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Surface-Geophysical Characterization of Ground-Water
Systems of the Caloosahatchee River Basin,

Southern Florida

By Kevin J. Cunningham?, Stanley D. Locker?, Albert C. Hine?, David Bukry?3,

John A. Barron3, and Laura A. Guertin#

Abstract

The Caloosahatchee River Basin, located in
southwestern Florida, includes about 1,200 square
miles of land. The Caloosahatchee River receives
water from Lake Okeechobee, runoff from the water-
shed, and seepage from the underlying ground-water
systems; theriver loseswater through drainage to the
Gulf of Mexico and withdrawals for public-water
supply and agricultural and natural needs. Water-use
demands in the Caloosahatchee River Basin have
increased dramatically, and the Cal oosahatchee could
be further stressed if river water is used to accommo-
date restoration of the Everglades. Water managers
and planners need to know how much water will be
used within the river basin and how much water is
contributed by L ake Okeechobee, runoff, and ground
water.

In this study, marine seismic-reflection and
ground-penetrating radar techniques were used as a
means to eval uate the potential for flow between the
river and ground-water systems. Seven test coreholes
were drilled to calibrate lithostratigraphic units, their
stratal geometries, and estimated hydraulic conductiv-
ities to surface-geophysical profiles.

A continuous marine sei smic-reflection survey
was conducted over the entire length of the Caloosa-
hatchee River and extending into San Carlos Bay.
Lithostratigraphic unitsthat intersect theriver bottom
and their characteristic stratal geometries were
identified. Results show that subhorizontal reflections
assigned to the Tamiami Formation intersect theriver

1U.S. Geological Survey, Miami, Fla.
2University of South Florida, Tampa, Fla.
3U.S. Geological Survey, Menlo Park, Calif.
4Mary Washington College, Fredricksburg, Va.

bottom between Moore Haven and about 9 miles
westward. Oblique and sigmoidal progradational
reflections assigned to the upper Peace River Forma-
tion probably crop out at the floor of theriver in the
Ortona area between the western side of Lake
Hicpochee and La Belle. These reflectionsimage a
regional-scale progradational deltaic depositional
system containing quartz sandswith low to moderate
estimated hydraulic conductivities. In an approxi-
mate 6-mile length of the river between LaBelleand
Franklin Lock, deeper karstic collapse structures are
postulated. These structuresinfluence the geometries
of parallel reflections that intersect theriver channel.
Here, reflections assigned to the Buckingham Lime-
stone Member of the Tamiami Formation (a confining
unit) and reflections assigned to the clastic zone of
the sandstone aquifer likely crop out at the river
bottom. Beneath these shallow reflections, relatively
higher amplitude parallel reflections of the carbonate
zone of the sandstone aquifer are well displayed in
the seismic-reflection profiles. In San Carlos Bay,
oblique progradational reflections assigned to the
upper Peace River Formation are shown beneath the
bay. Almost everywhere beneath the river, adiffuse
ground-water flow system isin contact with the
channel bottom.

Ground-penetrating radar profiles of an area
about 2 miles north of the depositional axis of the
deltaic depositional system in the Ortona area show
that progradational clinoformsimaged on seismic
reflection profiles in the Caloosahatchee River are
present within about 17 feet of the ground surface.

Abstract 1



Ground-penetrating radar profiles show southward
dipping, oblique progradational reflections assigned
to the upper Peace River Formation that are termi-
nated at their tops by atoplapping or erosional
discontinuity. These clinoformal reflectionsimage
clean quartz sand that is probably characterized by
moderate hydraulic conductivity. This sand could be
mapped using ground-penetrating radar methods.

INTRODUCTION

The Caloosahatchee River Basinislocated in
southwestern Florida and includes approximately
1,200 miZ2 of land (LaRose and McPherson, 1980).
The Caloosahatchee River receives water from Lake
Okeechobee, runoff from the watershed, and seepage
from the surficial aquifer system. The river empties
into the Gulf of Mexico behind Sanibel and Pine
Islands near Fort Myers (fig. 1), and supplies water
for public, agricultural, and natural needs. Water-use
demands in the Caloosahatchee River Basin have
increased dramatically and could be further stressed if
used to accommodate restoration of the Everglades
(Dabbs, 1998). To determine how much water, if any,
can be diverted for restoration, water managers and
planners need to know how much water will be used
within theriver basin, and how much water is contrib-
uted to theriver by Lake Okeechobee, runoff, and
ground water. An integrated surface-water/ground-
water mode is being used by the South Florida Water
Management District (SFWMD) to develop awater
budget for the Caloosahatchee River Basin based on
current usage in order to predict the effects of water-
management alternatives (Dabbs, 1998). To better
assess the hydraulic connection between the Caloosa-
hatchee River and the underlying aquifer systems used
in the model, the U.S. Geological Survey (USGS), in
cooperation with the SFWMD, initiated a study to
provide a high-resolution geophysical and hydrogeo-
logic framework for the aquifer systems underlying
the Caloosahatchee River Basin.

Purpose and Scope

The purpose of thisreport is to characterize the
hydrogeol ogic framework of ground-water systems
that are being simulated by the integrated ground-
water/surface-water model for the Cal oosahatchee

River Basin. Thisis accomplished through the interpre-
tation of geophysical, lithologic, micropaleontological,
and strontium-isotope data.

Depth to geologic contacts and hydrogeol ogic
units, orientation of bedding, lithologic types and
thickness, and sequence stratigraphy are interpreted
from seismic-reflection and ground-penetrating radar
(GPR) profiles. Lithologic descriptions of seven test
coreholes are linked to the geophysical interpretations
to provide an accurate hydrogeol ogic framework.
Micropaleontologic and strontium-isotope data provide
temporal constraintsthat guide correlation of reflections
on seismic profiles and of lithologic unitsin cores.

Previous Studies

Few surface-geophysical surveys have been
collected in the area of the Caloosahatchee River
Basin. Missimer and Gardner (1976) demonstrated the
benefits of linking the hydrology of Lee County, Fla,
to subsurface geologic features on seismic profiles,
including lithostratigraphic boundaries, bedding orien-
tation, paleochannel-fills, and lithology. Wolansky and
others (1983) correlated seismic-stratigraphic units to
the hydrologic units of the surficial and intermediate
aquifer systemsin an areaincluding Charlotte Harbor
and Venice in southwestern Florida. Lewelling and
others (1998) showed how seismic-reflection data can
contribute to the identification of geologic featuresthat
could act as potential conduits for the exchange of sur-
face water in the Peace River and underlying aquifers
in west-central Florida. About 8 mi of single-channel
and multichannel airgun data have been collected on
the inland river section of the Caloosahatchee River
and about 5.5 mi in the Caloosahatchee River estuary
and San Carlos Bay (Scholz and Cunningham, 1997).
Specific hydrogeol ogic features that can be inferred
from GPR profilesinclude sediment types and thickness
(Beres and Haeni, 1991), karst features (Barr, 1993;
McMechan and others, 1998), subaerial-exposure
surfaces (Kruse and others, 2000), depth to water table
and clay beds (Johnson, 1992; Barr, 1993), and soil
types and soil conditions (Freeland and others, 1998).
Finally, van Overmeeren (1998) showed the applica
tion of linking radar stratigraphy to hydrogeol ogical
characteristics of the shallow subsurface.

2  Surface-Geophysical Characterization of Ground-Water Systems of the Caloosahatchee River Basin, Southern Fla.



uonoNpoU|

€

82°15 82°00 81°45 81°30 81°15 81°00 80°45

] T " I o X AW J P
oNnN’ 4 = | L I 7/ —
27°00 1 . ! / o
. 2 ' Y W-16944 7 o
J ! GLAQES COUNTY : | l /'r
! R . D Lake o
| W-12849 ‘l‘f Okeechobee / !
1 . 3 g |
! GL-324% Indian £ v‘ﬂl\ I
GL-3 Mound /* ] .. S-77 W /, !
. \ Vi ;o
-nnméw ’ !
26°45’ 759 &~ LaBele | [CRSO6 5 A

O / i
26°30 =
S
(o]
o
T
(&)
<
i
0 15 MILES 2
I J
; <
0 5 10 15KILOMETERS X o
l | | “ ‘
EXPLANATION
O SAND PIT ® L-5809 U.S. GEOLOGICAL SURVEY TEST COREHOLE AND NUMBER--Test
coreholes GL-326 and HE-1118 drilled to support ground-penetrating
radar data. Other test coreholes drilled to assist the seismic-reflection
A == A’ HYDROGEOLOGIC SECTION survey. Test well GL-324 is a monitor well drilled by rotary method
® W-17591 NON-U.S. GEOLOGICAL SURVEY TEST WELL AND NUMBER
TN SEISMIC PROFILE @ CRS06 GROUND-PENETRATING RADAR SURVEY SITE NAME OR
NUMBER--Four seepage meters are located at the CRS06 site
ROAD I S-79 CONTROL STRUCTURE NAME AND NUMBER

Figure 1. The Caloosahatchee River Basin study area showing locations of seismic illustrations, test coreholes drilled for this study, seepage meter sites, ground-
penetrating radar sites, and established test wells. Continuous seismic surveys were run from S-77 at Lake Okeechobee to the bridge crossing the entrance to San
Carlos Bay at the Gulf of Mexico. Segments 1-5 are areas on seismic profiles exhibiting different seismic stratigraphic characteristics.
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METHODS

A multidisciplinary approach was taken to
produce an accurate high-resolution hydrogeologic
framework of the ground-water systems underlying
the Caloosahatchee River Basin. This approach
included the integration of marine seismic-reflection
techniques, GPR methods, core analyses, micro-
paleontology, and strontium-isotope stratigraphy.

