimeter

mile (mi) 1.609 kilometer

Sea level: In this report “sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,
formerly called "Mean Sea lLevel of 1929."
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HYDROGEOLOGIC DATA FROM A STUDY OF THE
FRESHWATER ZONE/SALINEWATER ZONE INTERFACE
IN THE EDWARDS AQUIFER, SAN ANTONIO REGION, TEXAS

By
Dianne Pavlicek, Ted A. Small,
and Paul L. Rettman

INTRODUCTION

The highly productive freshwater zone of the Edwards aquifer in the San
Antonio region (fig. 1) is the sole-source water supply for more than 1 mil-
lion people. A transitional interface exists between the freshwater zone and
the downdip, salinewater zone. A 1,000 mg/L (milligrams per liter) dissolved-
solids-concentration contour defines an arbitrary boundary between the fresh-
water zone and the salinewater zone. Locally, the 1,000 mg/L dissolved-
solids-concentration contour is referred to as the "bad-water" line. Saline-
water intrusion into the freshwater zone is hydraulically possible. Lower-
than-average water levels 1in the Edwards aquifer could reverse hydraulic
gradients and cause intrusion. Drought conditions, lower-than-average
recharge, and increased ground-water withdrawals are factors which lower
ground-water levels.

The purpose of this study is to assess the potential for salinewater
intrusion into the freshwater zone. The purpose of this report is to present
hydrogeologic data collected during the test drilling and initial testing
phase of the study. Information regarding flow tests, water quality, geo-
physical 1logs, and lithology are provided in this report. The study was con-
ducted by the U.S. Geological Survey in cooperation with the San Antonio
City Water Board, the Edwards Underground Water District, and the Texas Water
Development Board.

Reqgional Hydrogeologic Setting

In the San Antonio region, the 180-mi expanse of the Edwards aquifer
includes parts of Kinney, Uvalde, Medina, Bexar, Comal, and Hays Counties
(fig. 1). A major geologic feature of the region is the east-northeast trend-
ing Balcones fault zone. This system of en echelon, high-angle, pre-
dominantly down-to-the-coast, normal faults displaces the Edwards aquifer
throughout the region. Horsts and grabens are formed locally. Varying in
width from 5 to 40 mi, the highly productive freshwater zone of the Edwards
aquifer is bounded on the north by the faulted outcrop of the aquifer, on the
east and west by ground-water divides in Hays County and Kinney County,
respectively, and on the south by the transitional interface of the fresh-
water zone and the salinewater zone.

Lower Cretaceous carbonate rocks of the Georgetown Limestone and under-
lying Edwards Group of Rose (1972) or stratigraphic equivalents comprise the



Edwards aquifer in this report. The Del Rio Clay is the upper confining unit
and the Glen Rose Formation is the lower confining unit. Subdivisions of the
Edwards aquifer are shown in figure 2. In this study, the San Marcos platform
depositional province subdivisions of Rose (1972) apply. The 1leached and
collapsed member (III), the Kirschberg evaporite (VI), and the dolomitic
member (VII) are the most consistently porous and permeable subdivisions in
the freshwater zone based on test-hole core and geophysical logs. High
porosity and permeability in these subdivisions are associated with leached
dolomite, collapse breccias (formed by the early dissolution of evaporites),
and preferentially leached burrow infill resulting in honeycomb porosity.
Fractures serve to interconnect cavernous zones (Maclay and Small, 1976,
1984). Marked diagenetic and mineralogic differences occur in the carbonate
rocks comprising the Edwards aquifer as a result of varying interstitial water
chemistry (Maclay and Small, 1976; Mench-E11lis, 1985).

The freshwater zone contains an oxidizing calcium bicarbonate water that
is saturated with respect to calcite and undersaturated with respect to
dolomite, gypsum, celestite, strontianite, and fluorite. Dissolved-solids
concentrations generally range from 250 to 300 mg/L. The salinewater zone
contains a calcium sulfate water that is saturated with respect to calcite,
dolomite, gypsum, and often celestite, strontianite, and fluorite. The
dissolved-solids concentration generally increases rapidly near the "bad-
water" line from 1,000 to about 9,000 mg/L (Maclay, Rettman, and Small, 1980;
Pearson, 1973; Pearson and Rettman, 1976).

Recharge to the Edwards aquifer occurs where the Georgetown Limestone and
Edwards Group (Rose, 1972) or stratigraphic equivalents are exposed in the
Balcones fault zone. Streams draining the Edwards Plateau lose most of or all
their base flow and much of their storm runoff by infiltration through frac-
tured and porous limestone exposed in the stream channels. Springflow and
well withdrawals account for most of the discharge from the Edwards aquifer.

On a regional scale, water moves through permeable strata from the major
recharge areas in the north and northwest to major pumping centers in Bexar
County and to Comal and San Marcos Springs in the northeast. The ground-
water-flow pattern 1is controlled primarily by the continuity of permeable
carbonate strata and by the occurrence of faults within the Balcones fault
zone. Segments of faults, where the vertical displacements are sufficient to
juxtapose permeable strata opposite relatively impermeable strata across the
fault plane, cause major restrictions or barriers to lateral ground-water flow
(Holt, 1959; Maclay, Land, and Woodward, 1985; Maclay and Small, 1983).

Location of Study Area

The study area is located in southeast San Antonio. The test sites were
located along a section normal to the "bad-water" line in the vicinity of a
city pump station which would provide representative pumping conditions. Site
A is located within tne salinewater zone; site C is considered to be in the
transition zone; and site D, located next to the City Water Board Artesia pump
station, is considered to be in the freshwater zone (fig. 3). A hydrogeo-
logic cross section through sites A, C, O, and the Artesia pump station is
shown in figure 4.
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APPROACH

A total of seven monitor wells were completed during the test drilling.
Three monitor wells were completed at site A, two at site C, and two at site D
(fig. 5). At each site, the first well (A-1, C-1, and D-1) was drilled
through or nearly through the entire thickness of the Edwards aquifer. The
second wells at sites A, C, and D, and third well at site A were drilled to
selected depths within the Edwards aquifer. Site B, at Willow Springs Golf
Course, was omitted because information indicated it might be located in the
salinewater zone instead of the targeted transition zone. Site A wells were
drilled, tested, and completed first, site C second, site D last.

Wells were drilled using two drilling methods. The mud rotary method was
used to drill from the land surface to the top of the Georgetown Limestone
using a 7-7/8-in. diameter bit for all wells except D-2. Next, the borehole
was reamed to a 14-in. diameter, and 9-5/8-in. steel casing was set and ce-
mented. Well D-2 was drilled using the mud rotary method with a 12-in.
diameter bit so that reaming was not necessary, and 7-5/8-in. steel casing was
set and cemented. The air-assist reverse circulation method was used to drill
through the Georgetown Limestone and Edwards Group (Rose, 1972), which com-
prise the Edwards aquifer, by using a 7-7/8-in. modified bit. This method was
used to avoid Tlost circulation problems if cavernous intervals were encoun-
tered and to provide rock cuttings.

Drill cuttings were collected at 10-ft intervals and were examined at the
well site. Cuttings provided lithologic information for determining strati-
graphic units and formation depths during drilling. Cuttings from the George-
town Limestone and Edwards Group were later described using a 10X magnifica-
tion binocular microscope. Texture classification terminology of Dunham
(1962) and porosity classification of Choguette and Pray (1970) were used
(tables 1 and 2). A sucrosic texture and slight or no effervescence with 10-
percent hydrochloric acid application were the basis for classification of
dolomitic limestone in ha..d specimen.

Lithologic columns, constructed from drill-cutting descriptions of the
Georgetown Limestone and Edwards Group were made for wells A-1, C-1, and D-1.
The circulation of oxidizing waters in the freshwater zone has resulted in
late freshwater diagenesis of Edwards carbonates. Recrystalization, dedolo-
mitization, and late sparry calcite cementation are characteristic of the
freshwater zone (Mench-E1lis, 1985). The salinewater zone has not experienced
this late freshwater diagenetic event and has a higher percentage of dolomite.
Study of petrographic thin sections of drill cuttings is necessary to better
document these diagenetic characteristics which can be wused to define the
interface of the freshwater zone and salinewater zone.

Geophysical logs were run by the Edwards Underground Water District or the
Texas Water Development Board logger on the stratigraphic units above the
Edwards aquifer for each test hole, and including the Edwards aquifer for test
holes A-2, A-3, C-2, and D-2. A suite of logs was run on the Edwards aquifer
in test holes A-1, C-1, and D-1 by the U.S. Geological Survey Borehole Geo-
physical Services Unit logger. Schlumberger Well Surveying Corporation! ran

" Use of firm names in this report is for identification purposes only and

does not constitute endorsement by the U.S. Geclogical Survey.
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Table 2.--Porosity classification system of
Choquette and Pray (1970)

BASIC POROSITY TYPES

[ FasrIC

SELECTIVE |

(S 2eYe 2]

INTERPARTICLE

INTRAPARTICLE

INTERCRYSTAL

MOLDIC

FENESTRAL

SHELTER

GROWTH-
FRAMEWORK

[ 14

we

8c

FE

[ NOT FABRIC SELECTIVE ]

W fACTIRE R
F CHANNEL™ CH

BT

*Coveri opphes 10 man sized or lorger pores of
channel or vug shapes

U6

[FaBRIC SELECTIVE OR NOT ]

BORING
80

8 J su:sov F}" " sm;c:act
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1ogs on well A-1 and C-1. Types of borehole geophysical logs run on each well
are listed in table 3. Some of the hydrogeologic information that can be
derived from the logs is listed in table 4. A radioactive source tool, neces-
sary for the neutron ana density logs, was not run for safety reasons on well
D-1 due to the irreqgularity and jaggedness of the hole from 850 to approxi-
mately 1,129 ft as shown on the downhole television survey. Well Services of
Texas conducted downhole television surveys which were recorded on video-
cassette tapes on wells A-1, C-1, and D-1 to obtain an in situ view of carbon-
ates comprising the Edwards aquifer. Marked variations in percentage and
width of fractures and vugs and cavernous porosity are exhibited among the
wells.

Cumulative-depth flow tests of the Edwards aquifer were conducted each
time another 50 ft of the aquifer was penetrated during drilling, in order to
monitor water quality and production in the aquifer. The test results are
listed as "Cumulative-Depth Flow Tests" in the "Hydrogeologic Data" section,
and the detailed field measurements are presented in table 5 (Supplemental
Information). Testing was conducted with the drill column remaining in the
borehole. This caused production characteristics to be affected to an unknown
degree. A1l wells flowed to the land surface under artesian pressure, thus
pumps were not necessary to conduct these tests.

Drawdown tests were conducted on wells C-1 and D-1 where the test wells
functioned as production wells and nearby wells served as observation wells.
The detailed field measurements for drawdown tests are presented in table 6
(Supplemental Information). Wells C-2 and Artesia #1 served as observation °
wells while well C-1 was allowed to flow (see Drawdown test, well C-1).
Similarly, wells Artesia #1 and Artesia #3 served as observation wells whi =
well D-1 was allowed to flow (see Drawdown test, well D-1).

To determine the aquifer's production and water-quality characteristics,
interval flow tests were conducted on the entire aquifer thickness and zones
starting or stopping at the top and bottom of the aquifer at wells A-1, (-1,
and D-1. The tests for the entire thickness was conducted with the drill
column in the well. The zones were tested by using a single packer mounted at
the bottom of the drill column having an outside diameter of 4-1/2 in. and an
inside diameter of 3-1/2 in. When testing zones between the packer and the
bottom of the test hole, water was allowed to flow inside the drill columm.
When testing zones between the top of the aquifer and the packer, water was:
allowed to flow between the well casing and the drill column. Additional -
interval flow tests include the measurements for all seven completed monitor
wells. The results are referred to as "Interval Flow Tests" in this report.
The detailed field measurements for these tests are presented in table 7
(Supplemental Information).

Water-level fluctuations due to regional pumping are minor, +0.5 ft during
a given day, and have not been introduced into any recorded water level data
or specific-capacity calculations for cumulative-depth flow tests, drawdown
tests, or interval flow tests.

Water quality and production characteristics of specific intervals within
the Edwards aquifer were conducted on wells A-1, C-1, C-2, and D-1 after the
geophysical logs and downhole television surveys were run. An inflatable
packer was set at various intervals to test isolated sections of the Edwards

-13-



Table 3.--Listing of geophysical logs run for each well

Well
number

Type of geophysical logs

Well A-1:

Well A-2:

Well A-3:

Well C-1:

Well C-2:

Well D-1:

Well D-2:

Spontaneous potential

Resistivity

Natural gamma

Caliper

Focused resistivity

Acoustic velocity

Neutron

Density (gamma-gamma)

Spinner survey

Borehole (fluid) temperature and resistivity
Continuous acoustic televiewer

Downhole television survey

Dual induction spherically focused electric 1ogl/
Density - compensated neutron - gamma rayl/
Borehole compensated sonic - caliper - gamma rayl/

Spontaneous potential
Resistivity

Natural gamma
Caliper

Spontaneous potential
Resistivity

Natural gamma
Caliper

Spontaneous potential

Resistivity

Natural gamma

Caliper

Focused resistivity

Acoustic velocity

Neutron

Density (gamma-gamma)

Spinner survey

Borehole (fluid) temperature and resistivity
Continuous acoustic televiewer

Downhole television survey

Dual induction spherically focused electric logl/
Density - compensated neutron - gamma ray_/
Borehole compensated sonic - caliper - gamma rayl/

Spontaneous potential
Resistivity

Natural gamma
Caliper

Casing collar

Spontaneous potential

Resistivity

Natural gamma

Caliper

Focused resistivity

Acoustic velocity

Spinner survey

Borehole (fluid) temperature and resistivity
Continuous acoustic televiewer

Downhole television survey

Spontaneous potential
Resistivity

Natural gamma
Catiper

1/ Logs run by Schlumberger Well Surveying Corporation.

