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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
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