Seismic-Reflection Survey

About 180 mi of digital, single-channel, marine
seismic-reflection data were collected along much of
the Cal oosahatchee River and part of San Carlos Bay
(fig. 1). Good seismic penetration was achieved to
more than 250 ms or about 800 ft during the survey.
Problems with intense acoustic reverberations gener-
ated at theriver floor prevented meaningful imagingin
parts of the seismic survey. Muddy sediments or gas,
especially in freshwater environments, can contribute
to reverberations (Snyder and others, 1989; Evans and
others, 1994). The obscured penetration was localized
and sometimes not present across the full width of the
river. For the section of river between structures S-79
and S-77 (fig. 1), lines were run on opposite sides of
the river during traverses upstream and downstream so
that the double coverage could avoid some of the
localized problems caused at the river bottom.

The seismic-reflection survey was collected
using an Elics Delph2 digital acquisition and process-
ing system. A Huntec electrodynamic “boomer” plate
attached to a catamaran sled was used to generate the
underwater acoustical pulse. Thisacquisition unit was
powered by an Applied Acoustics CSP-1000 power
supply at a setting of 700 or 1,000 J. The shot rate

was 1 second with a sampling rate of 8,000 Hz.
An Innovative Transducer ST-5 10-channel hydro-
phone array was used to detect the return pulse.
The range of the recording window was from 0 to
300 ms. Real-time navigational positionswere
obtained using Trimble digital globa positioning sys-
tem equipment. Post-cruise data processing included
bandpass filtering, automatic gain control, and trace
summing.

For seismic data at and close to test coreholes
GL-323, GL-325, GL-327, GL-329, and L-5809
(fig. 1), approximate depth scales for seismic profiles
were calculated from two-way traveltimes using veloc-
ities of 5,315 ft/s above the top of the lower Peace
River Formation (fig. 2) and 8,203 ft/s below the top of
the lower Peace River Formation. These velocities are
based on correlation of test-corehole data to seismic
profiles. The velocities above the top of the lower
Peace River Formation are lower than velocities
reported for similar facies (quartz sand) by Anselmetti
and others (1997). For seismic profileillustrations
herein that do not include test corehol es, approximate
depth scales were calculated using aVp of 5,578 ft/s
above the top of the lower Peace River Formation and
7,218 ft/s below the top of the lower Peace River
Formation. These velocities are more consistent with
the laboratory measurement of Anselmetti and others
(1997). Description and interpretation of seismic-
reflection configuration patterns are based on compari-
son to examples in Mitchum and others (1977).

Ground-Penetrating Radar

The surface-geophysical method of GPR was
used to obtain continuous images of geologic and
hydrogeol ogic units at two sites in the Caloosahatchee
River Basin. The Indian Mound and CRS06 siteswere
chosen for detailed interpretation, owing to the superior
quality of the GPR profiles (fig. 1).

All GPR data were collected using a SIR Sys-
tem-10A+ with adual 100-MHz antenna array manu-
factured by Geophysical Survey Systems, Inc. The
profiles were collected by towing the antennas 55 ft
behind atruck with a connecting rope and cable at a
rate of about 0.5 mi/hr. The separation between the
center point of the antennas was 35 in. Interpretations
were made using RADAN for WinNT software and the
RADAN-to-bitmap conversion utility.

At the Indian Mound site, approximate depth
scalesfor radar profileswere calculated from two-way

4  Surface-Geophysical Characterization of Ground-Water Systems of the Caloosahatchee River Basin, Southern Fla.
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Figure 2. Lithostratigraphic units recognized in the study area, their generalized geology, and relation with hydrogeologic
units. Modified from Olsson and Petit (1964), Hunter (1968), Wedderburn and others (1982), Miller (1986), Smith and Adams
(1988), Missimer (1992), Brewster-Wingard and others (1997), Missimer (1997; 1999), Weedman and others (1999), and

Reese and Cunningham (2000).
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traveltimes employing velocities of 0.49 ft/ns for
unsaturated sand and 0.20 ft/ns for saturated sand
(Davisand Annan, 1989). At the CRS06 site, velocities
were calculated using depths to reflections that could
be determined from positive correlations with aburied
culvert, depth to water table, and test-corehole litholo-
gies. The velocity of unsaturated sand was cal cul ated
at 0.39 ft/ns using atraveltime from ground level to
the measured depth of an exposed metal culvert. The
velocity of saturated sand was calculated at 0.24 ft/ns,
the traveltime between the measured top of the water
table and the measured depth to the top of limestones
of the Caloosahatchee Formation (fig. 2). A velocity
of 0.18 ft/ns was used for saturated limestone. This
value was obtained from Kruse and others (2000) for
saturated near-surface limestones in southern Florida.

Drilling, Well Completion, Geophysical
Logging, and Core Analysis

Seven continuous test coreholes (fig. 1) were
drilled to groundtruth seismic-reflection and GPR sur-
veys. Thetest coreholes were drilled by the FGS using
aFailing 1500 drilling rig that employs a wireline cor-
ing method. Five of the test coreholes are located in
Glades County (GL-323, GL-325, GL-326, GL-327,
and GL-329), onein Lee County (L-5809), and onein

Table 1. Description of wells drilled during this study

Hendry County (HE-1118) as shown in figure 1.

The GL-326 and HE-1118 test coreholes were drilled
to support the GPR data, whereas the other coreholes
were drilled to support interpretation of the seismic-
reflection survey. Three test coreholes (GL-325,
GL-327, and L-5809) were constructed as monitoring
wells using 2-in. diameter dotted, polyvinyl-chloride
casing. An additional monitoring well (GL-324) was
drilled by normal rotary method at a distance of 10 ft
from test corehole GL-323 (fig. 1). Descriptions of the
test coreholes and a normal-rotary well drilled for this
study are given in table 1.

Borehole-geophysical logs collected by the
USGS for six of the test coreholes drilled during this
study include induction resistivity, natural gammaray,
spontaneous potential, and single-point resistance.
The induction-resistivity log was not collected at well
GL-323 because of operational problems with the
borehole-geophysical tool, and no logs were run in
well GL-329 because of the shallow collapse of the
wellbore. Borehole-geophysical toolswere run in
holes filled with drilling mud and cased with 6-in.
diameter steel surface casing set to a depth between
10 and 25 ft below ground level. The data were
collected in digital format and are archived at the
USGS officein Miami, Fla

[Well locations are shown in figure 1. USGS, U.S. Geological Survey; FGS, Florida Geological Survey; MW, monitoring well; WLC, wireline
core; NA, not applicable; NR, normal rotary; PVC, polyvinyl chloride; TW, test well]

Screen interval

Altitude of  Total

Well identifier
USGS Well D””r:n% %and.net Leghl
o] ol EGS type metho ocation tude
number

GL-323 W-18069 ™ WLC SE SEC25 264738
T42S R29E

GL-324 NA MW NR SE SEC25 264738
T24S R29E

GL-325 W-18070 TW, WLC NW SE SEC35 264622
MW T42S R29E

GL-326 W-18073 TW WLC SW SW SEC30 264659
T42S R32E

GL-327 W-18074 TW, WLC SW SEC22 264803
MW T42S R32E

GL-329 W-18075 TW WLC SW SW SEC25 264707
T42S R31E

HE-1118 W-18072 ™ WLC NE SEC19 264408
T43S R31E

L-5809 W-18071 T™W, WLC NE SEC26 264257
MW T43S R27E

INorth American Datum of 1983.
2Ground level.

Longi- measuring depth Well con-

. ; ; struction Depthat Depth at

tudel point?2 drilled ) - . Sand
feat teet material top bottom pack

(feet) (feet) (feet)  (feet)

0812142 21 401 NA NA NA NA

0812142 21 38 2-inchPVC 20 37 6/20

0812338 255 200.75 2-inchPVC 25 55 6/20

0811017 16 395 NA NA NA NA

0810705 14 454 2-inchPVC 40 100 20/30

0811114 34 431 NA NA NA NA

0811555 22 26.75 NA NA NA NA

0813527 8 100 2-inchPVC 41 61 6/20

6 Surface-Geophysical Characterization of Ground-Water Systems of the Caloosahatchee River Basin, Southern Fla.



Core samples were described in the |aboratory
using a 10-power hand lens and binocular microscope
to determine vertical patterns of microfacies, sedimen-
tary structures, lithostratigraphic boundaries and to
estimate hydraulic conductivity. Core-sample descrip-
tions are presented in the appendix. Limestones were
classified by combining the schemes of Dunham
(1962), Embry and Klovan (1971), and Lucia (1995).
Rock colors were recorded by comparing dry samples
to arock-color chart containing Munsell color chips
(Geological Society of America, 1991). Hydraulic con-
ductivity of coreswas visually estimated using a classi-
fication scheme based on local lithologies and physical
properties of sediments devel oped by Fish (1988, table 7).
This scheme distinguishes five categories of hydraulic
conductivity for lithologies within the surficial aquifer
system in Broward County: very high is greater than
1,000 ft/d, high ranges from 100 to 1,000 ft/d, moder-
ate ranges from 10 to 100 ft/d, low ranges from 0.1 to
10ft/d, and very low to nearly impermeableislessthan
0.1 ft/d.

Micropaleontology

Coccaoliths and diatoms were prepared and iden-
tified using standard methods at the USGS Micropale-
ontology Laboratory in Menlo Park, Calif. Coccolith
floras were assigned to the biostratigraphic zones of
Okada and Bukry (1980) with normalized additions of
Subzones CN12a8A, aB, and aC from Bukry (1991).
Diatom floras were dated using the correlations of Barron
(1992). Ages are reported in accordance with the inte-
grated magnetobiochronologic Cenozoic time scale of
Berggren and others (1995).

Information contained in Bock and others
(1971), Poag (1981), and Jones (1994) was used to help
identify benthic foraminifera at the genus level. Paleo-
environmental interpretations are based on Murray’s
(1991) grouping of individual benthic foraminiferal
associations and species into broad depth categories of
inner and outer shelf, which are defined as mean sea
level to approximate water depths of 330 ft and 330 to
660 ft, respectively.