-14-
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Table 4.--Hydrogeologic information derived from 1ogs

Typé of geophysical log Application/information derived
Cal‘per Borehole diameter, location and size of E
solution openings
*ﬂfﬁ;;ural gamma Stratigraphic correlation of clay/argil-
laceous units (example - Del Rio Clay)
Resistivity Stratigraphic correlation, lithology,
Focused resistivity porosity

Dual induction
Spontaneous potential
(electric 1ogs)

Neutron Stratigraphic correlation, porosi
Density _ lithology - mineralogy (1nd1rect1y{
Acoustic velocity (sonic)

Continuous acoustic televiewer

Spinner survey Determine vertical movement of water
within borehole; determine yields of
major water-producing zones

Borehole temperature Determine temperature of formation
fluid; temperature gradients; locate
water producing zones -

Borehole resistivity Determine resistivity of fonmaiion
fluid
Downhole television survey Obtain in situ view of fractures, so-

lution openings, nodular chert, etc.,
in carbonate rocks making up the Ed-
wards aquifer; observe deviation of
borehole diameter

NOTE: Refer to Maclay, Small, and Rettman (1981) and MacCary (1978) for further
detailed discussion.
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aquifer. The downhole television surveys complemented the calipsr Jogs in
determining the depth location for placement of the inflatable pa<ver. Data
from these tests also are referred to as "Interval Flow Tests" in thi: report.
These tests revealed the variations in production characteristics agnd par-
ticularly water quality that were not detectable during cumulative-deph flow
tests or from water-quality samples taken during interval flow testsS: of the
entire section of the Edwards aquiter.

Well C-1 most clearly demonstrates the importance of interval flow tagts
of isolated intervals in determining the stratification of water quality m&ﬂbx
production characteristics. At this well, specific-conductance values over

the 832 to 1,352-ft interval generally increased with depth and ranged from

652 to 736 uS/cm (microsiemens per centimeter at 25 °C) as gathered from
cumulative-depth flow tests (see Cumulative-depth flow tests, well C-1).

During the 832 to 1,396-ft interval flow test (entire section of Edwards aqui-

fer), the specific conductance was 842 pS/cm (490 mg/L dissolved solids) (see

Interval flow tests, well C-1 and Water-quality data, well C-1). The interval

flow tests of isolated intervals revealed marked water-quality variations with

depth. The cumulative-depth flow tests and 832 to 1,396-ft interval flow

tests were masked by the influx of "fresher" water from a productive cavernous

interval at approximately 841 to 847 ft in the uppermost part of the Edwards

aquifer. MWater samples from the 832 to 859-ft interval flow test had a spe-

cific conductance of 772 uS/cm (470 mg/L dissolved solids); the 859 to 1,396-

ft interval had 3,860 uS/cm (2,900 mg/L dissolved solids); the 1,056 to 1,396-

ft interval had 5,860 uS/cm (4,400 mg/L dissolved solids); and the 1,240 to
1,396-ft interval had 5,870 uS/cm (4,600 mg/L dissolved solids). Water sam-
ples from the 832 to 1,056-ft interval flow test had a specific conductance of

784 uS/cm (470 mg/L dissolved solids), and the 832 to 1,246-ft interval had
826 uS/cm (470 mg/L dissolved solids). These values are the result of mixing

of water from different stratigraphic intervals within the Edwards aquifer

«ving the test. Site C is considered a transition zone between the saline-

water. zone and freshwater zone of the Edwards aquifer based on the variation

of water quality with depth revealed by the interval flow tests. Note also,

that well C-2, Tocated 100 ft north of well C-1, did not encounter any cav-

ernous intervals, and the smallest recorded specific-conductance values were

1,636 to 2,650 uS/cm (see Cumulative-depth flow tests, well C-2). Inter-
estingly, interval flow tests of isolated intervals in well D-1, considered to

be located in the freshwater zone, revealed specific-conductance values in-

creasing with depth with a specific conductance of 6,380 uS/cm (4,800 mg/L
dissolved solids) from the 1,225 to 1,384-ft interval flow test (top of

Edwards aquifer, 844 ft and base, 1,362 ft; top of Glen Rose Formation--the

lower confining unit--1,362 ft; total depth of well, 1,384 ft).

Some wells were screened completions and some were open-hole completions
(fig. 5). Wells A-1, A-2, A-3, C-2, and D-1 were completed with screens for
monitoring. Stainless steel, wire-wrapped, 2-3/8-in. diameter screens, 50 ft
in length with a 0.045-in. sliot size were set in these wells. Gravel was
placed in the well bore from approximately 10 ft below to 10 ft above each
screen. Wells C-1 and D-2 were open-hole completions for monitoring. Well C-
1 was completed in a cavernous zone and well D-2 was completed in the
uppermost 50 ft of the Edwards aquifer. Cathodic protection was installed on
each well to prevent corrosion of piping.
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Water samples were collected during each cumulative-depth flow test and
interval flow test. Water-quality data collected include the field determi-
nation of pH, temperature, alkalinity, and specific conductance. Laboratory
analyses 1include determination of inorganic concentrations of the major cat-
ions and anions. Results of laboratory analysis for the cumulative-depth flow
tests and interval flow tests for wells A-1, C-1, and D-1, and from all seven
completed monitor wells taken in March and July 1986, are listed in tables by
well in the "Hydrogeologic Data" section of this report.

With the completion of drilling, testing, and monitor-well construction, a
long-term (50 years) monitoring program is now in effect. Continuous water-
level recorders have been installed on each well to establish a record of
water-level fluctuations. Water-quality samples are being collected monthly
for chemical analysis to establish a record of any .variations in water
quality.

HYDROGEGLOGIC DATA

Hydrogeologic data collected from this study are presented by site loca-
tions A, C, and D in a summarized format. Information presented includes the
following:

1. A detailed site location map;

2. A well summary for each well listing the types of data available;

3. A lithologic column of the Georgetown Limestone and Edwards Group
(Rose, 1972) for wells A-1, C-1, and D-1;

4. General drill-cutting descriptions of the Georgetown Limestone and
Edwards Group for wells A-1, C-1, and D-1;

5. A selection of geophysical logs and borehole surveys for wells A-1, C-
1, and D-1;

6. Cumulative-depth flow-test data for all wells, except well D-2 (see
Interval flow test for well D-2);

7. Drawdown-test data for wells C-1 and D-1;

8. Interval flow-test data for all wells; and

9. MWater-quality data for all wells.

Detailed data 1listings of flow tests and drawdown tests are included in
the "Supplemental Information" section of this report. Data are organized by
test type in the following order: Cumulative-depth flow tests (table 5),
drawdown tests (table 6), and interval flow tests (table 7).
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HYDROGEOLOGIC DATA

Site A
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Owner:

Drilling started:

Well completed:
Locationf

Altitude of
land surface:

Total test depth:

Casing depth:

Depth to
formation tops:

Geophysical logs:

Borehole surveys:

Flow tests:

Monitored depth
interval:

Water-quality data:

Well summary, well A-1

AY-68-37-521
San Antonio City Water Board
6-28-85
8-15-85

188 Dafoste Park, San Antonio, Texas

620 feet above sea level
1,489 feet

9-5/8 inch casing to 965 feet
2-3/8 inch casing to 1,215 feet

Navarro Group and

Taylor Marl, undivided------ surface
Anacacho Limestone---===c=-= 546 feet
Austin Group-------cccccccan 700 feet
Eagle Ford Group----====ec== 812 feet
Buda Limestone----=cccccaca- 842 feet
Del Rio Clay--=--c=ccccccaan 902 feet
Georgetown Limestone----c==- 952 feet

Edwards Group (Rose, 1972)-- 982 feet

Natural gamma
Caliper
Spontaneous potential
Resistivity
Focused resistivity
Acoustic velocity
Neutron
Density

Spinner survey
Fluid temperature
Fluid resistivity
Continuous acoustic televiewer
Downhole television survey

Cumulative-depth
Interval

1,200-1,275 feet - Gravel pack
1,215-1,265 feet Screen

Field measurements and selected inorganic constituents
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STRATIGRAPHY LITHOLOGY | TEXTURE POROSITY
Georgetown Gl il
M-w n
Limestone EXPLANATION
w n
STRATIGRAPHY
w n
1000 4 Memoers from Rose, 1972 (see fig. 2)
w n-poor
C, M, L, and C = cyclic, marine, leacned, and collapsed
w=p BP+M0 fair members, undivided
w n Rd = regional dense member
g ﬂo fair € = grainstone member
-
1050 - : =O good K and D = Kirschberg evaporite and dolomitic
- °© m MO fair member, undivided
=lcMmtL b " Bn = basal
© sMLL, nodular memner
£ and A 4686 W=p-g n
-
o [+ A 678 W-p n-MO+8P poor
w » " LITHOLOGY
c m MO
© I/T/////I/I/f//[ m poor Fossil allochems
1100 E D CLT | m n 88 miliolid foraninifera
o d 00# n-w n-poor /Z caprinid rudistid
- G386 7| wp poor ? Toucasia rudistid
tropod
a S pmH| gas
poor. other mollusc fragments
g Y X7 77257 » ™ falr - e
o 777777 L ;O = Mineral constituents
1150 — (O] /,- Py 3 MO p‘oé: 777/ doromitic (otherwise calcitic)
w
Q 8GE8 LT | wp MO+8P poor A chert
l‘f O pyrite
o Rd " n L7 single crystal caicite or aggregate
2
@ m n ™3 calcite crystal druse
2 ?
g E Fa 8 p-g 8P fair XXT7 celestite?
- U ® pyrite replaced allochems, “8RBs" - black
< 1200 = dd¢6 g9 BP+HP fair ® * ‘rotund badies '
2 c<, G ‘;j‘; [/m} :-p-g ﬁg’g&,?" Sedimentary structures
777 7
g 7)) P d/é 7 '3 BP+MO fair A~ pressure solution boundaries and/or clay seams
o [«] WZ]Q[/"/ g0 w-M0 poor —— algal laminations
o -
- 777777 ) burrow
w < - X-Ae} m-p-g BP+WP poor
w1250 2 665}? =g — BB+ faiT Tectonic structures
z a ve ’///l:x:{f : % g:?: A filled microfracture
~ ‘1 g BP4WP fair
3 7 m | BT TEXTURES
o n
g / . 3 "HO fair m = mudstone
8 - 777/ 3 m MO fair w = wackestone
1300 x| ¢ 3 m n p = packstone
< ° A 0 Jd9s p-g 8P poor g = grainstone
g al x £9%sm| MO+BP_good (Dunhan, 1962)
] E and 77?677 E/{f/ W-g MO+BP good
w poor
: D 77 4 i —pooF DIAGENETIC FEATURES
ANEE Fom | mp-g n-8P poor £ = Iron stalas
® g P-g BF poor
1350 c /7///] m n A = altered (associated with late frestwater
s ~ mx? n n diagenesis)
¥ 07 = dedolomite?
TeII| e poor CE? = calcitized evaporites
A G ~ m-w poor
A a8 v n POROSITY
1400 - Ssda m-g 8P good 8P = interparticie
WP = intraparticie
A WAAn.
= S bl poor BC = intercrystal
gség a8 w-g BP poor MO = moldic
g g Mw n (Choquette and Pray, 1970)
/
////d// m MO poor n = negiigible
Ml du7 w-p poor
- poor, fair, and good are qualitative modifiers
1450 — - W n
-— o " N NOTE: Cuttings collected at approximately 1U-tgot
_ intervais.
Bn e g a-o w n
— &
o, M-w n
Total deplh= 1489 /?/77/'/ m n

1
From Rose, 1972,see the explanation above
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General descriptions of drill cuttings, well A-1

Munsell (1967) color chart notation: Hue value/chroma (example, 10YR 7/1)
[ft, feet; mm, millimeter]

Depth
(ft)

956-968 LIMESTONE: MUDSTONE - WACKESTONE
-10YR 7/1
-mollusc fragments present
-fine-grained fossil fragments present
-chalky appearance
-disseminated pyrite present; fine-grained opaque specks present - probable allochems
replaced by pyrite
-5-mm mollusc fragment with part of shell material replaced by pyrite (circular area)
observed
-noted a cutting with concentration of pyrite with quartz concentrated in central part
of area affected by pyrite replacement
-porosity negligible

968-978 LIMESTONE: WACKESTONE
-10YR 7/1
-mollusc fragments rare
-fine-grained, dark gray, unidentifiable allochems with pyrite replacement evident are common
-dark gray calcareous worm tubes observed; noted one cutting with pyrite replacing the tubes
-chalky appearance
-pressure solution boundaries and/or clay seams present
-pyrite common
-6-mm cutting - aggregate of pyrite crystals
-two 5-mm calcite crystals - indication of vugs with calcite druses
-porosity negligible

978-989 LIMESTONE: WACKESTONE
-10YR 8/1
-mollusc fragments present; replaced by sparry calcite
-Toucasia mollusc fragments present; single large fragment with part of shell replaced by
sparry calcite observed
-dense micrite matrix
-sparry calcite patches present
-calcite filled microfractures present
-porosity negligible