Strontium-lsotope Stratigraphy

Thirteen pelecypod shells and one echinoderm
shell that appeared to be unaltered, based on examina-
tion with a binocular microscope, were collected from

test coreholes GL-323, GL-325, and L-5809 for
strontium-isotope analysis. Five samples were
collected from the Arcadia Formation, six samples
from the Peace River Formation, and three samples
from the Tamiami Formation. Chemical separations
and isotopic analyses were conducted by the Thermal
lonization Mass Spectrometry Laboratory at the
University of Floridain Gainesville. The x-ray diffrac-
tion analyses showed that all samples were composed
of low-magnesium calcite. The within-run precision
for single analyses ranged from 10 to 21 x 106 (20
standard error from the mean). All strontium-isotopic
ratios were normalized to 86Sr/88Sr = 0.1194 and to
SRM-987 = 0.710249 with a 20 error of 23 x 106,
Conversion of 87Sr/86Sr values to ages was derived
from “Look-up Table Version 3:10/99" of Howarth and
McArthur (1997). A value of 1 x 10-¢ was subtracted
from all 87Sr/86Sr values to correct for an interlabora-
tory bias between the University of Florida values and
data presented in the “Look-up Table” of Howarth and
McArthur (1997). The ages are used in accordance
with the integrated magnetobiochronologic Cenozoic
time scale of Berggren and others (1995).

HYDROGEOLOGIC FRAMEWORK

This study focused on the surficial aquifer
system and the intermediate aquifer system or
intermediate confining unit (fig. 2) underlying the
study area. The surficial aguifer system consists of the
water-table aguifer and hydraulically connected units
abovethefirst occurrence of lateraly extensive beds of
much lower permeability. The surficial aquifer system
is composed mainly of sediments and rocks of
Pliocene age (Tamiami Formation) and of Pleistocene
and Holocene ages (fig. 2). The surficial aquifer
system is divided into two aquifers. the water-table
aquifer and the gray limestone aquifer, also called the
lower Tamiami aguifer (Smith and Adams, 1988;
Reese and Cunningham, 2000). The Ochopee
Limestoneisincluded in the gray limestone aquifer of
southern Florida; this major aquifer was defined by
Fish (1988) and investigated over a broad area by
Reese and Cunningham (2000). The water-table
aquifer and the gray limestone aquifer are either
separated by a semiconfining to confining unit or
coincide where confinement is absent (Knapp and
others, 1984; Smith and Adams, 1988; Reese and
Cunningham, 2000).

Hydrogeologic Framework 7



The intermediate aquifer system includes
permeable rock and sediment that lie between the surf-
icial aquifer system and the Floridan aquifer system;
however, the intermediate aquifer system actsasa
confining unit to the Floridan agquifer system in the
study area. The intermediate aquifer system occurs
within the Hawthorn Group and is composed mostly
of a heterogeneous mixture of low-permeability clay,
sandy clay, and dolosilt. Zones of permeable lime-
stone, dolostone, sandstone, sand, and gravel also
occur in this aguifer system. The intermediate aquifer
system has been divided by the SFWMD into the
sandstone aquifer, which lies between the upper
Hawthorn confining zone and the mid- and lower
Hawthorn confining zones; the sandstone aquifer is
composed of aclastic and carbonate zone (Smith and
Adams, 1988).

The Hawthorn Group is composed of the Peace
River Formation and the Arcadia Formation (fig. 2).
Asdefined by Missimer (1999), the Peace River
Formation contains an informal upper and lower
member. These are referred to herein as the upper
Peace River Formation and the lower Peace River For-
mation, respectively (fig. 2). The upper Peace River
Formation is primarily composed of siliciclastic strata.
The lower Peace River Formation is similar to the
underlying Arcadia Formation; both are composed of
limestone as well as dolosilt, sand, and clay.

The Upper Floridan aquifer is composed of
permeable portions of the lower Arcadia Formation,
the Suwannee Limestone, the Ocala Limestone, and
the Avon Park Formation. None of the test coreholes
drilled for this study penetrate rocks of the Upper
Floridan aquifer; however, the seismic-reflection
survey probably contains reflections from strata of
the upper portion of the Upper Floridan aguifer.

GEOPHYSICAL CHARACTERIZATION OF
GROUND-WATER SYSTEMS OF THE
CALOOSAHATCHEE RIVER BASIN

Seismic-reflection and GPR profiles, when
combined with geologic and hydrol ogic data, can con-
tribute substantially to the characterization of hydro-
geologic properties of shallow aquifers and confining
units. A marine seismic-reflection survey and several
GPR surveys were used to characterize the hydrogeo-
logic framework of the ground-water systems of the
Caloosahatchee River Basin. Seven test coreholes

weredrilled to link subsurface hydrogeologic features
to the geophysical profiles. Age constraints determined
by micropal eontologic and strontium-isotope data
were used to correlate reflections on seismic profiles
with lithologic unitsin cores. Interpretations of some
depositional environments were strengthened by
including micropal eontol ogic data.

Marine Seismic-Reflection Survey

The seismic-reflection survey spanned the
Caloosahatchee River and part of San Carlos Bay
(Locker and Hine, 1999). The primary survey area
extends more than 38.5 mi from Moore Haven Lock
(S-77) to the Franklin Lock (S-79) as shown in figure
1. An additional seismic profile from Franklin Lock to
San Carlos Bay (fig. 1) was made, in part, for compari-
son with previous seismic profiles made in San Carlos
Bay by Missimer and Gardner (1976) and Scholz and
Cunningham (1997).

The seismic survey from Moore Haven to San
Carlos Bay has been divided into five seismic-reflection
survey segments as shown in figure 1. The division is
based on similarity of seismic-reflection configura
tions and continuity along discrete lengths of the sur-
vey. An interpretive line drawing of survey segments 1
to 3 and the eastern part of segment 4, between Maoore
Haven and Franklin Lock, is shown in figure 3.

Survey Segment 1

Survey segment 1 contains imaging of the
Tamiami Formation, Peace River Formation, Arcadia
Formation, surficial aquifer system, and intermediate
confining unit (fig. 4). Seismic reflections within the
Tamiami Formation are discontinuous with parallel,
subparallel, and wavy parallel configurations (fig. 4).
Seismic reflections assigned to the Tamiami Formation
drape over the pal eotopography of atruncation surface
at the top of the upper Peace River Formation (fig. 4).
Missimer (1999) reported a 0.2-Ma hiatus at thisdis-
continuity between the Tamiami Formation and upper
Peace River Formation in southwestern Florida.

The presence of the silicoflagellates Dictyocha
ornata africana, D. ornata ornata, and D. ornata
tamarae from mudstones in the middle part of the
Tamiami Formation in test corehole GL-329 and the
lower Tamiami Formation in test corehole GL-327
indicates assignment of these reflections to the late
Pliocene (table 2 and fig. 5). The late Pliocene age for

8 Surface-Geophysical Characterization of Ground-Water Systems of the Caloosahatchee River Basin, Southern Fla.
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Figure 3. Interpretive line drawing based on marine seismic-reflection profiles along the Caloosahatchee River from structures S-77 to S-79. Oblique and sigmoidal

progradational reflections indicate the presence of a regional-scale deltaic depositional system within the upper Peace River Formation approximately between

La Belle and test corehole GL-326.

the lower Tamiami Formation is corroborated
by two ages (2.15 and 1.91 Ma) derived from
strontium isotopes (table 3). Coccoliths from
the base of the Tamiami Formation in test
corehole GL-329 suggest probable correlation
of basal Tamiami reflections to Subzone
CN12aA or to the late-early Pliocene based on
the presence of rare Discoaster surculus and
Fohenoalithus sp. but without Reticul ofenestra
pseudoumbilca (table 4 and figs. 5 and 6).

Correlation of the survey segment 1
seismic-reflection profile to the GL-326 and
GL-329 test coreholes suggests that sediments
of the Tamiami Formation probably crop out
aong the river bottom (about 45 ft below land
surface) at these test corehole locations. Sand
and shells of moderate to high hydraulic con-
ductivity that overlie clay (at 37 ft below land
surface) of very low hydraulic conductivity
are included in the Tamiami Formation at the
GL-326 test corehole (see appendix). Sand of
moderate hydraulic conductivity isincluded in
the upper Tamiami at the GL-329 test corehole
(see appendix). These coreholes suggest that
both the water-table aquifer and the Tamiami
confining zone (fig. 2) of Smith and Adams
(1988) may crop out along the Cal oosahatchee
River bottom in the western part of the survey
segment, and perhaps elsewhere.

In the western part of survey segment 1,
seismic reflections assigned to the upper Peace
River Formation are discontinuous, obligue,
and progradational. These reflections are trun-
cated updip by a prominent seismic-sequence
boundary (fig. 4). The progradational seismic-
reflection patterns of the upper Peace River
Formation likely represent the eastern flank of
addltaic depositional system. The patterns are
similar to prograding deltaic clinoformsiden-
tified in the Fort Myers area by previous
investigators (Missimer and Gardner, 1976;
Evans and Hine, 1991; Scholz and Cunning-
ham, 1997). Closer to Moore Haven, the
reflections within the upper Peace River For-
mation more closely approach ahorizontal and
wavy configuration (fig. 4, easternmost area),
but are widely interrupted by areas of chaotic
reflections that cannot be reliably interpreted.

Geophysical Characterization of Ground-Water Systems of the Caloosahatchee River Basin 9
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Table 2. Occurrence of stratigraphically important silicoflagellate taxa in test coreholes GL-327 and GL-329
[UPR, upper Peace River Formation; LPR, lower Peace River Formation; +, present; -, not present; --, not determined]

Silicoflagellate taxa3

Sample Z'gﬁgtféz' Strati-
depth raphic Subepoch? i
(fegt)l (barren or g uir)ﬂt E Dlg:?]/:;:akla Dictyocha Dictyocha
present) . ornataornata  ornata tamarae
africanus
GL-327

102.5 Present Tamiami Late Pliocene + + +
108.0 Present Tamiami Late Pliocene + + +
109.7 Present Tamiami Late Pliocene + + +
113.4 Present Tamiami Late Pliocene + + +
116.1 Present Tamiami Late Pliocene + + +
120.0 Present Tamiami Late Pliocene + + +
121.2 Present Tamiami Late Pliocene + + +
124.9 Present Tamiami Late Pliocene + + +
130.4 Barren Tamiami - - - _
208.5 Barren UPR — - - o
251.5 Barren UPR - - - -
302.6 Barren UPR - = - =
319.0 Barren UPR - - - -
326.9 Barren UPR — - - o
3375 Barren UPR - - - -
352.5 Barren UPR - = - S
361.2 Barren UPR - - - -
3715 Barren UPR — - - _
383.1 Barren UPR -- - - -
429.0 Barren UPR = = - =
445.2 Barren UPR - - - -
449.2 Barren LPR? = - o -
453.1 Barren LPR? - - - -

Geophysical Characterization of Ground-Water Systems of the Caloosahatchee River Basin 11



Table 2. Occurrence of stratigraphically important silicoflagellate taxa in test coreholes GL-327 and GL-329 (Continued)
[UPR, upper Peace River Formation; LPR, lower Peace River Formation; +, present; -, not present; --, not determined]

Silicoflagellate taxa3

Sample SlfEmil: Strati-
depth elizs graphic Subepoch? Dictyoch
(feetp ~ (barenor Vs P i Dictyocha Dictyocha
present) africanus ornata ornata  ornatatamarae
GL-329
72.9 Present Tamiami Late Pliocene + + -
74.5 Present Tamiami Late Pliocene + - -
76.7 Present Tamiami Late Pliocene + - +
77.9 Present Tamiami Late Pliocene + - -
226.0 Barren UPR -- - - -
243.1 Barren UPR - = - -
270.0 Barren UPR - - - R
282.8 Barren UPR -- - - =
311.8 Barren UPR - - - -
312.1 Barren UPR - - - =
334.5 Barren UPR - - - -
3355 Barren UPR -- - - =
3445 Barren UPR - - - -
366.5 Barren UPR = - - =
367.5 Barren UPR - - - -
382.0 Barren UPR -- = - s
398.0 Barren LPR? - - - -
398.3 Barren LPR? = - = _
411.0 Barren LPR? - - - -
4175 Barren LPR? - = - -

1Below ground surface.
2Subepoch names reported in accordance with integrated magnetobiochronologic time scale of Berggren and others (1995).
3ldentification by David Bukry, U.S. Geological Survey, Menlo Park, Calif.

12 Surface-Geophysical Characterization of Ground-Water Systems of the Caloosahatchee River Basin, Southern Fla.



uiseg JaAlY 9ayd1eyesooled ayl J0 SWalsSAS 191 M-puUnoI9 o uolteziiaioereyd [eaisAydoss

€T

A A’
West USGS East
50 — UNDIFFERENTIATED UNDIFFERENTIATED GL-329 — 50
USGS SFWMD USGS USGS USGS USGS
L-5809 w/f\rga_;egLE W-17591 LAKE FLIRT GL-325GL-323 GL-326 GL-327
Seal / Z//’ UNDIFFERENTIATED Seal y
ea level —| > I— Sea leve
BUCKINGHAM LIMESTONE SEMICONFINING TO TAMIAMI WATERTARLE >
TAMIAMI FORMATION CONFINING /\L - FORMATION <~ s R~
i z- EMICONFINNGTO  ~ —~ ~ — NN SEMICONFINING TO_|
2l 12910 Ma (probably reworked materia) _________ | A A ~. N D 395 CONFNNG.
== UPPER [ FORMATIONSS b B > T RN ST % " feet — < /’ >
PEACE RIVER ] Y = -
-50 — — AN Late /. — -50
FORMATION \\ Y sano Pliocene 2'(12;\'\46 *
— CLASTIC ZONE OF Y, AQUIFER 7 LIMESTONE|
e SANDSTONE AQUIFER ; \ '\ (UNNAMED) AQl(J’I)FER o1
\ — ? B
= = |7 SEMIGONBINING TO — L == Ma
<] CARBONATE ZONE OF ~ — ~ v NFINING + Yo 7 i
-100 —{TD 100 feet SANDSTONE AQUIFER 4 - i VN , 100
____________ |7 N Probable Late| T
T SEMICONFINING TO N ’,
o 200 400 Late Miocene B e e CONFINING \ sl & [CM2A “Pliocene
GAMMA RAY to Pliocene x ! ; \ T
(COUNTS PER SECOND) LOWER : >< JPlio T. oestrupii FO 5.5 Ma / ><
+ \
= CN10- /
PEACE RIVER 11.37Malgs | Nt \ ,
150 — FORMATION 1.17MafSS UPPER \ ’ L 150
Ll|_J 1281Ma| x | | || ° \ S /
w EXPLANATION one (S PFEC/)\RI\EAﬁ'Il\é)iJR \ /
L \ /
zZ 3 FiLL TD 200.5 feqt \ y
= (')_'_'_3(‘)0 19.02 Ma (probably reworked Arcadia material) ~ [
- ] QUARTZ SAND 18.38 Ma (probably reworked Arcadia material)
w200 — (COUNQI'ASMP’\QAI\RF;LI\EYCOND) ] CN10b or higher — -200
[m)] [ SHELLY QUARTZ SAND [T &=~
|:_’ [ PHOSPHATE SAND LOWER™~~
Fo < PEACE RIVER >«
I: [0 DIATOMACEOUS MUDSTONE 19.02Ma 7 FORMATION(?) SN
T =S Te-- Y
< [ TERRIGENOUS MUDSTONE =777 2233Ma | ¥ S~< N
-250 — I | T = Y N2, - -250
[ MARL 2321Ma [ %] N %
N N
[ PELECYPOD SHELLS N \\
N
N \
[ poLosILT N N
\ \
N \
.300—| [ DOLOSTONE ARCADIA 2877Ma | % — -300
[ LIMESTONE FORMATION =i ARCADIA N\ N
5 NO CORE RECOVERED FORMATION N \\
\
— — = HYDROSTRATIGRAPHIC \ \
BOUNDARY (APPROXIMATE) \ \
— - LITHOSTRATIGRAPHIC BOUNDARY 24.13Ma | % \ N
-350 — (APPROXIMATE WHERE DASHED) \ X — -350
\
x STRONTIUM-ISOTOPE SAMPLE N \ N .
+  MICROPALEONTOLOGY SAMPLE 7 \ >< \\
FO  FIRST OCCURRENCE e Y N \\ \
TD  TOTAL DEPTH, IN FEET L TD 401 feet \ “
400 BELOW LAND SURFACE Pk 1) 200 400 600 . N 400
4007 ma  miLLION YEARS ~ -~ "LOWER GAMMA RAY TD 401 feet \ -
————— g \
Cn10 NANNOFOSSIL ZONE HAWTHORN'(?) (COUNTS PER SECOND) N
USGS U.S.GEOLOGICAL SURVEY 0 5MILES .
SFWMD SOUTH FLORIDA WATER ; TKILOMETERS AN
MANAGEMENT DISTRICT . ==7TD 2,500 feet 0 1
0 200 400 VERTICAL SCALE GREATLY EXAGGERATED [
GAMMA RAY (COUNTS PER SECOND) TD 454 feet
-450 -450

Figure 5. Hydrogeologic section A-A' showing test coreholes drilled for this study near the Caloosahatchee River. Site locations shown in figure 1.
Some gamma-ray logs used to correlate between wells are shown.



Table 3. Strontium-isotope data and ages from shell material collected

from test coreholes GL-323, GL-325, GL-327, and L-5809

[All shell material collected has low-magnesium calcite mineralogy determined from
x-ray diffractometer records. Ma, million years]

L_ocal _V\_/ell Depth Stratig_rgphic 875 /8632 Estimated
identifier (feet)? position age (Ma)?
217.6 Upper Peace River 0.708518 19.024
2180 Upper Peace River .708564 18.38%
2555 Arcadia 708518 19.02
GL-323 265.2 Arcadia .708333 22.33
279.2 Arcadia .708299 23.21
322.0 Arcadia 708270 23.77
364.6 Arcadia .708249 24.13
147.6 Lower Peace River .708879 10.37
162.7 Lower Peace River .708849 11.37
GL-325
172.8 Lower Peace River .708855 11.17
1835 Lower Peace River 708821 12.81
67.2 Tamiami .709081 2.15
GL-327
94.3 Tamiami .709088 191
L-5809 375 Tamiami .708513 19.104

1Below ground level.

2Measured at the University of Florida Thermal onization Mass Spectrometry
Laboratory, normalized to 86Sr/8Sr = 0.1194, and corrected to a mean value of SRM-987 =
0.710249 (+0.000023). A value of 1 x 106 was subtracted from all 87Sr/8Sr vaues to correct
for an interlaboratory bias between the University of Florida values and data presented in the
“Look-up Table Version 3:10/99" of Howarth and McArthur (1997).

3Ages derived from “Look-Up Table Version 3:10/99” of Howarth and McArthur

(1997), and used in accordance with time scale of Berggren and others (1995).
“Probable reworked material from Arcadia Formation.

The lower terminations of the clinoforms
assigned to the upper Peace River Formation are
masked by chaotic seismic reflections (fig. 4) possibly
created by anomalous energy reflected off steeply
inclined areas of theriver bottom. Presumably the
lower clinoforms downlap onto subhorizontal, slightly
wavy, paralel seismic reflections assigned to the
lower Peace River Formation below the zone of chaotic
reflections (fig. 4). The subhorizontal reflections of
the lower Peace River Formation are interpreted to
grade downward into reflections with asimilar reflec-
tion configuration assigned to the Arcadia Formation
and possibly the upper part of the Suwannee
Limestone (fig. 4).