989-999 LIMESTONE: WACKESTONE
-10YR 8/1
-mollusc fragments present
-small gastropods rare
-fine-grained, round, sparry specks present - probable replaced allochems
-pyrite present
-pressure solution boundaries and/or clay seams rare
-calcite filled microfractures present; microbreccia observed
-dense micrite matrix
-porosity negligible

999-1,009 LIMESTONE: WACKESTONE
Ls: wackestone (60 percent) (same as 989-999 ft)
-10YR 8/1
-probable fossil allochems replaced by calcite observed; fine-grained, round geometry
-dense, micrite matrix
-calcite filled microfractures present
-porosity negligible

Ls: wackestone (40 percent)

-10YR 7/1

-miliolid foraminifera rare

-white mollusc fragments present; commonly loose, detached from matrix
-mollusc fragments present; replaced by sparry calcite

-pressure solution boundaries and/or clay seams common

-porosity poor
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General descriptions of drill cuttings, well A-1--Continued

Depth
(ft)

1,009-1,021 LIMESTONE: PACKSTONE - WACKESTONE
-10YR 7/2
-~white mollusc fragments common
-small cavities lined with calcite druse observed
-interparticle and moldic porosity fair

1,021-1,031 LIMESTONE: WACKESTONE
-10YR 7/1
-white mollusc fragments present
~-noted sparry areas within micrite matrix
-noted cutting with microstylolites - pressure solution boundaries
-brown chert present
-porosity negligible - few micropores

1,032-1,042 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE
Dolomitic 1s: mudstone (50 percent)
-10YR 7/2
~-sucrosic texture
-moldic porosity (after foraminifera)

Ls: mudstone (50 percent)
~-10YR 6/2

-mollusc fragments rare
-micropores present

5-mm dogtooth spar crystal
Dark brown-black chert present

1,042-1,052 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE
Dolomitic 1s: mudstone (70 percent)
~10YR 6/2
-sucrosic texture
-pressure solution boundaries and/or clay seams present
-clear crystal aggregates present - calcite and/or celestite
-moldic porosity well developed (after foraminifera)

Ls: mudstone (30 percent)
-may be slightly dolomitic
-porosity negligible

1,052-1,062 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE - WACKESTONE
Dolomitic 1s: mudstone (90 percent)
~10YR 5/2 ’
-sucrosic texture
-pressure solution boundaries and/or clay seams present
-moldic porosity (after foraminifera) - not as well developed as 1,042-1,052 ft section

Ls: wackestone (10 percent)

-miliolid foraminifera present

-mollusc fragments present; replaced by sparry calcite
-porosity negligible

1,062-1,072 LIMESTONE: WACKESTONE - PACKSTONE - GRAINSTONE
-10YR 7/1; 6/2
-miliolid foraminifera present to abundant
-micrite matrix; possible sparry cement matrix also
~-brown chert common
-porosity negligible
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General descriptions of drill cuttings, well A-1--Continued

Depth
(ft)

1,072-1,082 LIMESTONE: WACKESTONE - PACKSTONE
-10YR 6/1
-miliolid foraminifera common
-predominantly dense micrite matrix; rare cuttings of miliolid packstone with sparry matrix
(cement) observed
-dark brown - black chert common
-porosity negligible - poor; rare moldic and interparticle porosity

1,082-1,093 DOLOMITIC LIMESTONE - LIMESTONE:  MUDSTONE
Dolomitic 1s: mudstone (50 percent)
-10YR 6/2
-sucrosic texture
-pressure solution boundaries and/or clay seams present
-moldic porosity (after foraminifera)
-calcite druses and crystal aggregates observed (rare)

Ls: mudstone (50 percent)
-10YR 5/1

-miliolid foraminifera present
-porosity negligible

1,093-1,103 LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
Dolomitic Ls: mudstone (70 percent)
-10YR 7/1
-calcite crystal aggregates present
-porosity poor; probable intercrystalline porosity

Ls: mudstone - wackestone (30 percent)
-Toucasia mollusc fragments present
-porosity negligible

Brown chert with allochem ghosts present
Grayish chert present

1,103-1,113 LIMESTONE: WACKESTONE - MUDSTONE
-10YR 7/1
-miliolid foraminifera present
-Toucasia mollusc fragments present
-calcite filled hairline fractures present
-2-4 mm long blocky calcite crystals observed
-observed a few cuttings with sparry calcite patches associated with disseminated, fine-
grained pyrite(?)
-porosity poor to negligible

1,113-1,124 LIMESTONE: WACKESTONE - PACKSTONE
-10YR 6/2
-miliolid foraminifera common
-mollusc fragments present
-dense micrite matrix
-porosity poor

1,124-1,134 LIMESTONE: WACKESTONE
-10YR 5/2
-mollusc fragments present
-miliolid foraminifera present
-dense, micrite matrix
-calcite filled hairline fractures observed
-pressure solution boundaries and/or clay seams present
-cuttings with calcite druses observed
-porosity poor
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General descriptions of drill cuttings, well A-1--Continued

Depth
(ft)

1,134-1,144 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE
Dolomitic 1s: mudstone (50 percent)
-sucrosic texture
-aggregates of quartz crystals present - void infill and duses
-calcite crystal aggregates observed
-porosity - micropores abundant; probably moldic porosity (after foraminifera); probable
intercrystalline porosity

Ls: mudstone (50 percent)
-dense micrite
-porosity negligible

Dark brown chert present

1,144-1,155 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE - WACKESTONE
Dolomitic 1s: mudstone (50 percent)
-10YR 71
-miliolid foraminifera present
-moldic porosity; variation in degree of secondary porosity development

Ls: wackestone (50 percent)

-10YR 6/2

-mollusc fragments present

-miliolid foraminifera present

-sparry areas in matrix present

-calcite druses and void infill observed
-minor moldic porosity development

1,155-1,165 LIMESTONE: WACKESTONE - PACKSTONE
-10YR 7/1
-miliolid foraminifera common to abundant
-worm tubes observed
~fossil allochems replaced by sparry calcite present
~-fossil allochems replaced by pyrite present
-aggregates of calcite crystals observed
-pore~-filling sparry cement observed between miliolids, but not ubiquitous
-moldic and interparticle porosity poor; rare intraparticle porosity

1,165-1,175 LIMESTONE: MUDSTONE
-10YR 6/1
-chalky appearance
-microstylolites observed - pressure solution boundaries
-porosity negligible

1,175-1,185 LIMESTONE: MUDSTONE - PACKSTONE - GRAINSTONE
Ls: mudstone (95 percent)
~dense micrite
-porosity negligible

Ls: grainstone - packstone (5 percent)
-sparry cement detectable
-chalky-altered appearance
-interparticle porosity fair

1,185-1,195 LIMESTONE: PACKSTONE - GRAINSTONE
-10YR 7/1
-miliolid foraminifera abundant
~intraclast noted
-areas with coarse spar present - replacement of allochems
-sparry matrix cement and micrite matrix
-interparticle porosity
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General descriptions of drill cuttings, well A-l1--Continued

Depth
(ft)

1,195-1,206 LIMESTONE: GRAINSTONE - MUDSTONE
Ls: grainstone (95 percent)
-10YR 711
-miliolid foraminifera abundant
-sparry calcite cement
-intraparticle and interparticle porosity

Ls: mudstone (5 percent)
-dense micrite

-stylolite observed
-porosity negligible

1,206-1,218 LIMESTONE - DOLOMITIC LIMESTONE: GRAINSTONE - PACKSTONE - MUDSTONE
Ls: grainstone - packstone (75 percent)
-10YR 7/1
-miliolid foraminifera abundant
-intraparticle and interparticle porosity; variation in degree of secondary porosity develop-
ment

Dolomitic 1s: mudstone (20 percent)
-sucrosic texture
-excellent moldic porosity

Ls: mudstone
-dense micrite
-porosity negligible

Calcite druses present
Aggregate of quartz crystals observed

1,218-1,228 LIMESTONE - DOLOMITIC LIMESTONE: GRAINSTONE - MUDSTONE
Ls: grainstone (50 percent)
-10YR 7/2
-miliolid foraminifera abundant
-sparry cement matrix
-interparticle and moldic porosity; variation in degree of secondary porosity development

Dolomitic 1s: mudstone (50 percent)
-very fine sucrosic texture
-probable intercrystalline porosity

1,228-1,238 DOLOMITIC LIMESTONE: MUDSTONE - PACKSTONE - GRAINSTONE
Dolomitic 1s: mudstone (60 percent)
-10YR 7/3
-very fine-grained sucrosic texture
-porosity negligible

Dolomitic 1s: packstone - grainstone (40 percent)
-10YR 7/2

-miliolid foraminifera common: leached appearance
-pressure solution boundaries and/or clay seams present
-moldic porosity poor

1,238-1,249 LIMESTONE - DOLOMITIC LIMESTONE: GRAINSTONE - WACKESTONE - MUDSTONE
Ls: grainstone (30 percent)
-10YR 7/1
-miliolid foraminifera abundant
~tightly (calcite) cemented calcite cuttings contain opaque, irregularly shaped specks
-intraparticle and interparticle porosity in some cuttings
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General descriptions of drill cuttings, well A-1--Continued

Depth
(ft)

1,238-1,249 Ls: packstone - grainstone (40 percent)

--continued -10YR 4/2
-allochems are very fine-grained, round, unidentifiable fossils; probable foraminifera -
much smaller than typical miliolid foraminifera
-brown, sparry cement matrix - allochems floating in matrix

Dolomitic 1s: mudstone (30 percent)
-sucrosic texture
-moldic and probable intercrystaline porosity

Brown chert common

1,249-1,259 LIMESTONE - DOLOMITIC LIMESTONE: GRAINSTONE - PACKSTONE
Ls: grainstone - packstone (60 percent)
-miliolid foraminifera abundant
-sparry calcite cement and/or micrite matrix
-intraparticle and interparticle porosity; variation in degree of porosity development

Dolomitic 1s: mudstone (40 percent)
-sucrosic texture
-moldic porosity poorly developed; probable intercrystalline porosity

Brown chert present
Botryoidal chalcedony - single cutting
4-mm dogtooth spar crystal

1,259-1,269 DOLOMITIC LIMESTONE - LIMESTONE: GRAINSTONE - MUDSTONE
Dolomitic 1s: mudstone (60 percent)
-sucrosic texture
-probable dolomitized packstone - grainstone - wackestone
-moldic porosity (after foraminifera) and probable intercrystalline porosity
-3-mm celestite(?) crystal

Ls: grainstone (30 percent)

-miljolid foraminifera abundant

-caprinid rudistid fragments present

-mollusc fragments present

-interparticle and intraparticle porosity; variation in degree of development

Ls: mudstone (5 percent)

-miliolid foraminifera rare

-mudstone is probable reflection of micrite stringers within miliolid grainstone
-porosity negligible

Ls: wackestone (5 percent)

-10YR 5/1

-very fine-grained, round allochems - foraminifera(?)
-brown micrite matrix

Brown chert rare

1,269-1,280 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE - WACKESTONE
Dolomitic 1s: mudstone - wackestone (80 percent)
-10YR 7/2
-sucrosic texture
-microstylolites present (pressure solution boundaries and/or algal laminations
-rare crystal aggregates; clear, vitreous luster - celestite(?)
-variation in degree of porosity development; moldic porosity
-probable intercrystalline porosity
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General description of drill cuttings, well A-1--Continued

Depth
(ft)

1,269-1,280 Ls: packstone - grainstone (15 percent)
--continued -miliolid foraminifera common
-mollusc fragments present
-interparticle porosity poor to fair

Ls: mudstone (5 percent)
-dense micrite
-porosity negligible

Brown chert present

1,280-1,290 LIMESTONE - DOLOMITIC LIMESTONE: WACKESTONE - MUDSTONE
Ls: wackestone (80 percent)
-10YR 7/1
-single echinoderm fragment observed
~dense
-porosity negligible

Dolomitic 1s: mudstone (20 percent)

-celestite(?) common

-moldic and probable intercrystalline porosity
-pressure solution boundaries and/or clay seams present

1,290-1, 300 LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
Ls: mudstone (70 percent)
-10YR 7/1
-dense, negligible porosity

Dolomitic 1s: mudstone (30 percent)
-10YR 6/2

-celestite(?) present

-moldic porosity

1,300-1,311 LIMESTONE: PACKSTONE - GRAINSTONE
-10YR 8/2
-miliolid foraminifera abundant
-Toucasia fragments present
-brown - gray chert present
-interparticle porosity poor

1,311 -1,321 LIMESTONE: GRAINSTONE
-10YR 7/2
-miliolid foraminifera abundant
-caprinid rudistid fragments present; part of internal micrite cast of caprinid observed
-celestite (?) present
-moldic and interparticle porosity good

1,321-1,331 CALCITIC DOLOMITE - LIMESTONE: GRAINSTONE - WACKESTONE
Calcitic dolomite: grainstone - wackestone (50 percent)
-10YR 6/3
-miliolid foraminiferra abundant
-sucrosic dolomite coating allochems
-interparticle and moldic porosity excellent

Ls: wackestone (50 percent)
-10YR 7/1

-Toucasia fragments present
-other mollusc fragments present
-porosity poor
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General descriptions of drill cuttings, well A-l1--Continued

Depth
(ft)

1,437-1,447 LIMESTONE: WACKESTONE - PACKSTONE
-10YR 7/1
-predominantly wackestone
-miliolid foraminifera present to common
-stylolites observed; other pressure solution boundaries and/or clay seams present
-celestite(?) and calcite druses present
-porosity poor