Survey Segment 2

Survey segment 2 includes seismic represen-
tation of the same formations and aquifers as shown in
survey segment 1. Seismic reflections assigned to the
Tamiami Formation are represented by only athin zone
of poorly defined reflections beneath the river bottom
in an area near test corehole GL-323 (fig. 7). These
seismic reflections are within a zone of poor data
quality, and their geometry is obscured by water-
bottom reflections. Quartz sands of the Tamiami
Formation crop out at the floor of the Caloosahatchee
River at the GL-323 |location, based on correlation of
the GL-323 test corehole data to survey segment 2
(fig. 7). Visua estimates of the hydraulic conductivity

14 Surface-Geophysical Characterization of Ground-Water Systems of the Caloosahatchee River Basin, Southern Fla.



Table 4. Occurrence of stratigraphically important coccolith taxa in test coreholes GL-323,
GL-325, GL-327, and GL-329

[Identification of coccoliths by David Bukry, U.S. Geological Survey, Menlo Park, Calif. UPR, upper
Peace River Formation; LPR, lower Peace River Formation; --, not determined]

iden:,i\lfﬁzllation Saml[()flg‘ectj)epthl Strpa;isgi:f:)pnhic ngrig!tgf Nannofossil zane
present

109.2 UPR Barren --
115.9 UPR Present CN10c-11
134.2 UPR Barren -
140.5 UPR Barren -

GL-323
153.8 UPR Present CN10-11
2234 UPR Present CN10c-11
230.5 LPR Barren --
292.7 Arcadia Barren -
121.0 UPR Present Miocene to Pliocene

GL-325 130.0 LPR Barren --
192.7 LPR Present CN8
100.2 Tamiami Barren =
102.5 Tamiami Barren =
108.0 Tamiami Barren =
109.7 Tamiami Barren =
113.4 Tamiami Barren =
116.1 Tamiami Barren --
120.0 Tamiami Barren --
121.2 Tamiami Barren --
124.9 Tamiami Barren --
126.3 Tamiami Barren --

GL-327 130.4 Tamiami Barren --
208.5 UPR Barren =
2515 UPR Barren =
302.6 UPR Barren --
319.0 UPR Barren --
326.9 UPR Barren --
3375 UPR Barren --
352.5 UPR Barren --
361.2 UPR Barren -
3715 UPR Barren --
383.1 UPR Barren --

Geophysical Characterization of Ground-Water Systems of the Caloosahatchee River Basin 15



Table 4. Occurrence of stratigraphically important coccolith taxa in test coreholes GL-323,
GL-325, GL-327, and GL-329 (Continued)

[Identification of coccoliths by David Bukry, U.S. Geological Survey, Menlo Park, Calif. UPR, upper
Peace River Formation; LPR, lower Peace River Formation; --, not determined]

a . . Coccoliths
dentication - flet) | posiion  PATEnor  Namnofossil zone

429.0 UPR Barren --
Sl 445.2 UPR Barren --
449.2 LPR? Barren --
453.1 LPR? Barren =
72.9 Tamiami Barren =
74.5 Tamiami Barren --
76.7 Tamiami Barren =
77.9 Tamiami Barren =

153.2 Tamiami Present Probable CN12aA
226.0 UPR Barren --
2431 UPR Barren --
270.0 UPR Barren --
282.8 UPR Barren --
311.8 UPR Barren --
GL-329 3121 UPR Barren --
3345 UPR Barren -
3355 UPR Barren -
344.5 UPR Barren -
366.5 UPR Barren --
367.5 UPR Barren --
382.0 UPR Barren --
398.0 LPR Barren --
398.3 LPR Barren -
411.0 LPR Barren =
417.0 LPR Barren =

1Depth reported below ground level.

2Coccolith floras assigned to the biostratigraphic zones of Okada and Bukry (1980) and reported in
accordance with integrated magnetobiochronol ogic time scale of Berggren and others (1995).
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Epoch Diatom
Age Nannofossil datums datums
(million years) (million
Series years)
0 Late CN15
T L £ huxleyi (0.248)
Middle =T P lacunosa (0.408)
CN14
1 a
1 L G paraliela (0.94)
1 Early b
b N1z | T H. sellii (1.41)
E + C. macintyrei (1.65)
: G. caribbeanica (1.7)
2 D. brouweri (1.95)
] 2 d
i <|T D. pentaradiatus (2.36)
| T D.surculus (2.51)
Late b
=T D.tamalis (2.82)
3 aC o
CN 12— T D.variablis (3.11)
2A aB
K T Sphenolithus spp. (3.62)
a
T R pseudoumbilica (3.83)
4
CNI11
Early T Amaurolithus spp. (4.50)
C
C. acutus (5.04)
5 3 CN]O_ % C. rugosus (5.05)
b C. acutus (5.09)
- T. rugosus (5.23)
a 4L
T D. quinqueramus (5.6)
6 T A amplificus (5.9) 1
3A b
L A amplificus (6.6)
=1Paracme R. pseudoumbilica (6.8)
7 CN9
3B — L A primus (7.2)
T D. loeblichii (7.4)
a|T M convalis (7.8)
8 4
Late
L D. berggrenii (8.6)
b— D. loeblichii (8.7)
CNS8 Paracme R. pseudoumbilica (8.8)
9
a1+ D bollii (9.1)
4A C. calyculus (9.36)
E D. hamatus (9.4)
1 M. convalis (9.5)
D. neohamatus (9.6)
10 CN7
5
L D. hamatus (10.7)
11 CN6
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T Last occurrence surface
- First occurrence surface

Figure 6. Correlation of the chronostratigraphy of part of the late Tertiary geomagnetic polarity time scale (Berggren and others, 1995). Coccolith zonation from
Ocean Drilling Project Leg 171B at the Blake Nose east of the Florida Peninsula (Shipboard Scientific Party, 1998) with normalized additions of subzones

CN12aA, aB, and aC from Bukry (1991) and diatom datums from offshore California.
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Figure 7. Seismic-reflection profile between La Belle and Ortona Lock showing strata drilled at the GL-323 test corehole (location in fig. 3). Sigmoidal and oblique
progradational reflections, identified as siliciclastics and assigned to the upper Peace River Formation (UPR), downlap onto a major seismic sequence boundary that
displays local erosional truncation. Parallel reflections below the seismic sequence boundary are assigned to the lower Peace River Formation (LPR) and Arcadia
Formation (A). At the GL-323 test corehole, the unnamed sand of the Tamiami Formation may be exposed by dredging at the floor of the canal.



of the quartz sand of the Tamiami Formation in the
GL-323 test corehole suggest that sand of low to mod-
erate hydraulic conductivity (see appendix) crop out at
the bottom of the Caloosahatchee River at thislocation,
possibly providing the potential for direct exchange
between the river and aquifer.

Throughout most of the western half of survey
segment 2, seismic reflections assigned to the upper
Peace River Formation have either a sigmoid or oblique
progradational configuration (figs. 7 and 8). Where
visible, the upper parts of the oblique progradational
reflections are terminated by an irregular, sub-
horizontal reflection representing the dredged floor of
the Caloosahatchee River (fig. 8, shot points
1,000-2,000) and probably crop out at theriver floor in
the Ortona area between the western side of Lake
Hicpochee and LaBelle (fig. 1). Micropaleontologic
results support the assignment of the progradational
reflections to the upper Peace River Formation (tables
4 and 5). Samples from the GL-323 and GL-325 test
coreholes suggest an early Pliocene age for these pro-
gradational strata based on diatom taxonomy (table 5
and fig. 6) and assignment to Zones CN10c to CN11
(fig. 6) based on coccolith taxonomy (table 4). The pro-
gradational seismic-reflection patterns of the upper
Peace River Formation likely represent the western
flank of a deltaic depositional system that is similar to
prograding deltaic clinoforms identified in the Fort
Myers area by previous investigators (Missimer and
Gardner, 1976; Evans and Hine, 1991; Scholz and Cun-
ningham, 1997). This environmental interpretation is
consistent with ecological datafor benthic-foramin-
iferal generaidentifications for samples from test core-
holes GL-323 and GL-325 (tables 6 and 7) that suggest
deposition in a shallow-marine shelf environment. The
depositional axis of the deltaic depositional system is
shown in figure 3.

The upper Peace River Formation crops out
along the floor of the Caloosahatchee River at test
corehole GL-325, based on correlation of test corehole
GL-323 to survey segment 2 (fig. 8). Visual estimates
of the hydraulic conductivity of the upper Peace River
Formation in test corehole GL-325 suggest that quartz
sand of moderate hydraulic conductivity (see appen-
dix) crops out at the bottom of the Caloosahatchee
River at thislocation, and thus, the potential exists for
direct exchange between the water-table aquifer and
theriver.

A major seismic-sequence boundary separates the
upper Peace River Formation from the lower Peace River
Formation (fig. 7). This seismic-sequence boundary
approaches to within tens of feet of the river bottom at
LaBélle, which contrasts with its approximate 350 ft
depth between Ortona Lock and Moore Haven (fig. 3).
Westward dipping, progradational reflections of the upper
Peace River Formation downlap onto much of this uncon-
formity. The erosion of strata beneath the unconformity is
represented by loca termination of underlying reflections
(figs. 7 and 8). Thisboundary isalso indicated by amajor
shift in lithofacies and a sharp increase in gammarray
activity in test coreholes GL-323 and GL-325 (fig. 5).

In these coreholes, quartz sand or quartz conglomerate
containing pebble-sized phosphorite grains of the upper
Peace River Formation overlie dolost of the lower Peace
River Formation (fig. 5 and appendix).

The seismic reflections assigned to the lower
Peace River Formation have a subhorizontal, parallel
configuration that has a broad, wavy configuration pat-
tern (figs. 7 and 8). Coccoliths from a depth of 192.7 ft
in the GL-325 test corehole (fig. 5 and table 5) indicate
assignment to Zone CN8 or early-late Miocene (fig. 6).
Data derived from strontium isotopes suggest an age
between 12.81 and 10.37 Mafor the lower Peace River
Formation in test corehole GL-325 (table 3 and fig. 5).
Both coccolith and strontium isotope ages indicate these
paralel reflections are equivaent to the lower Peace
River Formation of Missimer (1999), which rangesin
agefrom 11 to 8.5 Ma

Concordant seismic reflections delineate the
boundary between the lower Peace River Formation and
underlying Arcadia Formation (figs. 7 and 8). The
formation contact between the Peace River Formation
and the Arcadia Formation is an abrupt contact and pos-
sible erosional discontinuity in test corehole GL-323 (see
appendix). This contact has been defined asamajor
depositional sequence boundary by Missimer (1997) and
Guertin and others (2000) in southwestern Florida. Data
derived from strontium isotopes suggest an age between
24.13 to 19.02 Mafor the Arcadia Formation in test
corehole GL-323 (table 3 and fig. 5).