1,447-1,457 LIMESTONE: WACKESTONE
-10YR 71
-miliolid foraminifera present
-pressure solution boundaries and/or clay seams common
-calcite-filled mirofracture observed
-porosity negligible

1,457-1,468 LIMESTONE: MUDSTONE
<10YR 7/1
-BRB's « ("black rotund bodies") present - probable pyrite replaced fossil allochems and
fecal pellets; refer to Mench-Ellis (1985, p. 152) for extensive explanation of pyrite in
basal nodular member
-dense micrite
-pressure solution boundaries and/or clay seams common
-porosity negligible

1,468-1,478 LIMESTONE: WACKESTONE
-10YR 71
-miliolid foraminifera present to common
-mollusc fragments present; replaced by sparry calcite
-BRB's present to common
-pressure solution boundaries and/or clay seams common
-porosity negligible

1,479-1,489 LIMESTONE - DOLOMITIC LIMESTONE: WACKESTONE - MUDSTONE
Ls: wackestone - mudstone (95 percent)
-10YR 7/1; 4N
-miliolid foraminifera present
-BRB's common
-pressure solution boundaries and/or clay seams common (10YR 4/1)
-porosity negligible

Dolomitic 1s: mudstone (5 percent)
-10YR 8/1

-non-sucrosic

-dense, dolomitized micrite
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General descriptions of drill cuttings, well A-1--Continued

Depth
(ft)

1,374-1, 384 LIMESTONE: MUDSTONE - WACKESTONE
-10YR 7/1
-miliolid foraminifera present
-probable algal laminations in mudstone; 10YR 5/2; very large cutting
-stylolites and other pressure solution boundary evidence and/or clay seams present
-brown chert common (very large cuttings)
-porosity poor

1,384-1,394 LIMESTONE: WACKESTONE - MUDSTONE
-10YR 6/2
-miliolid forminifera present
-chalky appearance
-brown chert present
-porosity negligible

1,394-1,405 LIMESTONE: GRAINSTONE - MUDSTONE
Ls: grainstone (85 percent)
-10YR 8/1
-foraminifera abundant - miliolid and probable other species
-leached appearance
-interparticle porosity good

Ls: mudstone (15 percent)
-dense micrite
-laminations. present
-porosity negligible

1,405-1,415 LIMESTONE: WACKESTONE - MUDSTONE
-10YR 7/1
-miliolid foraminifera present
-chalky appearance
-pressure solution boundaries and/or clay seams present
-brown chert rare
-porosity poor

1,415-1,425 LIMESTONE: GRAINSTONE - WACKESTONE
Ls: grainstone (85 percent)
-miliolid foraminifera abundant
-moilusc fragments present to rare
-interparticle porosity poor

Ls: wackestone (15 percent)
-miliolid foraminifera present
-porosity poor

1,425-1,437 LIMESTONE - DOLOMITIC LIMESTONE: WACKESTONE - MUDSTONE
Ls: wackestone - mudstone (90 percent)
10YR 8/1
-miliolid foraminifera present
-chalky appearance
-pressure solution boundaries and/or clay seams present
-porosity negligible

Dolomitic 1s: mudstone (10 percent)

-sucrosic texture
-moldic porosity poor (after miliolid foraminifera)
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General description of drill cuttings, well A-1--Continued

Depth
(ft)

1,331-1,343 DOLOMITIC LIMESTONE - CALCITIC DOLOMITE: GRAINSTONE - PACKSTONE - MUDSTONE
Ls: grainstone - packstone (33 percent)
-10YR 7/2
-miliolid foraminifera abundant
-mollusc fragments present
-pressure solution boundaries and/or clay seams present
-interparticle porosity poor; many dense, tightly cemented cuttings

Dolomitic 1s - calcitic dolomite: mudstone (33 percent)

-probable dolomitized packstone:

-sucrosic texture

-moldic (after miliolid foraminifera) and probable intercrystalline porosity
-dolomitized mudstone:

-fine sucrosic texture

-brownish algal laminations present in some cuttings

-celestite(?) present

-porosity poor

Ls: mudstone (33 percent)

-may be slightly dolomitic

-pressure solution boundaries present; stylolite observed
-porosity negligible

Dark brown - blackish gray chert present; allochem ghosts observed

1,343-1,353 DOLOMITE - LIMESTONE: MUDSTONE - GRAINSTONE - PACKSTONE
Dolomite: mudstone (50 percent)
-10YR 5/2
-dense
-noted that some cuttings have a single 0.5-mm thick surface with miliolid foraminifera
molds (foraminifera 1aminae)

Ls: grainstone - packstone (50 percent)
-10YR 7/1

-miliolid foraminifera abundant
-intraparticle porosity poor

1,353-1,363 LIMESTONE: MUDSTONE
-10YR 7/1
-stylolites present
-chalky appearance
-pinacoid celestite or calcite(?) druses present (indecisive hydrochloric acid test due to
interference with calcite matrix)
-brown-gray chert rare
-porosity negligible

1,363-1,374 LIMESTONE - DOLOMITIC LIMESTONE: WACKESTONE - MUDSTONE
Ls: wackestone - mudstone (95 percent) -
-10YR 8/1 .
-mollusc fragments present; commonly replaced by sparry calcite
-gastropods rare
-milliolid foraminifera rare
-pressure solution boundaries and/or clay seams rare
-2-mm calcite crystals present; crystal aggregates also
-porosity poor

Dolomitic 1s: mudstone (5 percent)

~10YR 6/1

-slightly sucrosic texture

-moldic porosity (after miliolid foraminifera)

-31-
Pu:a& 2y ;allows



H3L3IWIINID U3d SNINIHSOUDIA NI
*3ONVLIONANOD 0O13103dS

3LNNIN H3d SNOTIVO NI *3DHVHOSIA

0002 0009 000S 000V 000E 000Z 000L O 002i 000L 008 009 00y 002 0
T T T T T T 00S1 N T T T T Y ) )  § T T T 00st ©
68v1-506 2 68v1-596 g
LEVPL-G96 . LEYI-G96 2
i ¥8E1-596 qoovri ® ¥8E1-596 4oovrt M
1E€L-596 m m
[ 6L21-596  CLLI tEEL-S96 Jooer ©
£ 6121-596 =
8221-596 -
i dooz1 > 8zzL-soe {ooz1 >
$L11-596 z SL11-596 z
o o
- €211-596 1201-596 qoori @ €211-596 Joor1 @
190) Uy ‘jBAIBIU| m 5 1201596 w
o o jee) Uy .._w>..o-:-
41dep-eANBINWND 61 01-596 000t % uidep-eanenwng eLot-so6 (000" m
- {o0s 2 4006 w
-
m n
'l A ke P A N OQQ H A A A A A A L} A 1 A QQQ m
* 49onpsuva] aunssaad Aq pau juajap S |aA3| JojeM /E
+A||ed1433un |OA pauwud3ap abaeyds|ip abeasay /2
canoy 1 A4aA0294 JO uOpIRANp fanoy T ‘Mol JO uojjeang /1
0°te 0£2°S L2°0e 11°62 veie+ £2°¢+ 06S 68Y°1-596 01
0°€t 082°S 00°61 1€°0¢ 69 °2t+ 8E 2+ 9.S LEVT-596 6
0°¢t 00£°S L6°61 S¥°62 26°¢E+ Ly e+ 88§ ¥8€°1-996 8
0°€E 080°S 8L°81 29°0¢ L0°bE+ St°e+ SLS T€€°1-996 L
0°¢ce 022°S Tv°LT ov°ee teSE+ v6°2+ 19§ 6L2°1-996 9
0°tt ov6‘t p1°st LL 1€ €275+ 9p°E+ . 1I8Y 822°1-596 S
0°t€ obvL‘y -- -- 19°9¢+ == e SL1°1~596 1/
g2t 092°t -- -~ 80°LE+ -= LS¢ £21°1-596 €
0°ee L T4 -- -- G9°LE+ == 161 TL0°T-596 e
0°1¢ 861°¢ -- == 96°6¢+ -- 96 610°1-596 1
/£ /e fe/1
(2.) (wd/sH) [33/(uw/e6)]  (34) (34) (33) (upw/ eb) a3q
aJanje 32Ue3dNPUOd A31oeded umop ISETYEEN] bumoyy abaeyos |p (33) -wnu
-aadwa] 914 Loads o914 193ds -MRJA(Q “|9AD| JIJRM € |DA3| 4I3EM abeuaa Ay leAddiul 1s9L

[snis|a) sda4bap ), fSNiS|3) ,G2 3° 4333WIIUdD 4ad SUBWI |SOUdw ‘wd/SH
£1004 J4ad ajnuiw 43d suoj|eb “3j/(urwm/ieb) ¢ajnuiw aad suojpeb ‘uiw/eb 1993 “314]

T-V LL9M °S3523 MO(J U3dep-aA(3e(nun)

-35-



H3L13NWILN3D H3d SNINIISOHOINW
NI *3ONVLIONANOD O14103dS

1004 H3d 3LNNIN H3d SNOTIVD
NI *ALIOVdVYD D14ID3dS

0008 0009 000¥ 0002 ] ov o¢ 02 ot 0 o
T T T T ¥ T T T T 000Gt m
h]
L - 5 4osvi 3
L . - 4oort
| J " Joger ©
=
- 4 S 4oo0e1r .~
>
2 . - ¢ qJoszt z
| p ‘ou 180 4 L b ‘ou 188 j00zr 2
5 € . 5 € {osit 3
>
L g . 5 ¢ do0tt Q
- . S doso1 <
o 4 b - 40001 ™
[} m
1 1 A I i N m
L 1 ! 036
*MOLy Jnoy-1 jo pu3l /g
*{13M 403 juow pala|dwo) /g
*991J 140 Yyui-g X adyd youy-g Aq pautwaayap abueyssyg /¢
*901J 440 YU -G°Z X adid you - y3i M aajawouew Aq pautwaalap abuaeyssiq /9
*AL1eoja33un (OA pauluialap abaeyssig /g
*Jaonpsuedy aunssaad £q paulwualap S |3A3| J33EM  /p
*8044 140 Yuj-g X ad}d yu =01 yim Jojdwouew £q paujualap abaeyss)qg /¢
-sbutpeas 35941p Aq paujwsdlsp S [3A3| Ja3eM /2
*sanoy g “Au8A0094 JO uoljedanp fsunoy ¢ ‘maly jo uopjeang /1
-- == == == LL Y2+ jg == == ‘€2/6/5 S§L2°1-002°1 /g 9
089 ‘¢ 99°¢ 9891 -- -- 20°21+ 88°82+ 8219 SL0°1-96 S
09E‘Y L0°PT 2¢6°91 -00°8e+ == 80°TT+ == 8€2/; 081°1-96 b
090°9 16°¢ 08°9 -- -- LE°E€2+ L1762+ 1475} 68 °1-081°1 €
059 ‘9 oT¢ 66°L -- == 8L°6T+ LL°[2+ €€ /g 68v°1-942°1 2
0€2°s 10°9¢ 8v°0T 88°62+/y; OV 6T+/p -- -- 8LE/¢ 68v°1-996 1
e /z a 1z _
(33) (34) (33) (33) /1
{wo/sH) [34/ (uiw/ teb)] (34) Ausa0%u Moy pu3 buwmoly  dpjeys  (upw/|eb) (34) Jagq
3Ue3INPUOD K3yoeded umop ‘leas| ‘lemnay MCIETY ‘1ane|  abuaeydsip lea -tnu
o141 0ads o4 poeds -meuq NELL) SELL] FELY-T] 433N abeuaany -423u] 1531

[sNis 139 .62 1 4933WLjudd 4ad suawdsoadjw ‘wd/sH
£3004 Jad ajnujw 4ad suopjeb ‘34/(upm/ieb) feinujw uad suoy|eb ‘uw/jeb (3934 ‘14]

T-Y LI2M S3S9] MO|J [BAUSU]