Survey Segment 3

Survey segment 3 contains seismic images of the
Peace River Formation, possibly the Arcadia Formation,
the surficial aquifer system, and intermediate confining
unit (figs. 1-3). Seismic-reflection profiles indicate that
the base of the upper Peace River Formation is shallower
in this segment than in others (fig. 3).
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Table 5. Occurrence of stratigraphically important diatom taxa in test coreholes GL-323, GL-325, GL-327, and GL-329

[Diatom identification by J.A. Barron, U.S. Geological Survey, Menlo Park, Calif. UPR, upper Peace River Formation; LPR, lower Peace River
Formation; Ma, million years; <, less than the value; --, not determined; ?, unknown]

Diatoms . . .
1
_ W_ell . Sample depth barren or Stratlgr_aphlc Subepoch? Est|r2nated Taxa present
identification (feet) unit age? (Ma)
present
Hemidiscus ovalis,
Koizumia tatsunoku-
. chiensis,
109.2 Present UPR Early Pliocene <55 Thalassiosira eccentrica,
T. leptopus,
T. oestrupii
Hemidiscus ovalis,
GL-323 140.5 Present UPR Early Pliocene <65 Thalassiosira eccentrica,
T. oestrupii
2234 Barren UPR - - -
2305 Barren LPR - - -
292.7 Barren Arcadia -- -- --
373 Barren Arcadia -- - -

Azpeitia vetustissimus,
Koizumia adaroi,
. Koizumia tasunoku-
Late Mioceneto

121 Present UPR <6.0 chiensis,

early Pliocene Thalassiosira eccentrica,
GL-325

T. leptopus,
T. Praeoestrupii
130 Barren LPR -- == --
192.7 Barren LPR o= -- -
102.5 Present Tamiami L iieeEne <11.2 Hyal O.dl SCUS Sp.
Holocene Paralia sulcata
N . Hemidiscus ovalis,
108.0 Present Tamiami Pliocene <5.5 Nitzshcia granulata
Actinocyclus divisus
Actinocyclus octonarius
Actinoptychus sp.
N 2 7 Azpeitia nodulifer
120.0 Present Tamiami ? : Hyal odiscus sp.
Navicula sp.
Paralia sulcata
Thalassiosira eccentrica
GL-327 1304 Barren Tamiami -- == --
208.5 Barren UPR -- = --
251.5 Barren UPR -- = --
302.6 Barren UPR - = -
319.0 Barren UPR - = -
326.9 Barren UPR -- = --
3375 Barren UPR -- = --
3525 Barren UPR -- = --
361.2 Barren UPR -- = --
3715 Barren UPR -- = --
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Table 5. Occurrence of stratigraphically important diatom taxa in test coreholes GL-323, GL-325, GL-327, and GL-329
(Continued)

[Diatom identification by J.A. Barron, U.S. Geological Survey, Menlo Park, Calif. UPR, upper Peace River Formation; LPR, lower Peace River

Diatoms

iden:/i\fliecllation Samp(:g:t)epthl barren or StratLg:]r:phic Subepoch? izt;?(a’\;(;;j Taxa present
present

383.1 Barren UPR
429.0 Barren UPR

GL-327 445.2 Barren UPR = -
449.2 Barren LPR? -- =
453.1 Barren LPR? -- =
226.0 Barren UPR - --
243.1 Barren UPR
270.0 Barren UPR
282.8 Barren UPR
311.8 Barren UPR

GL-329 312.1 Barren UPR
334.5 Barren UPR
3355 Barren UPR
344.5 Barren UPR
366.5 Barren UPR
367.5 Barren UPR

1Depth reported below ground level.
2Diatom floras dated using the correlations of Barron (1992) and reported in accordance with integrated magnetobiochronologic time
scale of Berggren and others (1995).

Seismic reflections throughout much of survey Survey Segment 4
segment 3 cannot be reliably interpreted because they
have a chaotic reflection configuration or are over-
printed by multiples. Oblique progradational configura-
tions present in the eastern part of survey segment 3 are
assigned to the upper Peace River Formation. The
uppermost reflections are terminated by an irregular,
subhorizontal reflection representing the dredged floor
of the Caloosahatchee River. The progradational

seismic-reflection patterns of the upper Peace River

Survey segment 4 contains imaging of the
Tamiami Formation, Peace River Formation, possi-
bly the Arcadia Formation, the surficial aguifer sys-
tem, and the intermediate aquifer system (figs. 1-3
and 9). The continuity in seismic datais poorest
aong this section of the river, with short areas of
reliable data broken intermittently by data of poor
quality. Much of the seismic datain survey segment

Formation are the westward extension of the deltaic
depositional system imaged in survey segments 1 and 2
(figs. 4, 7, and 8). In the upper Peace River Formation,
progradational seismic reflections downlap onto sub-
horizontal, parallel seismic reflections assigned to the
lower Peace River Formation (fig. 3). The subhorizontal
reflections of the lower Peace River Formation may
grade downward into reflections with asimilar reflec-
tion configuration assigned to the Arcadia Formation.

4 cannot be interpreted because of a chaotic reflec-
tion configuration or overprinting by multiples.

To aid in visualizing survey segments of reliable
seismic data, the portions of poor quality are not
shown in figure 9. Lithostratigraphic results from
test corehole L-5809 (fig. 9 and appendix) were
used to assign groups of seismic reflectionsto
established lithostratigraphic and hydrogeologic
units (fig. 2).
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Table 6. Benthic foraminiferal genera listed alphabetically and their distribution with depth in test coreholes GL-323, GL-325,
GL-327, GL-329, and L-5809

[References to Bock and others (1971), Poag (1981) and Jones (1994) assisted L.A. Guertin in identification of benthic foraminifers.

B, Buckingham Limestone member of the Tamiami Formation; LPR, lower Peace River Formation; US, unnamed sand of the Tamiami
Formation; UPR, upper Peace River Formation; --, not determined. Rare indicates less than 15 specimen per sample, common indicates 15 to
45 specimen per sample, abundant indicates greater than 45 specimen per sample]

Well Sample Gl . .
identifi-  deptht forams Stratigraphic Genera present
- (feet) barren or position
present
45.0 Barren us -
54.5 Barren UPR =
59.0 Barren UPR --
68.0 Barren UPR =
76.1 Barren UPR --
81.6 Barren UPR =
89.1 Barren UPR --
96.5 Barren UPR =
100.4 Barren UPR --
103.75 Barren UPR -
114.3 Barren UPR --
120.0 Barren UPR -
127.0 Present UPR Common Bulimina, Buliminella, Cancris, Cibicides, Elphidium, Hanzawaia, and Nonion
130.9 Present UPR Rare Buliminella and Elphidium.
GL-323 1324 Present UPR Abundant Buliminella and Elphidium.
135.5 Present UPR Common Buliminella and Elphidium.
143.7 Present UPR Rare Buliminella, Elphidium and Hanzawaia.
153.3 Present UPR Common Buliminella, Elphidiumand Hanzawaia; rare Nonion and Rosalina.
157.8 Present UPR Rare Buliminella and Elphidium.
163.4 Present UPR Rare Buliminella, Elphidium and Hanzawaia.
1721 Present UPR ;Z:gn&glﬁqliin‘inella, Cancris, Cibicides, Discorbis, Elphidium, Hanzawaia, Nonion
179.6 Present UPR Rare Buliminella, Elphidium, Hanzawaia, Nonion and Rosalina.
185.3 Present UPR Rare Buliminella, Elphidium, Hanzawaia and Rosalina.
199.8 Present UPR Rare Elphidium.
2034 Present UPR Common Elphidium; rare Buliminella, Discorbis and Planulina.
207.0 Present UPR Rare Elphidium.
2125 Present UPR Rare Elphidium.
221.75 Present UPR Rare Elphidium.
223.9 Barren UPR --
320 Barren UPR =
425 Barren UPR --
54.5 Barren UPR =
GL-325
65.0 Barren UPR --
74.5 Barren UPR ==
83.2 Barren UPR --
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Table 6. Benthic foraminiferal genera listed alphabetically and their distribution with depth in test coreholes GL-323, GL-325,
GL-327, GL-329, and L-5809 (Continued)

[References to Bock and others (1971), Poag (1981) and Jones (1994) assisted L.A. Guertin in identification of benthic foraminifers.

B, Buckingham Limestone member of the Tamiami Formation; LPR, lower Peace River Formation; US, unnamed sand of the Tamiami
Formation; UPR, upper Peace River Formation; --, not determined. Rare indicates less than 15 specimen per sample, common indicates 15 to
45 specimen per sample, abundant indicates greater than 45 specimen per sample]

Well Sample Benthic . .
identifi-  deptht  forams Stratigraphic Genera present
. (feet) barren or position
present
93.0 Barren UPR --
109.2 Barren UPR -
121.0 Barren UPR --
GL-325 1235 Present UPR Ezrr:lzrg\l(\)’zi 2;;:: ((jji ;(Tn. roz?]rle Amphistegina, Buliminella, Cibicides, Fursenkonina,
126.2 Barren UPR --
127.9 Barren UPR =
20.7 Barren Undifferentiated -
28.7 Barren Undifferentiated -
385 Barren Tamiami -
66.7 Present Tamiami Rare Nonion, Quinqueloculina, and Triloculina
84.7 Present Tamiami Rare Quinqueloculina, and Triloculina
100.2 Present Tamiami Rare Ammonia, Homotrema, and Nonion
102.5 Present Tamiami Rare Ammonia and Homotrema
108.0 Barren Tamiami -
109.7 Present Tamiami Rare Ammonia, Homotrema, and Nonion
1134 Present Tamiami Rare Ammonia
116.1 Barren Tamiami -
120.0 Barren Tamiami -
121.2 Barren Tamiami -
124.9 Barren Tamiami -
GL-327
126.3 Present Tamiami -
130.4 Barren Tamiami Rare Nonion
156.5 Barren UPR --
178.7 Barren UPR -
208.5 Barren UPR --
223.7 Barren UPR -
251.5 Barren UPR --
255.6 Barren UPR -
278.0 Barren UPR --
302.6 Barren UPR -
319.0 Barren UPR --
326.9 Barren UPR -
337.2 Barren UPR --
352.5 Barren UPR -
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Table 6. Benthic foraminiferal genera listed alphabetically and their distribution with depth in test coreholes GL-323, GL-325,
GL-327, GL-329, and L-5809 (Continued)

[References to Bock and others (1971), Poag (1981) and Jones (1994) assisted L.A. Guertin in identification of benthic foraminifers.

B, Buckingham Limestone member of the Tamiami Formation; LPR, lower Peace River Formation; US, unnamed sand of the Tamiami
Formation; UPR, upper Peace River Formation; --, not determined. Rare indicates less than 15 specimen per sample, common indicates 15 to
45 specimen per sample, abundant indicates greater than 45 specimen per sample]

Well Sample Benthic . .
identifi- depth? LG Stratlg.r.aphlc Genera present
cation (feet) barren or position
present
361.2 Barren UPR -
3715 Barren UPR --
383.1 Barren UPR -
GL-327 429.0 Barren UPR --
445.8 Barren UPR =
449.2 Barren LPR? --
453.1 Barren LPR? -
69.9 Present Tamiami Rare Nonion, Spirolina, Spiroloculina, and Triloculina
71.8 Present Tamiami Rare Quingueloculina
GL-329
77.8 Present Tamiami Rare Ammonia, Nonion, and Quinquel oculina
153.2 Present Tamiami Rare Ammonia, Cancris, Hanzawaia and Nonion
5.8 ? B -
9.1 Present B Rare Cibicides and Elphidium
14.9 Present B Common Ammonia and Rosalina
20.3 Present B Abundant Ammonia; common Cibicidoides, Elphidium, and Rosalina
238 Present B Abundar_wt Cibicidoides and Elphidium; common Buliminella, Cancris, Fursenkoinam,
and Nonion
25.0 Present B Sr(i);nmon Cibicidoides, Elphidium, Fursenkoina, and Nonion; rare Buliminella and Can-
28.3 Present B Common Cibicidoides and Elphidium; rare Buliminella and Cancris,
29.9 Present B Rare Cancris, Cibicides, Cibicidoides, Elphidium, Fursenkoina, and Rosalina
339 Barren B -
a0 35.0 Present B Egﬁgnnc’)r;iijgsgg in; Buliminella, Cancris, Cibicidoides, Elphidium, Fursenkina,
36.3 Barren B --
405 Barren UPR =
47.4 Present? UPR -
55.1 Barren UPR =
60.8 Barren UPR =
67.7 Barren UPR =
71.8 Barren UPR =
74.1 Barren UPR -
77.5 Barren UPR =
79.1 Barren UPR --
86.7 Barren UPR =

1Depth reported below ground level.
2Present but no identification due to recrystallization.
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Table 7. Ecological data for benthic foraminiferal genera identified in test coreholes GL-323, GL-325,

GL-327, GL-329, and L-5809

[Depth and environment information according to Murray (1991). Depth values originally published in meters;

>, greater than the value]

Approximate

Genus water depth Environment
(feet)

Ammonia 0-160 Brackish and hypersaline lagoons, inner shelf
Amphistegina 0-430 Coral reefs, lagoons
Bigenerina Shelf
Bulimina Inner shelf to bathyal
Buliminella Mainly shelf, but also lagoons and upper bathyal
Cancris 160-490 Inner shelf
Cibicides 0->6,600 Lagoons to bathyal
Cibicidoides Shelf to bathyal
Discorbis 0-160 Shelf
Elphidiumt 0-160 Brackish to hypersaline marshes, lagoons, inner shelf
Fursenkoina 0-3,900 Lagoons to upper bathyal
Hanzawaia Inner shelf
Homotrema Marine, inner shelf
Nonion 0-590 Shelf
Planulina Shelf, bathyal
Quinqueloculina Hypersaline lagoons, marine shelf
Rosalina 0-330 Lagoon, inner shelf
Spirolina 0-200 Lagoons and nearshore
Spiroloculina 0-130 Lagoons, inner shelf
Triloculina Mainly hypersaline lagoons or marine inner shelf

1Poag (1981) states that Elphidium is abundant and widespread in coastal lagoons, bays, and estuaries.

Seismic reflections assigned to the Buckingham
Limestone Member of the Tamiami Formation (fig. 2)
are represented by only athin zone of poorly defined
reflections benegth the river bottom in an area near test
corehole L-5809 and beyond in structural lows (fig. 9).
These seismic reflections are within a zone of poor data
quality, and their geometry is obscured by reflections at
the river bottom. Where structural lows are present
along survey segment 4, the Buckingham Limestone
Member possibly crops out at the river bottom based
on correlation of the L-5809 test corehole to survey

segment 4 images (fig. 9 and appendix). Visua estimates
in test corehole L-5809 indicate that marl, terrigenous
mudstone, quartz and phosphatic sand, and dolosilt of
the Buckingham Limestone Member mostly have very
low to low hydraulic conductivity (see appendix). This
suggests confinement between the surface water of the
Caloosahatchee River and the ground-water system at
structural lows.

A structural template, probably related to karstic
collapse of deeper limestone that could be contained in
the Floridan aquifer system, isresponsible for awavy,
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parallel configuration pattern of the seismic reflections
assigned to the upper Peace River Formation (fig. 9).
The lower bounding seismic reflections of the upper
Peace River Formation are concordant with seismic
reflections assigned to the lower Peace River Forma
tion below (fig. 9). The upper Peace River Formation
possibly crops out at the floor of the Caloosahatchee
River along structurally high areas east of test core-
hole L-5809, based on correlation of the corehole to
survey segment 4 (fig. 9 and appendix). Visual esti-
mates of hydraulic conductivity for the upper Peace
River Formation in test corehole L-5809 suggest that
quartz sand of moderate hydraulic conductivity (see
appendix) may crop out along the bottom of the
Caloosahatchee River in structurally high areas. This
would potentially alow direct water exchange between
the river and the clastic zone of the sandstone aguifer.
Thus, a potential connection exists between the inter-
mediate aquifer system and the Cal oosahatchee River
at structura highs (fig. 9).

The seismic reflections assigned to the lower
Peace River Formation, as was the case with the upper
Peace River Formation, have awavy, paralld configu-
ration pattern (fig. 9) that is also controlled by local
structural deformation. The uppermost seismic reflec-
tions of the lower Peace River Formation have a stronger
or higher amplitude than the reflections of the upper
Peace River Formation. This change in amplitudeis
associated with the density change (in the sandstone
aquifer) of the clastic-zone quartz sand and carbonate-
zone limestone. The strong seismic reflections bound-
ing the top of the carbonate zone of the sandstone
aguifer can be traced for several milesin the seismic
profile, indicating that the aguifer can be mapped, at
least locally, with seismic-reflection methods. The
paralel reflections of the lower Peace River Forma-
tion may grade downward into reflections with a
similar reflection configuration assigned to the Arcadia
Formation (fig. 9).

Survey Segment 5

Survey segment 5 contains imaging of the
Tamiami, Peace River, and Arcadia Formations (figs. 1,
2, and 10), and the surficial and intermediate aquifer
systems. In the Fort Myers area, survey segment 5
seismic reflections assigned to the upper Peace River
Formation (Missimer and Gardner, 1976; Missimer,
1999) have either asigmoid or oblique progradational

configuration or subhorizontal, parallel configuration
(fig. 10). The progradational seismic-reflection patterns
of the upper Peace River Formation likely represent a
deltaic depositional system as suggested by Missimer
and Gardner (1976) and Missimer (1999). East of the
delta, where the seismic reflections are subhorizontal,
they drape over a seismic discontinuity separating the
upper and lower Peace River Formations as shown by
Missimer and Gardner (1976) and Missimer (1999).
The progradational reflections of the upper Peace
River Formation downlap onto this discontinuity

(fig. 10). Seismic reflections below the discontinuity
haveaparallel configuration. These reflections assigned
to the lower Peace River Formation are subhorizontal
and locally have a broad, wavy configuration. The
subhorizontal reflections of the lower Peace River
Formation grade downward into reflections with a
configuration similar to those assigned to the Arcadia
Formation. Missimer (1999) shows that discontinuity
between reflections of the lower Peace River Forma-
tion and the Arcadia Formation includes erosional
truncation of uppermost seismic reflections of the
ArcadiaFormation. The wavy configuration pattern of
limestone of the Hawthorn Group shown in figure 10
is probably related to karstic collapse of deeper lime-
stone that could be contained in the Floridan aquifer
system, similar to the structures observed in survey
segment 4 (fig. 9).

Ground-Penetrating Radar

Interpretations of GPR profiles are presented for
two rura sitesin the coastal lowlands that include the
Caloosahatchee River Basin. The Indian Mound site
(fig. 1) islocated at the abandoned Florida Rock Indus-
tries sand pit and adjacent Indian Mound Park in
Glades County. Data were collected on barren, sandy
terrain and gravel roads. The CRS06 monitoring well
site (fig. 1) in Hendry County includes a GPR traverse
that runs parallel to the C-3 canal and includes four
seepage meters. No substantial change in land-surface
altitude was observed along the GPR traverses except
for artificial levees adjacent to canals.