-36-



06€5 - - - 0061 086 -- - 061 o015 92z -- 08.§ -- §.21 0021 v .wm_
+3dag
02 -- -- - 0081 026 -~ - 002 ovs S€2 -- otLs - sL21 0021 . ._ﬁ
inp
0195 002t 12 82 0081 0€6 82 oY 012 009 b2 0L°9 otes §°2¢ 5121 0021 tUEY
9861 ey
0€L2 0061 91 0°2 084 08¢ €1 002 68 092 21z 06°9 0892 0°2¢ 5401 596 ** 80
otot 0062 L1 §°2 0021 049 12 oz ov1 06€ vez 19°9 09€d §°2¢ 0811 596 T L0
0585 00t 61 6°2 0081 0001 62 08¥ 012 065 0be 05°9 0909 0°¢€ 68Y1 0811 L0
05%9 008t 0z 3 0002 0021 €€ 0SS 0€2 009 (174 09°9 0599 0°¢g¢ 68b1 9/e1 ***90
0805 009¢ 81 L2 0051 ot8 52 oot 081 o015 22 09°9 0€2S 0°€e 6811 596 . .Nm
“Bny
oL1S 00€€ 81 8°2 00€T 018 62 oty oL1 ozv 1€2 05°9 082§ 0°€e LEYT 596 T 0¢
091§ 009€ 81 Lz 0051 068 92 06€ 081 oct 6€2 0L9 00€ES 0°€e ¥8E€ 1 596 ***62
0£1S 00€€ 81 9°2 oot1 054 82 08¢ 081 oey 1e2 08°9 0805 0°€g T€€1 596 ***62
0206 00S€ L1 L2 00§T 018 2 08¢ oLl ozt €€2 0L°9 0225 0°€€ 6421 596 74
088t 009€ 81 L2 00S1 088 €2 oot oL1 ozt 5€2 0L°9 ov6t 0°€¢ 8221 596 °*°62
002t 000€ 81 §°2 00€1 00Z 0z ove ov1 09¢ 1€2 09°9 092t 5°2¢ SL11 596 T4
002¥ 060€ 81 52 00€T 0.9 0z ove ob1 09t 1€2 09°9 092t 5°2¢ €211 596 N 74
082¢ 0022 91 €2 096 oLt S1 052 o011 0L2 S12 11°9 02€€ 0°2¢ 101 596 *teg2
0z1¢ 0022 L1 22 026 obt 91 052 001 0z¢ 512 o9 002€ 0 1€ 6101 596 **e22
S861 AInp
(wo/sh)  (1/6w)  (%ls (4 se  (Yps se (lase (x se (eN se (Byse (ey se (€00ed  (s3wun (wd/sM)  (3,)  (33) (33)
qe| paA|os se 7/6u) 7/6w) q/6w)  q/6w) q/6w)  /buw) q/6w) se - /6w) pae aoue aunje auoz auoz ajeq
‘aoue -S|p q/6w)  paaos POALOS PIA|OS POA|OS P3A0S PIAAOS  PIA(0S pLats -pue3s) -jonp -4ddwd] bujueaq bBujaeagq
-30np ‘sjuan paAl0S  -S}p -S1p -SLp -s|p S|P . -SIP -S}p 1e303 Hd -uod ~433eM  -421BM
-u0d -3 135U0d =SIp  ‘@pl4  ‘PjeyIns  ‘spld ‘ungs  ‘unipos ‘wnis  ‘wnjdje)  jeM Um 1419 30 woy 40
94310 jouns  ‘ed}y|s -onj4 -0|y) -sejod -aubey ‘A3puty -adg -30q 03 doy o3
-ads  ‘spiios -y yidag  yadag

[4234| 42d sweabyfpw /6w fsnisia) .6z e Jajawiudd
J49d suswd|soadu ‘wd/sh fsnys|ag daubap ‘9, 3994 ‘3y)]

1-V LI3M ‘ejep A3pjenb-aazey

-37-



Well summary, well A-2

AY-68-37-522
Owner: San Antonio City Water Board
Drilling started: 8-26-85
Well completed: 9-20-85
Location: 188 Dafoste Park, San Antonio, Texas
Altitude of
land surface: 620 feet above sea level
Total test depth: 1,075 feet
Casing depth: 9-5/8 inch casing to 964 feet
2-3/8 inch casing to 1,013 feet
Depth to
formation tops: Navarro Group and
Taylor Marl, undivided------ surface
Anacacho Limestone---------- 546 feet
Austin Group-=----=--ccoeee- 686 feet
Eagle Ford Group-----===---- 810 feet '
Buda Limestone----<-cocceea- 840 feet
Del Rio Clay-=-===-~--=ccec--- 900 feet
Georgetown Limestone-------- 952 feet
Edwards Group (Rose, 1972)-- 980 feet
Geophysical logs: Natural gamma
Caliper
Spontaneous potential
Resistivity

Borehole surveys: None

Flow tests: Cumulative-depth
Interval

Monitored depth
interval: 1,001-1,075 feet - Gravel pack
1,013-1,067 feet - Screen

Water-quality data: Field measurements and selected inorganic constituents
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Well summary, well A-3

AY-68-37-523
Owner: San Antonio City Water Board
Drilling started: 9-26-85
Well completed: 10-21-85
Location: 188 Dafoste Park, San Antonio, Texas
Altitude of
land surface: 620 feet above sea level
Total test depth: 1,175 feet
Casing depth: 9-5/8 inch casing to 964 feet
2-3/8 inch casing to 1,112 feet
Depth to
formation tops: Navarro Group and
Taylor Marl, undivided-~=--- surface
Anacacho Limestone-----c==c- 546 feet
Austin Group-=-=--=cccemcuan 690 feet
Eagle Ford Group--==-====--- 812 feet
Buda Limestone-----=--=coceo 842 feet
Del Rio Clay-==-===ceccucau- 900 feet
Georgetown Limestone-------- 954 feet
Edwards Group (Rose, 1972)-- 980 feet
Geophysical logs: . Natural gamma
Caliper
Spontaneous potential
Resistivity

Borehole surveys: None

Flow tests: Cumulative-depth
Interval
Monitored
depth interval: 1,099-1,175 ft - Gravel pack

1,112-1,164 ft - Screen

Water-quality data: Field measurements and selected inorganic constituents
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HYDROGEOLOGIC
Site C
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Well summary, well C-1

AY-68-37-524
Owner: San Antonio City Water Board
Drilling started:  10-31-85
Well completed: 1-31-86
Location: 350 Coliseum Road, Willow Springs Golf Course,

San Antonio, Texas

Altitude of
land surface: 626 feet above sea level

Total test depth: 1,396 feet

Casing depth: 9-5/8 inch casing to 832 feet
2-3/8 inch casing to 840 feet

Depth to

formation tops: Navarro Group and
Taylor Marl, undivided------ surface
Anacacho Limestone--======-- 404 feet
Austin Group----===c-=eeeee- 552 feet
Eagle Ford Group----======== 670 feet
Buda Limestone-----eeeveeee- 702 feet
Del Rio Clay------=c-cccmma- 760 feet
Georgetown Limestone-------- 820 feet
Edwards Group (Rose, 1972)-- 840 feet
Glen Rose Formation-=------- 1,390 feet

Geophysical logs: Natural gamma
Caliper
Spontaneous potential
Resistivity

Focused resistivity
Acoustic velocity
Neutron

Density

Borehole surveys: Spinner survey
Fluid temperature
Fluid resistivity
Continuous acoustic televiewer
Downhole television survey

Flow tests: Cumulative-depth
Drawdown test
Interval depth

Monitored depth
interval: 840-881 feet, open hole

Water-quality data: Field measurements and selected inorganic constituents
-46-



STRATIGRAPHY LITHOLOGY | TEXTURE POROSITY
Georgetown [ ] m n
Limestone I — n N
850 0 A | new n
O s O m—w n
C § ~— m-w-p n-BP good
Foa wep BP good
A ﬁ w-p BP poor
900 — /K//#/ ] MO poor-good
- ﬂ//#/ n M0 poor-good
c NELELam "
21 CML, m n
.g and A GG rvm m-w-p n-poor
Y/,
N 7/
e /774
930 e ETHE
g 7 75’ 777 m-w goor
®
2 ?/i /%9—‘ L Boor
-X-¥) w-p n
-
g w-p poor
1000 - a /57 5/ m n
m n
(o]
2 R
(G}
(AR poor
¢ [ w MO fair
w
Q 1050 %3 - n
& Rd e L] n
8 x a4 Mm=-w=p-g n-MO fair
g g_‘ &8s p-g MO+EP fair
j =) e A d88 wep- MO+BP fair
z 110049 —2B888 | p9 HO+BP poor
g g 58 6 g HO+BP fair
n
Nt o V& /////] R R-poor
u ; j////////;// m poor
u. a / : gOOI‘
Z 1150 W 3 mew n-poor
T L/ 2~ n MO poor-fair
:l-. ,//;’L / - 1
la.l A //// m poor-fair
- ///47// m n-M0 fair
‘g S A Sga w-g HO+BP fair
1200 E :a' a';d ACGS8 m-w-g n-MO+BP fair
NHELR 2R
ol w : :aor
“ls g & m-g n
£ N IIYi n
C] N " n
1250+ x ~—~— O F m-g MO+BP fair
L ////1/,/, m %o; .
L] air
& [ L-X-] p-g MO+BP poor
A dalxﬂ? w-p-g MO+BP poor
w-p-g MO+BP poor
Bl | B
1300 - ' mw-p n-poor
! A CG é wep-g 8P fair-good
4 -p- 8P fai
Ve 7 M poor 2
pos n n
/177774 n
1350 -] AR n
Bn w4 2% mw n
—— % m-" n
, 77777/ | s
depin =126 Senrors T 1 //////] 1M poor-good

1
From Rose, 1972,see the explanation above
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EXPLANATION
STRATIGRAPHY
Members from Rose, 1972 (see fig. 2)

C, M, L, and C = cyclic, marine, leached, and collapsed
members, undivided

Rd = regional dense member
6 = grainstone member

K and D = Kirschberg evaporite and dolomitic
member, undivided

Bn = basal noduiar member

LITHOLOGY

Fosstl allochems
89 miliolid foraminifera
£ caprinid rudistid
£€? Toucasia rudistid
< gastropod
7~ other mollusc fragmeats
Mineral constituents
/777 dolomitic (otherwise caleitic)
A chert
0O pyrite
LT single crystal caicite or aggregate
I caicite crystal druse
®XI? celestiter
" e pyrite replaced allochems, “BRBs* - black
® * rotund bodfes
Sedimentary structures

#~~ pressure solution boundaries and/or clay seams
= algal laminations
U™ burrow

Tectonic structures

# filled microfracture

TEXTURES

®» = mudstone

W = wackestone
p = packstone
g = grainstone
(Dunham, 1962)

DIAGENETIC FEATURES

F = fron stains

A = altered (associated with late fresiwater
diagenesis)

0?7 = dedolomite?
CE? = calcitized evaporites

POROSITY

BP = interparticie

WP = intraparticle

BC = intercrystal

M0 = moldic

(Choquette and Pray, 1970)

n = negiigible

poor, fair, and good are qualitative modifiers

NOTE: Cuttings collected at approximately 10-toot
intervais.




General descriptions of drill cuttings, well C-1

Munsell (1967) color chart notation: Hue value/chroma (example, 10YR 7/1)
[ft, feet; mm, millimeter]

Depth
(ft)

824-834 LIMESTONE: MUDSTONE
-10YR 7/1
-pyrite present
-porosity negligibie

834-845 LIMESTONE: MUDSTONE
Ls: mudstone (20 percent)
-10YR 6/1
-pyrite present
-porosity negligibie

Ls: mudstone (80 percent)

-10YR 8/2

-gastropods rare (replaced by sparry caicite)
-calcite crystal aggregates present

-porosity negligible

845-855 LIMESTONE: MUDSTONE - WACKESTONE
-10YR 8/2
~dense
-Toucasia fragments present
-pelecypod (other bivalves) fragments rare
-filled microfractures common -
-pressure solution boundaries and/or clay seams present
-porosity negligible

855-865 LIMESTONE: MUDSTONE - WACKESTONE
-10YR 8/2; 7/1
-Toucasia fragments present
-pelecypod fragments present
-recrystalized areas(?) observed (5 percent of cuttings)
-pressure solution boundaries and/or clay seams present
-porosity negligible

865-877 LIMESTONE: MUDSTONE - WACKESTONE - PACKSTONE
-10YR 7/1
-turritelid gastropods rare
-Toucasia fragments rare
-pressure solution boundaries and/or clay seams present
-poorly sorted, fossil fragment wackestone - packstone with good interparticle porosity
-porosity negligible except in above mentioned wackestone - packstone

877-887 LIMESTONE: WACKESTONE -~ PACKSTONE
-10YR 7/1
-poorly sorted, fine to medium-grained, fossil fragment packstone
-caprinid fragments present
-pressure solution boundaries and/or clay seams present
-interparticie (and possibly moldic) porosity good

887-897 LIMESTONE: WACKESTONE - PACKSTONE
-10YR 7/1 .
-fine to medium-grained, fossil fragment wackestone - packstone
-caprinid fragments rare
-dark brown chert common
-interparticle porosity poorly developed
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Depth
(ft)

897-908

908-918

918-928

928-939

939-949

949-959

General descriptions of drill cuttings, well C-1--Continued

DOLOMITIC LIMESTONE: MUDSTONE

-sucrosic texture

-calcite crystal aggregates rare

-dark brown chert present (from uphole?)

-poor to good moldic porosity - variation in degree of porosity development

DOLOMITIC LIMESTONE: MUDSTONE

-10YR 6/2

-sucrosic texture

-calcite filled fractures present

-pressure solution boundaries and/or clay seams present

-dark brown chert rare

-moldic porosity poor to good; micropores (not necessarily moldic porosity)

DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE
Dolomitic 1s: mudstone (50 percent)

-10YR 6/2

-sucrosic texture

-porosity negligible

Ls: mudstone (50 percent)
-10YR 6/2

-dense

-porosity negligible

Dark brown chert rare

LIMESTONE: MUDSTONE - WACKESTONE - PACKSTONE
Ls: mudstone (40 percent)

-10YR 6/1

-dense

-porosity negligible

Ls: wackestone -~ packstone (60 percent)

-10YR 7/1 :

-miliolid foraminifera present to abundant

-pressure solution boundaries and/or clay seams present
-dark brown chert present

-porosity poor

DOLOMITIC LIMESTONE: MUDSTONE
-10YR 5/2

-sucrosic texture

-filted, hairline fractures present
-brown chert present

-porosity poor

DOLOMITIC LIMESTONE - DOLOMITE: MUDSTONE
Dolomite: altered mudstone (40 percent)
-very dense

-sucrosic texture

-porosity negligible

Dolomitic 1s: mudstone (60 percent)
-10YR 6/2

-sucrosic texture

-filled hairline fractures present
-brown chert rare

-porosity poor
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General descriptions of drill cuttings, well C-1-=Continued

Depth
(ft)

959-971 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE - WACKESTONE
Ls: mudstone - wackestone (50 percent)
-10YR 71 '
-recrystal ized(?)
-Toucasia fragments rare
-sparry areas common
-porosity negligible
Dolomitic 1s: mudstone (50 percent)
-10YR 6/2
-sucrosic texture
-porosity poor
-possibility of dedolomite - cuttings which look 1ike leached dolomitic l1imestone - whiter
coloration

971-981 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE - WACKESTONE
Ls: mudstone - wackestone (50 percent)
=10YR 7/1
-Toucasia fragments rare
-miliolid foraminifera rare to present
-allochems replaced by sparry calcite present
-single, brownish dogtooth spar crystal 6 mm in 1ength observed
-sparry areas present - recrystalized?
-pressure solution boundaries and/or clay seams present
-porosity negligible
Dolomitic 1s: mudstone (50 percent)
-«10YR 7/2
=sucrosic texture
~filled hairline fractures rare
-porosity poor - micropores present

981-991 LIMESTONE: WACKESTONE - PACKSTONE
-10YR 7/1
-miliolid foraminifera common; 1eached, “chalky" appearance
-porosity negligible

991-1,001 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE - WACKESTONE - PACKSTONE
Dolomitic 1s: mudstone (50 percent)
-10YR 6/2

-slightly dolomitic

-very fine-grained sucrosic texture

-pressure solution boundaries and/or clay seams present
-porosity negligible

Ls: wackestone - packstone (50 percent)

-10YR 7/1

-miljolid foraminifera common; 1eached, "chalky" appearance
-calcite crystal aggregate observed

-porosity poor

1,001-1,011 LIMESTONE: MUDSTONE
-10YR 7/2; 6/2
-darker mudstone (6/2) may be slightly dolomitic
-porosity negligible

1,011-1,021 DOLOMITIC LIMESTONE: MUDSTONE
-10YR 6/2
-sucrosic texture
-dolomite content greatly varies
-porosity negligible to poor
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General descriptions of drill cuttings, well C-l-=Continued

Depth
(ft)

1,251-1,261 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE - WACKESTONE -
PACKSTONE - GRAINSTONE
Ls: mudstone - grainstone (90 percent)
-10YR 7/1
-1eached
-pressure solution boundaries and/or clay seams present
-variation in degree of porosity development; grainstone and packstone have moldic and inter-
particle porosity

Dolomitic 1s: mudstone (10 percent)
-10YR 6/2

-dense

-sucrosic texture

-micropores present - porosity poor

1,261-1,271 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE - PACKSTONE
GRAINSTONE
Dolomitic 1s: mudstone (90 percent)
-10YR 6/3
-sucrosic texture
-some cuttings are dense
-variation in degree of porosity development; some moldic porosity
-observed foraminifera mold with elongate, ellipsoidal geometry; not a “typical" miliolid

Ls: packstone - grainstone (10 percent)

-10YR 7/1

-miliolid, fossil fragment packstone - grainstone
-1eached

-porosity poor; some moldic and interparticle

Grayish brown chert present

1,271-1,282 LIMESTONE: WACKESTONE - PACKSTONE - GRAINSTONE
-10YR 7/1
-leached; "chalky" appearance
-miliolid foraminifera common to abundant; 1eached appearance
-fossil fragments present to common
-clear, tabular twinned crystals observed -~ celestite(?)
-grayish brown chert abundant
-porosity poor - moldic and interparticle

1,282-1,292 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE - WACKESTONE -
PACKSTONE - GRAINSTONE
Ls: wackestone - packstone - grainstone (15 percent)
-same as 1,271-1,282 ft with pressure solution boundaries and/or clay seams present

Dolomitic 1s: mudstone (85 percent)

-10YR 6/2 -sucrosic texture

-pressure solution boundaries and/or clay seams present
-variation in degree of porosity development; some moldic

Grayish brown chert present
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General descriptions of drill cuttings, well C-1--Continued

Depth
(ft)

1,189-1,199 LIMESTONE: WACKESTONE - GRAINSTONE
-10YR 7/1
-miliolid foraminifera present to abundant
-calcite cemented grainstone has leached appearance
-brown chert abundant
-moldic and interparticle porosity fair in grainstone

1,199-1,209 LIMESTONE: MUDSTONE - WACKESTONE - GRAINSTONE
-10YR 7/1
-leached, "chalky" appearance
-miliolid foraminifera present to abundant; leached appearance
~brown chert abundant
-approximately 20 percent of sample is miliolid grainstone with moldic and interparticle
porosity (better developed interparticle)
-porosity of wackestone negligible

1,209-1,219 LIMESTONE - DOLOMITIC LIMESTONE - DOLOMITE: MUDSTONE -
WACKESTONE ~ GRAINSTONE
Ls: mudstone - wackestone - packstone (70 percent)
-10YR 7/1
-miliolid foraminifera present to common
~leached appearance
-variation in degree of porosity development - molidic and interparticle

"Dolomitic 1s - dolomite: mudstone and grainstone (30 percent)
-sucrosic texture
-mudstone - moldic porosity (after miliolids foraminifera)
~-dolomitized grainstone with interparticle porosity

1,219-1,229 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE
Ls: mudstone (90 percent)
-10YR 7/1
-“chalky" appearance
-porosity negligible

Dolomitic 1s: mudstone (10 percent)
-10YR 6/2

-sucrosic texture

-micropores present - porosity poor

Grayish brown chert present

1,229-1,239 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE - GRAINSTONE
Dolomitic 1s: mudstone (60 percent)
-10YR 6/2
-dense
-very fine-grained sucrosic texture
-porosity negligible

Ls: mudstone - grainstone (40 percent)

-10YR 7/2

-"chalky" appearance

-part of cuttings are dense calcite cemented miliolid grainstone with negligible porosity

1,239-1,251 LIMESTONE: MUDSTONE
-10YR 7/1
-"chalky" appearance
-pressure solution boundaries and/or clay seams present
-brown chert rare
-a few dolomitic mudstone cuttings present - from uphole?
-porosity negligible
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General descriptions of drill cuttings, well C-l1--continued

Depth
(ft)

1,105-1,115 LIMESTONE: PACKSTONE - GRAINSTONE
-10YR 7/2
-miliol id formaminifera common to abundant
-leached appearance
-moldic and interparticle porosity; better developed than 1,095-1,105 ft

1,115-1,127 LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE
Ls: mudstone (30 percent)
-10YR 7/2
-dense
-porosity negligible

Dolomitic 1s: mudstone (70 percent)
=sucrosic texture

-leached appearance

-possible evaporites

=brown chert present

1,127-1,137 DOLOMITIC LIMESTONE: MUDSTONE
-10YR 7/2
-sucrosic texture
-very fine-grained black, opaque specks present
-micropores present - porosity poor

1,137-1,147 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE
-10YR 7/2
Ls: mudstone (30 percent)
-dense
-porosity negligible

Dolomitic 1s: mudstone (70 percent)
-sucrosic texture
-micropores present

1,147-1,157 LIMESTONE: MUDSTONE - WACKESTONE
-10YR 7/1
-miliolid foraminifera rare to present
-leached appearance
-porosity negligible to poor

1,157-1,167 DOLOMITIC LIMESTONE: MUDSTONE
-10YR 7/2
-sucrosic texture
-rare algal laminations(?); could be pressure solution boundaries, but are uniformly parallel
and ‘horizontal
-calcite crystals present
-calcite filled hairline fractures rare
-variation in degree of porosity development; micropores rare to common; moldic porosity

1,167-1,177 DOLOMITIC LIMESTONE: MUDSTONE
-10YR 6/2
-sucrosic texture
-brown chert present
-variation in degree of porosity development; some moldic porosity; micropores present

1,177-1,189 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE
-10YR 7/1
-very leached - "chalky" appearance
-calcite crystal aggregates present
-porosity negligible to fair; some moldic porosity in dolomitic 1imestone which has leached
appearance
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General descriptions of drill cuttings, well C-1--Continued

Depth
(ft)
1,021-1,032 DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
-10YR 7/2
-slightly dolomitic
-leached

-Toucasia fragments present in recrystalized (?) matrix (calcitic)
-micropores present - porosity poor

1,032-1,042 LIMESTONE: WACKESTONE
' -10YR 7/1
~1eached appearance
-calcite crystal aggregates present
-moldic porosity fair

1,042-1,052 LIMESTONE: MUDSTONE - WACKESTONE
-10YR 7/1
-dense
-miljolid foraminifera present; 1eached appearance
-pressure solution boundaries and/or clay seams present
-porosity negligible

1,052-1,064 LIMESTONE: MUDSTONE
-10YR 6/2
-dense
-pressure solution boundaries and/or clay seams present
-porosity negligible

1,064-1,074 LIMESTONE: MUDSTONE - WACKESTONE - PACKSTONE - GRAINSTONE
" Ls: mudstone (80 percent)
=10YR 7/1
~dense
-porosity negligible

Ls: wackestone - packstone - grainstone (20 percent)
-leached appearance
-grainstone has moldic porosity; variation in degree of porosity development

1,074-1,084 LIMESTONE: PACKSTONE - GRAINSTONE
-10YR 7/1 .
-miliolid foraminifera common to abundant
-leached appearance
-moldic and interparticle porosity

1,084-1,095 LIMESTONE: MUDSTONE -~ WACKESTONE - PACKSTONE - GRAINSTONE
Ls: mudstone (5 percent)
-dense micrite: observed single cutting with apparent miliolid grainstone contact
-rare dolomitic cuttings; sucrosic texture

Ls: wackestone - packstone - grainstone (95 percent)
-miliolid foraminifera present to abundant

-1 eached appearance

-grainstone has moldic and interparticle porosity

Brown chert rare

1,095-1,105 LIMESTONE: PACKSTONE - GRAINSTONE
-10YR 7/2 A
-mil folid foraminifera common to abundant
-leached appearance
-pressure solution boundaries and/or clay seams present
-moldic and interparticle porosity poor
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General descriptions of drill cuttings, well C-l--Continued

Depth
(ft)

1,292-1, 302 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE ~ WACKESTONE ~ PACKSTONE
Dolomitic 1s: mudstone (50 percent)
-10YR 6/2
-sucrosic texture
-moldic (after foraminifera) porosity fair

Ls: mudstone - wackestone - packstone (50 percent)
-10YR 7/1

-leached appearance

-miliolid foraminifera rare to common

-fossil fragments present (in wackestone - packstone)
~porosity negligible to poor

1,302-1,313 LIMESTONE: WACKESTONE - PACKSTONE ~ GRAINSTONE
-10YR 7/1
~-leached appearance
-fossil fragments present
-mitiolid foraminifera common to abundant
~grayish brown chert rare
-interparticle porosity fair to good (in packstone - grainstone)
-rare dolomitic mudstone cuttings

1,331,323 DOLOMITIC LIMESTONE ~ LIMESTONE: MUDSTONE - WACKESTONE
Dolomitic 1s: mudstone (60 percent)
-10YR 6/2
~sucrosic texture
-pressure solution boundaries and/or clay seams present
~-celestite(?) rare
-moldic porosity poor

Ls: mudstone - wackestone - packstone (40 percent)
-same as 1,302-1,313 ft

1,323-1,333 LIMESTONE: MUDSTONE
-10YR 7/1
-pressure solution boundaries and/or clay seams present
-porosity negligible

1,333-1, A5 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE
-10YR 6/2
~dense
~dolomitic cuttings have very fine-grained sucrosic texture
-pressure solution boundaries and/or clay seams present
-porosity negligible

1, 345~1, 355 DOLOMITIC LIMESTONE - LIMESTONE: MUDSTONE - WACKESTONE

-10YR 7/1

-slightly dolomitic to calcitic

-BRB's ("black rotund bodies") present to common - probable pyrite replaced fossil allochems
and fecal pellets; refer to Mench-Ellis (1985, p. 152) for extensive explanation of pyrite
in basal nodular member

-pressure solution boundaries and/or clay seams present

-porosity negligible

1,355-1, 365 LIMESTONE: MUDSTONE - WACKESTONE
~-10YR 7/1
-miliolid foraminifera present
-BRB's present to rare
-pressure solution boundaries and/or clay seams present
-porosity negligible
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General descriptions of drill cuttings, well C-l1--Continued

Depth
(ft)

1,365-1,376 LIMESTONE: MUDSTONE - WACKESTONE
-same as 1,355-1,365 ft

1,376-1, 386 DOLOMITIC LIMESTONE: MUDSTONE
10YR 6/2
-sucrosic texture
-moldic porosity poor to good variation in degree of porosity development

1, 386-1, 396 DOLOMITIC LIMESTONE: MUDSTONE
-10YR 7/1
-color much lighter than 1,376-1,386 ft
-majority of cuttings have very fine-grained sucrosic texture
-approximately 30 percent of cuttings exhibit moldic porosity like 1,376-1,386 ft, 1n
remainder, porosity is negligible
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Owner:

Drilling started:

Well completed:

Location:

Altitude of
land surface:

Total test depth:

Casing depth:

Depth to
formation tops:

Geophysical logs:

Borehole surveys:

Flow tests:

Monitored depth
interval:

Water-quality data:

Well summary, well C-2

AY-68-37-525
San Antonio City Water Board
12-12-85
1-22-86
350 Coliseum Road, Willow Springs Golf Course,
San Antonio, Texas
624 feet above sea level
1,150 feet
9-5/8 inch casing to 832 feet
2-3/8 inch casing to 1,089 feet

Navarro Group and

Taylor Marl, undivided------ surface
Anacacho Limestone-=--====== 404 feet
Austin Group-===ceceecccenn" 550 feet
Eagle Ford Group-=-===-eee-- 668 feet
Buda Limestone----cccccecea- 700 feet
Del Rio Clay==-e--cocececun- 756 feet
Georgetown Limestone-------- 820 feet

Edwards Group (Rose, 1972)-- 841 feet
Natural gamma

Caliper

Spontaneous potential

Resistivity
None
Cumulative-depth
Interval
1,072-1,150 feet - Gravel pack
1,089-1,140 feet - Screen

Field measurements and selected inorganic constituents
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HYDROGEOLOGIC DATA
Site D

-66-



Gembler Rd.

Aniol St.

Artesia
Artesia pump station

DN

No. 1
Artesia No. 3

Well site D -

\ . .Menger e '
' \C’eek / . Willow Springs
T — \ Golf Course
Coliseum (
Exposition :
Grounds \
n
(N
[-°3
o
(] 500 1000 FEET °
b T by — (@]
o 100 200 300 METERS %
x
E. Houston St.
|

Location map of well site D
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Well summary, well D-1

AY-68-37-526

Owner: San Antonio City Water Board
Drilling started: 2-17-86
Well completed: 4-16-86

Location:

Altitude of
Tand surface:

Total test depth:

Casing depth:

339 Coliseum Road, San Antonio, Texas

(adjacent to Artesia pump station)

641 feet above sea level
1,385 ft

9-5/8 inch casing to 854 feet
2-3/8 inch casing to 1,156 feet

Depth to

formation tops: Navarro Group and
Taylor Marl, undivided--==-- surface
Anacacho Limestone-=-c-c-wu-- 440 feet
Austin Group---==ccceccccaa- 580 feet
Eagle Ford Group~===c-c-c--a 710 feet
Buda Limestone---===c-ceua-- 742 feet
Del Rio Clay---==eccccacana- 798 feet
Georgetown Limestone-------- 844 feet
Edwards Group (Rose, 1972)--. 856 feet
Glen Rose Formation----=c-=- 1,362 feet

Geophysical logs: Natural gamma
Caliper
Spontaneous potential
Resistivity

Borehole surveys:

Flow tests:

Monitored depth
interval:

Focused resistivity
Acoustic velocity

Spinner survey
Fluid temperature
Fluid resistivity
Continuous acoustic televiewer
Downhole television survey

Cumulative-depth
Drawdown test
Interval

1,148-1,223 feet - Gravel pack
1,156-1,209 feet - Screen

Water-quality data: Field measurements and selected inorganic constituents
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DIAGENETIC
STRATIGRAPHY LITHOLOGY | TEXTURE | FEATURES [POROSITY
Georgetown |m L] F n
850 — Limestone < L] F n
C’::ﬁ o FA n EXPLANATION
C 0= an? n FA " STRATIGRAPHY
= ¢ p—~ A n Members from Rose, 1972 (see fig. 2)
500 7 ﬁ o — A n C, M, L,and C = cyc\ii;,m:::!ﬁ;dl!:ached. and collapsed
- FaN m FA n Rd = regional dense member
e
) A3 ¢ il FAD? N G = grainstone member
= | C.M,L,
E and N =7 m FA n K and D = Kirschberg evaporite and dolomitic
5 c s mn? w-p A N member, undivided
w Bn = basal nodular member
A n
950 — e [a m
o m=p- FA n
e A P9 LITHOLOGY
o8 7 m-w FA n
& PAGRAS Fossil allochess
7 m-w FAD? n 88 ailiolid foraminifers
ACtsr— mew-p-g FA n ﬁ caprinid rudistid
1000 -] - " FAD? p &7 Toucasia rudistid
? gastropod
C 8 m-w FA " 7~ other mollusc fragments
w Fn_ -3 m-g FA n Mineral constituents
2 2 Rd [ F n //// dolomitic (otherwise calcitic)
& g LT P9 F n 4 chert A
rite
8 1050 - o A 8oy p-g n £] >
single crystal calcite or aggregate
% a ss0 -9 n &J?caléite crystal druse
< @« XX17 celestite?
F n .
~ w L des 9 *  pyrite replaced allochews, "BRBS - black
2 w F n ® * ‘rotund bodies
3 S 868 ]
d o] A ;:7 n Sedimentary structures
100 —
@ 1o < ~ 8 w D? n <~~~ pressure solution boundaries and/or clay seams
= (7] == aigal laminations
w - F
m g 88 =7 m=w-p-g| n —U— burrow
< —~ 84 m-w-g F n
2 ; 7757 Tectonic structures
- F
< S /Y| s " M- tilled microfracture
E 1is0q W N/ mw F n
w w 26 e 3 n TEXTURES
[a] aijr- K AN
o c and " p? n m = pudstone
<] o D NE-XA - - W = wackestone
S| s FF-A~f 9 p = packstone
a E n n g = grainstone
1200 - '2 /[K//d/.-/./ new n (Dunham, 1962)
E /) b///1] s " DIAGENETIC FEATURES
; /-(-///// il " F = {ron stains
A//a//’// m=w-p n A = altered (associated with late freshwater
| = n 5 - sadorntee
1250 A/q/:g/ :—w n CE? = calcitized evaporites
Y= =] ;
POROSITY
— 88 m-p-g WP fair
7 78 ™ BP = interparticle
A////// m " WP = intraparticle
1300 — //8/77/7 /] mw . n BC = intercrystal
///d///// v n M0 = moldic
{Choquette and Pray, 1970)
/ g "
/////// e " n = negligible
o
Sa O 8 mm w n poor, falr, and good are qualitative modifiers
Bn | A/ w-p n
1350 Py o NOTE: ::uttlngls collected at approximately 10-foot
- i Anna - n . intervals.
/=4 M fair
Glen Rose ////// m MO fair
Total Formation TS w MO fai
depth = 1385 LY —

¥ From Rose, 1972,see the expianation above
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General descriptions of drill cuttings, well D-1

Munsell (1967) color chart notation: Hue value/chroma (example, 10YR 7/1)
[ft, feet; mm, millimeter, cm, centimeter]

Depth
(ft)

842-852 LIMESTONE: WACKESTONE
-10YR 6/1
-mollusc fragments present
-disseminated pyrite common
-10 percent of cuttings are iron-stained and altered

852-862 LIMESTONE: MUDSTONE
-10YR 8/1
-dense
-iron stains present
-calcite replaced gastropods rare
-calcite replaced fine- to medium-grained unidentifiable fossil allochems rare
-porosity negligible

862-874 LIMESTONE - ALTERED LIMESTONEL/: MUDSTONE - WACKESTONE
-10YR 8/2
=Toucasia fragments present
-internal cast of caprinid rudist noted
-sparry calcite areas common - replaced allochems
-calcite druses common ‘
-iron stains common
-recrystallized 1imestone present
-porosity negligible

874-884 LIMESTONE - ALTERED LIMESTONE: MUDSTONE
-10YR 8/2
-Toucasia fragments rare
-calcite druses common
-iron stains common
-recrystallized 1imestone present
-tabul ar crystal aggregates (length, 1 cm) - calcite - this crystal habit not observed before
-porosity negligible

884-894 LIMESTONE - ALTERED LIMESTONE: MUDSTONE - WACKESTONE
-10YR 8/2; 8/4 :
Ls: wackestone (50 percent)
-dense, not as altered as mudstone
=Toucasia and mollusc fragments rare
-porosity negligible

Ls: mudstone (50 percent)

-yellow tinged (from oxidized iron)

=calcite crystal aggregates present ‘

-chalcedony, some botryoidal, present; probable source is fossil allochems that were
replaced by chalcedony (microcrystalline quartz)

-recrystallization apparent

-porosity negligible

894-905 . LIMESTONE - ALTERED LIMESTONE: MUDSTONE - WACKESTONE
-10YR 8/2
-mollusc fragments present
-caprinid rudistid fragments rare
-calcite crystal aggregates present
-chalcedony, some botryoidal, present
-note that cuttings are only coarse sand size

1/ Altered 1imestone is here defined as alteration due to late freshwater diagenesis. Examination of petro-

graphic thin sections of rock cuttings is necessary to further positively identify, for example, recrys-
tallized 1imestone or dedolomite,
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General descriptions of drill cuttings, well D-l--Continued

Depth
(ft)

905-915 ALTERED LIMESTONE: MUDSTONE
-1 eached appearance
-recrystall ized
-iron stains present
-brown-gray chert present
-porosity negligible

915-925 LIMESTO?E - ALTERED LIMESTONE - DEDOLOMITE
-10YR 7/1
Ls - Altered 1s: mudstone - wackestone (90 percent)
-dense
-white mollusc fragments present (Chondrodonta?)
-iron stains common
-porosity negligible

Dedol omite(?) (10 percent)
-sucrosic dolomite texture, but reacts profusely with hydrochloric acid
-porosity negligible

Dark brown chert common
Calcite crystal aggregates present

925-937 LIMESTONE - ALTERED LIMESTONE: MUDSTONE
-10YR 7/1: 7/4
Ls: mudstone (70 percent)
-dense micrite
-mil iol id foraminifera rare
-porosity negligible

Al tered 1imestone (30 percent)
-iron stains common
-1 eached appearance

Calcite crystal aggregates and parts of single crystals present
Botryoidal chal cedony rare
Brown chert rare (from uphol e?)

937-947 LIMESTONE - ALTERED LIMESTONE: MUDSTONE - WACKESTONE - PACKSTONE
Ls - Al tered 1s: wackestone - packstone (60 percent)
-1 eached :
-mil iol id foraminifera present to common
-calcite cemented packstone
-iron stains present
-porosity negl igible

Ls - Altered 1s: mudstone (40 percent)

~-dense micrite

-observed part of a caprinid rudistid micrite cast
-Toucasia fragments rare

-Tron stains present

Observed single cutting of celestite(?) crystal aggregate

947-957 LIMESTONE - ALTERED LIMESTONE: MUDSTONE
-10YR 7/1
-dense micrite
-probabl e recrystallization
-light brown chert rare
-porosity negligible
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General descriptions ot drill cuttings, well D-l--Continued

Depth
(ft)

957-968 LIMESTONE - ALTERED LIMESTONE: MUDSTUNE - PACKSTONE - GRAINSTONE
-10YR 7/1
Ls: mudstone (90 percent)
-dense
-some cuttings have chal ky appearance
-iron stains present
-porosity negl igible
Ls: packstone - grainstone (10 percent)
-calcite cemented
-iron stains present
-porosity negligible
Light gray-brown chert present

968-978 LIMESTONE - ALTERED LIMESTONE: MUDSTONE - WACKESTONE
-10YR 8/2
-some cuttings have 1eached appearance
-Toucasia fragments present to rare
-miTiolid foraminifera present to rare
-dense micrite cuttings present
-single calcite crystal pieces and aggregates rare
-observed mollusc shell fragment partially replaced by chalcedony
-iron stains present
-dark gray chert rare
-porosity negl igible

978-988 LIMESTONE - ALTERED LIMESTONE - DEDOLOMITE(?): MUDSTONE - WACKESTONE
-10YR 8/1
-dense micrite cuttings present
-a few large cuttings which have altered sucrosic texture with sparry areas - probable dedolo-
mite
-dark, ferrous precipitate present on severely altered cuttings
-calcite crystal s present; noted 1arge aggregates of etched calcite crystals coated with

iron oxide precipitate
988-1 ,000 LIMESTONE - ALTERED LIMESTONE: MUDSTONE - WACKESTONE - PACKSTONE - GRAINSTONE

Ls - Altered 1s: mudstone - wackestone (90 percent)
-Toucasia fragments rare
-Tron-stained highly altered 1imestone cuttings common with iron oxide precipitates

Ls: packstone - grainstone (10 percent)

-mil iol id foraminifera common to abundant

-calcite cemented

-porosity negligible

-calcite crystal aggregates and pieces of single crystals present
-11ght brown - gray chert present

1,000-1,010 LIMESTONE - ALTERED LIMESTONE - DEDOLOMITE(?): MUDSTONE
Ls: mudstone (50 percent)
-10YR 7/1
-dense
~porosity negligible

Al tered 1s - Dedolomite(?) (50 percent)

-iron-stained yellowish

-recrystallization common

-possible dedol omite

-observed 1arge cutting which exhibits 1eaching of preferentially dol omitized burrow infill;
burrow infill is altered and yellow tinged
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General descriptions of drill cuttings, well D-1--Continued

Depth
(ft)
1,010-1,020 LIMESTONE - ALTERED LIMESTONE: MUDSTONE - WACKESTONE
-10YR 8/1
Ls: mudstone - wackestone (80 percent)
-dense

-Toucasia fragments rare to present
-miliol id foraminifera present
-porosity negl igible

Al tered 1s (20 percent)
-iron-stained yellow

-iron oxide precipitate present
-sparry calcite areas
-porosity negligible

1,020-1,031 LIMESTONE - ALTERED LIMESTONE: MUDSTONE - GRAINSTONE
-10YR 8/1
-miliolid foraminifera rare to common
-calcite cemented grainstone
-iron stains present
-porosity negligible

1,031-1,041 LIMESTONE: MUDSTONE
-regional dense member
-10YR 7/3
-dense
-iron stain tinge common
-slightly argillaceous
-porosity negligible

1,041-1,051 LIMESTONE: PACKSTONE - GRAINSTONE
-grainstone member
-10YR 8/1
-calcite cemented
-miliol id foraminifera common to abundant
-iron stains present
-porosity negl igible

1,050-1,063 LIMESTONE: PACKSTONE - GRAINSTONE
-same as 1,041-1,051 ft
-light brown chert rare

1,063-1,073 LIMESTONE: PACKSTONE - GRAINSTONE
-10YR 8/1
-calcite cemented
-mil{ol id foraminifera abundant; other 1arger "miliolid }ike" foraminifera al so present
-porosity negligible

1,073-1,083 LIMESTONE: PACKSTONE - GRAINSTONE
-10YR 8/1
-cal cite cemented
-miliol id foraminifera common to abundant
-mollusc fragments rare
-iron stains rare
-1ight gray chert rare
-porosity negligible

-73-



General descriptions of drill cuttings, well D-1--Continued

Depth
(ft)

1,083-1,094 LIMESTONE: PACKSTONE - GRAINSTONE
-10YR 8/1
-mil iol id foraminifera common to abundant
-calcite cemented
-few dense micrite cuttings observed
-iron stains common to present
-porosity negl igible

1,094-1,104 CALCITIZED EVAPORITES?

-10YR 8/4

-iron tinged yellow

-sparry calcite cuttings with rare micrite matrix

-uphol e gray chert present

-see photographs of brecciated evaporite in which evaporites have been replaced by coarsely
crystalline calcitic spar in core from TD-69-39-504 (Medina Co.), as reported by Mench-Eilis
(1985, p. 251, 253)

1,104-1,114 LIMESTONE - DEDOLOMITE - CALCITIZED EVAPORITES: WACKESTONE
-10YR 7/1
Dedol omite(?) (45 percent)
-sucrosic texture
-reacts profusely with hydrochloric acid
-pressure solution boundaries and/or clay seams present

Ls: wackestone (45 percent)
-mil iol id foraminifera common
-porosity negligible

Calcitized evaporites(?) (10 percent)
-same as 1,094-1,104 ft

1,114-1,126 LIMESTONE: MUDSTONE - WACKESTONE - PACKSTONE - GRAINSTONE
-10YR 8/1
-calcite cemented miliolid, fossil fragment grainstone with negl igible porosity
-miliol id foraminifera present to common in other textures
-iron stains present .
-calcite crystals present; doubly terminated scal enohedron noted; twinned scalenohedra noted
- these samples kept separate
-porosity negligible

1,126-1,136 LIMESTONE: MUDSTONE - GRAINSTONE
Ls: mudstone - grainstone (40 percent)
-10YR 8/1
-dense micrite
-minor amount of calcite cemented miliol id grainstone
-iron stains present
-porosity negligible

Ls: mudstone - wackstone (60 percent)

-10YR 6/1

-may be dolomitic )

-miliolid foraminifera and mollusc fragments rare
-pressure solution boundary and/or clay seams present
-porosity negligible
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General descriptions of drill cuttings, well D-l--Continued

Depth
(ft)

1,136-1,146 LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE - GRAINSTONE
Dolomitic 1s: mudstone (90 percent)
-10YR 7/1
-sucrosic texture
-calcite - blocky spar present
-single cutting with probable algal 1aminations
-possible celestite(?) rare
-porosity not interconnected
-micropores common

Ls: wackestone - grainstone (10 percent)
-10YR 8/1

-cal cite cemented mil iol id grainstone
-iron stains present

-porosity negl igible

1,146-1,157 LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
-Note - majority of cuttings are very fine and difficult to examine
-dolomitic 1imestone with sucrosic texture
-1 imestone - mil iolid foraminifera present and minor amount of calcite cemented miliol id
grainstone ’ .
-iron stains present in 1imestone cuttings
-cel estite(?) rare
-brown chert present

1,157-1,167 LIMESTONE - DOLOMITIC LIMESTONE: WACKESTONE - GRAINSTONE
-10YR 8/2
-Note - majority of cuttings are very fine and difficult to examine
Ls: wackestone - grainstone (90 percent)
-cal cite cemented miliolid grainstone
-Toucasia fragments present to rare
-porosity negligible

Dolomitic 1s: mudstone (10 percent)
-sucrosic texture

-iron stains present

-dark brown chert common

1,167-1,177 DOLOMITIC LIMESTONE - DEDOLOMITE(?): MUDSTONE
-10YR 7/1
Dedol omite? (80 percent)
-altered grainstone - moldic porosity resulting from dissol ved miliol id foraminifera in
matrix with remnant sucrosic texture
-poorly interconnected moldic porosity

Dolomitic 1s: mudstone (20 percent)
-sutrosic texture
-porosity negl igibl e

Noted few iron-stained 1imestone cuttings - uphol e?

1,177-1,189 LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - GRAINSTONE
Ls: mudstone - grainstone (90 percent)
-mil iol id grainstone has 1eached appearance
-Toucasia fragments present
-predominantl y mudstone

Dol omitic 1s: mudstone (10 percent)
-sucrosic texture
-porosity negligibl e

Dark brown chert common
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Depth
(ft)

1,189-1,199

1,199-1,209

1,209-1,220

1,220-1,230

1,230-1,240

1,240-1,251

1,251-1,261

General descriptions of drill cuttings, well D-1--Continued

LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE
-10YR 7/2

Ls: mudstone (60 percent)

-dense

-sl ightly argillaceous micrite

-porosity negligible

Dolomitic 1s: mudstone (40 percent)
-sucrosic texture
-porosity very poor

LIMESTO?E - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
-10YR 6/2

-pressure solution boundaries and/or clay seams present
-miliol id foraminifera present to rare

~dark brown chert common

-porosity negligible

LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE - PACKSTONE
-Note - cuttings are powdery and difficult to examine

-10YR 7/1

-miliol id foraminifera common to present

-unidentified fossil fragments present

-porosity poor to negl igible

LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE - PACKSTONE
-Note - cuttings powdery and difficult to examine

-10YR 7/1

~-dense calcitic mudstone

-sl ightly dolomitic miliol id, fossil fragment wackestone - packstone
-pressure solution boundaries and/or ¢lay seams rare

-porosity poor to negligible

LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE - PACKSTONE
-Note - cuttings are powdery and difficult to examine

-10YR 7/1

-predominantly mudstone - wackestone

-mil 1ol id foraminifera present

-dark brown chert present

-porosity negligible

LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE

-Note - cuttings are powdery

-10YR 7/1

-mil ol id foraminifera present

-iron stains present associated with calcite crystal aggregates
-dark brown gray chert present

-porosity negl igible

LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
Dolomitic 1s: mudstone (80 percent)

-10YR 6/3

-sucrosic texture

-calcite crystal aggregates and druses present

-dark brown-black chert present

-porosity poor

Ls: wackestone (20 percent)
-10YR 8/1
~-Toucasia fragments present
-sparry areas common - calcite replaced fossil fragments
-porosity negl igible
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General descriptions of drill cuttings, well D-1--Continued

Depth
(ft)

1,261-1,271 LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
-10YR 7/1
-miliol id foraminifera present
-calcite crystal aggregates present; penetration twins noted
-pressure solution boundaries and/or clay seams present
-porosity negl igible

1,271-1,281 LIMESTONE: MUDSTONE AND PACKSTONE - GRAINSTONE
-10YR 7/1
-pressure solution boundaries and/or clay seams present
-miliol id, fossil fragment grainstone has fair intraparticle porosity

1,281-1,291 LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
-Note - cuttings are powdery and difficult to examine
Ls: wackestone (60 percent)
-10YR 7/1
-miliol id foraminifera present
-porosity negligible

Dolomitic 1s: mudstone (40 percent)
-sucrosic texture
-celestite(?)

Brown chert rare

1,291-1,301 LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
-Note - cuttings are powdery and sand size; difficult to examine; probable “contaminated"
sampl e
-iron stained, sand size cuttings common
-coarse sand size calcite crystal pieces common
-cal cite cemented grainstone present
-brown chert present

1,301-1,312 LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
-Note - cuttings are powdery and difficult to examine; probable “contaminated" sampie
-iron stained, sand size cuttings common
-coarse sand size calcite crystal pieces common
-cal cite cemented grainstone present
-brown chert present

1,301-1,312 LIMESTONE - DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
-Note - cuttings are powdery and difficult to examine
-10YR 7/1
-miliol id foraminifera present
-some cuttings have dolomitic sucrosic texture
-porosity negl igible

1,312-1,322 LIMESTONE DOLOMITIC LIMESTONE: MUDSTONE - WACKESTONE
-10YR 7/1
-same as 1,301-1,312 ft

1,322-1,332 LIMESTONE: WACKESTONE

-10YR 7/1

-miliol id foraminifera present to common

-mollusc fragments present )
-BRB's ("black rotund bodies") common - probable pyrite replaced fossil allochems and fecal
pellets; refer to Mench-Ellis (1985, p. 152) for extensive explanation of pyrite in the
basal nodul ar member

-pressure solution boundaries and/or clay seams common

-porosity negligible
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Depth
(ft)

1,332-1,344

1,344-1,354

1,354-1,364

1,364-1,375

1,375-1,385

General descriptions of drill cuttings, well D-1--Continued

LIMESTONE - DOLOMITIC LIMESTONE: WACKESTONE - PACKSTONE
-mil fol id foraminifera common

-BRB's present to common

-1arge mudstone cutting with fine pyrite crystals observed
-few calcite crystal s observed

-1ight gray chert common

-porosity negligible

LIMESTONE - DOLOMITIC LIMESTONE: WACKESTONE - PACKSTONE
-miliol id foraminifera common to present

-BRB's common to present

-pressure sol ution boundaries and/or clay seams present
-porosity negl igible

DOLOMITIC LIMESTONE: MUDSTONE

-10YR 7/1

Dolomitic 1s: mudstone (50 percent)
-sucrosic texture

-moldic porosity (after foraminifera) fair

Dolomitic 1s: mudstone (50 percent)
-dense

-very fine sucrosic texture
-porosity negligible

Calcite crystal s present

DOLOMITIC LIMESTONE: MUDSTONE
-same as 1,354-1,364 ft

DOLOMITIC LIMESTONE: MUDSTONE

-10YR 6/1

-sucrosic texture

-variation in percent of moldic porosity
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Well summary, well-D-2

AY-68-37-527
Owner: San Antonio City Water Board
Drilling started: 4-23-86
Well completed: 5-07-86
Location: 339 Coliseum Road, San Antonio, Texas

(adjacent to Artesia pump station)

Altitude of
1and surface: 641 feet above sea level

Total test depth: 926 feet

Casing depth: 7-5/8 inch casing to 873 feet
2-3/8 inch casing to 874 feet

Depth to

formation tops: Navarro Group and
Taylor Marl, undivided------ surface
Anacacho Limestone-=-=====-= 444 feet
Austin Group--==<c-ccccecaa- 595 feet
Eagle Ford Group---=====aca- 715 feet
Buda Limestone-----=--cccza- 746 feet
Del Rio Clay--=--eccccacaca- 804 feet
Georgetown Limestone--=--=--- 864 feet
Edwards Group (Rose, 1972)-- 875 feet

Geophysical logs: Natural gamma
Caliper
Spontaneous potential
Resistivity

Borehole surveys: None

Flow tests: Interval flow test

Monitored depth
interval: 874-926 feet - Open hole

Water-quality data: Field measurements and selected inorganic constituents
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Table 5.--Field data for cumulative-depth flow tests

[ft, feet; gal/min; gallons ner minute]

Water Tevel 1/ Water Tevel 1/

Date and time above land-surface Discharge 2/ Remarks Date and time above land-surface Discharge 2/ Remarks
datum (ft) (gal/min)~ datum (ft) (gal/min)
Well: AY-68-37-521 (A-1) Well: AY-68-37-521 (A-1)--Continued
Interval: 965-1,019 feet Test number: 3--Continued
Test number: 1
July 24, 1985--Continued
July 22, 1985 1455 36.96
1445 - 96 Start of flow. 3/ 1500 37.08
1500 - 96 - 1505 37.08
1515 - 96 1510 37.08
1527 - 96 1515 37.19
1535 - 96 1520 37.19
1545 - End of flow, begin 1525 37.19
1545:30 21.94 recovery. 1530 37.08
1546 35.11 1535 37.08
1547 39.38 1540 37.08
1548 39.27 1545 37.08 End of test.
1549 39.73
1550 39.73
1554 39.84 Interval: 965-1,175 feet
1557 39.84 Test number: 4
1600 39.84
1605 39.96 July 25, 198§
1610 39.96 0927 - 341 Start of flow. 3/
1615 39.96 0942 - 341
1620 39.96 0957 - 341
1630 39.96 1012 - 341
1645 39.96 End of test. 1022 - 341
. 1027 - End of flow, begin
1027:30 31.76 recovery.
Interval: 965-1,071 feet 1028 32.69
Test number: 2 ) 1029 34.19
1030 35.00
July 23, 1985 1031 35.57
2015 - 151 Start of flow. 3/ 1032 35.92
2030 - 151 - 1033 36.04
2035 - 151 1034 36.15
2045 - 151 1035 36.27
2100 - 151 1036 36.38
2107 - 151 1037 36.38
2110 - 151 1042 36.50
2115 - End of flow, begin 1047 36. 61
2115:30 27.72 recovery. 1052 36.61
2116 35.46 1057 36.61
2117 37.08 1112 36.61
2118 37.42 1127 36.61 End of test.
2119 37.54
2120 37.65
2125 37.65 Interval: 965-1,228 feet
2130 37.65 Test number: §
2135 37.65
2140 37.65 July 25, 1985
2145 37.65 1840 - 481 Start of flow. 3/
2150 37.65 1855 - 481 -
2158 37.65 1910 - 481
2200 37.65 1925 - 48<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>