Indian Mound Site

The GPR survey at the Indian Mound site
contains imaging of surficial quartz sands, possibly
guartz sands of the Tamiami Formation, and quartz

28 Surface-Geophysical Characterization of Ground-Water Systems of the Caloosahatchee River Basin, Southern Fla.
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sands of the upper Peace River Formation (fig. 11) and
the surficial aquifer system. Radar reflections assigned
to the upper Peace River Formation have a paralel,
oblique progradational configuration (fig. 11). The
uppermost inclined radar reflections assigned to the
upper Peace River Formation form atoplapping or
erosional discordance with overlying horizontal paral-
lel radar reflections tentatively assigned to the Tami-
ami Formation (fig. 11). Verification of assignment of
the inclined reflections to the upper Peace River For-
mation is based on correlation of the GPR profile to
the Caloosahatchee River seismic survey and nearby
lithologic logs obtained from test wells W-12844 and
W-16944 (fig. 1). The inclined radar facies present
within the upper Peace River Formation (fig. 11) is
probably indicative of moderate hydraulic conductivi-
ties for quartz sands (Fish, 1988, table 7), because
samples from spoil banks around the sand pit suggest
this facies lacks any significant clay matrix and isfria-
ble. The apparent angle on the south dipping seismic
reflectionsis about 7 degrees. The parallel, oblique
progradational pattern of radar reflections (fig. 11)
may be images of the tops of progradational seismic-
reflection configurations that dip as much as 5 degrees
in the easternmost part of survey segment 2 (fig. 3).
Thus, GPR has potential to image the shallow part of
the subsurface above the river bottom not imaged in
the marine seismic-reflection profiles collected aong
the Cal oosahatchee River. The reflection geometries
displayedinthe GPR profile (fig. 11) areinterpreted to
be low-angle, accretionary foreset beds associated
with the depositional axis of the deltaic depositional
system imaged in seismic-reflection profiles to the
south along the Caloosahatchee River (fig. 3).

Abundant discoid pebbles have been recovered
from the spoil banks surrounding the sand pit and have
been excavated possibly from equivalent strata. The
possible presence of discoid pebbles within the south-
ward dipping beds of the upper Peace River Formation
(fig. 11) are consistent with deposition in foreshore,
shoreface and offshore marine or channel-spit envi-
ronments. Dobkins and Folk (1970) showed that the
presence of discoid pebbles can be used as evidence of
beach environments.

CRSO06 Site

A test corehole (HE-1118) wasdrilled to adepth
of 22 ft at the CRS06 site (figs. 1 and 12) to obtain
lithostrati graphic and hydraulic information about the
shallow rock units of the surficial aguifer system.

Horizontal, parallel radar reflections assigned to a surf-
icial quartz sand onlap onto the sides of thelows on an
undulatory radar reflection assigned to the top of the
Caloosahatchee Formation (fig. 12). The radar facies
of the Caloosahatchee Formation has awavy, parallel
to semiparallel, configuration with radar reflections of
relatively moderate to high amplitude compared to
overlying reflections of the surficial sand.

The depth and continuity of the Cal oosahatchee
Formation is of hydrologic interest because these prop-
erties may influence drainage. At the CRO6 site, four
seepage meters were installed by Belanger (1999) to
measure rates of exchange between canal water and
ground water. The estimated stratigraphic positions of
the basal contacts of seepage meters 1 and 2 with
canal-bottom outcrops are correlated to intervals of no
recovery in test corehole HE-1118 (fig. 12). Very high
seepage rates are reported for seepage meter 2
(fig. 13). Since correlation of the estimated depth and
location of seepage meter 2 to test corehole HE-1118
shows the meter is positioned over rocks or sediments
that were not recovered in the test corehole, it is not
possible to verify any geologic explanation for the rel-
atively high seepage rates. However, based on samples
of rock dredged from the canal during construction, the
rock samples can have inch-scale diameter, semiverti-
cal, solution-enlarged porosity, it is possible that seep-
age meter 2 is seated above this type of large-scale
pore network in the Cal oosahatchee Formation. Seep-
age meters 1, 3, and 4 produced relatively low seepage
rates (fig. 13). Correlation of the bottom position of
seepage meter 1 to the GPR profile and test corehole
HE-1118 suggests the meter is seated on the upper con-
tact of the Caloosahatchee Formation (fig. 12). Corre-
lation of the bottom position of seepage meters 3 and 4
suggests these meters are seated in a shelly sandstone
with low hydraulic conductivity (see appendix, test
corehole HE-1118) at a depth of about 16 ft below
ground level. Positioning of seepage meters3 and 4in
a hydrogeologic unit with low hydraulic conductivity
suggests that the relatively low seepage rates are geo-
logicaly controlled.

The combined use of datafrom seepage meters,
GPR, and continuoudly drilled test coreholes can be
used to gain an accurate understanding of subsurface
hydraulic properties. Continuous borehole images can
provide critical hydrogeologic information over zones
of no core recovery, such asin this study where
borehole images, if available, could have been used

30 Surface-Geophysical Characterization of Ground-Water Systems of the Caloosahatchee River Basin, Southern Fla.
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to accurately correlate between the seat position of
seepage meters 1 and 2 and the core intervals that
lacked recovery.

SUMMARY AND CONCLUSIONS

The Caloosahatchee River Basin, located in
southwestern Florida, encompasses 1,200 mi? of land.
The Caloosahatchee River receives water from Lake
Okeechobee, runoff from the watershed, and seepage
from the ground-water systems; it loses water through
drainage to the Gulf of Mexico and through withdraw-
alsfor public-water supply, agriculture, and natural
needs. Projected water-supply needs indicate the
Caloosahatchee River will not meet future demands,
and the Caloosahatchee River Basin could be further
stressed if the river water is used to accommaodate res-
toration of the Everglades. Water managers and plan-
ners need to know how much water will be used within
the Cal oosahatchee River Basin and how much water is
contributed by L ake Okeechobee, runoff, and ground
water. In this study, marine seismic-reflection and GPR
techniques were used to support evaluation of potential
exchange of water between the river and ground-water
systems. Seven test coreholes were drilled to calibrate

lithostratigraphic units and their estimated hydraulic
conductivities to surface-geophysical profiles.

A continuous marine seismic-reflection survey
was collected over much of the entire Cal oosahatchee
River and part of San Carlos Bay. Subhorizontal reflec-
tions assigned to the Tamiami Formation intersect the
river bottom along a 9-mi segment just west of Moore
Haven. In an area between the western side of Lake
Hicpochee and La Belle, oblique and sigmoidal pro-
gradational reflections assigned to the upper Peace
River Formation probably intersect the floor of the
river. These progradational reflectionsimage aregiona -
scale deltaic depositional system containing quartz
sands with low to moderate estimated hydraulic con-
ductivities. For a6-mi length of the river between
LaBelleand Franklin Lock, deeper structures possibly
created by karstic collapse influence the geometries of
parallel reflections that intersect the river channel.
Here, reflections assigned to the Buckingham Lime-
stone Member of the Tamiami Formation, a confining
unit, and reflections assigned to the clastic zone of the
sandstone aquifer are likely connected with the river
bottom. Beneath these shallow reflections, relatively
higher amplitude parallel reflections of the carbonate
zone of the sandstone aquifer are well displayed in the

Summary and Conclusions 33



seismic-reflection profiles. A deltaic depositional
system that displays oblique progradational reflections
assigned to the upper Peace River Formation underlies
San Carlos Bay. Almost everywhere beneath theriver,
adiffuse ground-water flow system isin contact with
the channel bottom. Between Ortona Lock and Lake
Hicpochee, however, limestones of the Tamiami For-
mation may intersect the river channel, suggesting
local conduit flow between the surface and ground-
water systems.

The GPR profiles of an area about 2 mi north of
the depositional axis of the deltaic depositional system
between L ake Hicpochee and La Belle show that the
progradational clinoforms seen in seismic records
from the Cal oosahatchee River are present within
about 17 ft of the ground surface. The GPR profiles
show that the uppermost southward dipping, oblique
progradational reflections of the Peace River Forma-
tion are terminated by atoplapping or erosional dis-
continuity. These clinoformal reflections represent
clean quartz sands that are probably characterized by
moderate hydraulic conductivity. The area distribu-
tion of the clinoformal reflections could be mapped
using GPR methods.

In general, results of this study indicate that:

® Seismic-reflection profiles are necessary to accu-
rately correlate hydrogeol ogic units between
wells because the geometries of south Florida
hydrostratigraphic units contain complex stratal
geometries;

® Seismic-reflection profiles can be used to image
and map the boundary between the clastic zone
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APPENDIX

Lithologic Descriptions of
Cores Dirilled for This Study

[Itemsin the descriptions are arranged in the following order: rock type with
modifiers, color, grain size, sorting, roundness, accessory grains, porosity,
hydraulic conductivity, environment, and comments. However, not all of
theseitemsareincluded in every description. Latitude and longitude datums
NAD 83]
Local well identifier

GL-323

GL-325

GL-326

GL-327

GL-329

HE-1118

L-5809
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GL-323 Test Corehole

Florida Geologica Survey well number W-18069

GWSI number GL-323

Total depth 401 feet

Cored from 0to 401 feet

County Glades

Location SE, sec. 25, T42S, R29E
Latitude 26° 47" 38"

Longitude 81° 21' 42.5"

Elevation 21 feet

Completion date May 7, 1999

Other types of logs available Resistivity, gamma ray, spontaneous potential
Owner U.S. Geological Survey
Driller Florida Geological Survey
Core described by Kevin J. Cunningham
Fill 0to 10 feet

Lake Flirt Marl Formation 10 to 10.9 feet
Undifferentiated 10.9 to 25 feet

Tamiami Formation 25 to 47(7) feet

Upper Peace River Formation 47(?) to 225.2 feet
Lower Peace River Formation (?) 225.2 t0 255.3 feet
Arcadia Formation 255.3 t0 401 feet
Water-table aquifer 0 to 38(?) feet
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Depth
(feet below
land surface)

Lithologic description of GL-323 test corehole

0.0-10.0

10.0-10.9

10.9-19.3

19.3-25.0

25.0-26.0

26.0-37.0

37.0-38.0

38.0-38.8

38.8-42.0

42.0-47.0

47.0-49.0

49.0-51.5

51.5-54.5

54.5-61.0

61.0-69.0

69.0-70.0

70.0-84.0

84.0-85.0

85.0-102.0

Fill.

Quartz sand interbedded with gastropod lime wackestone; moderate yellowish brown 10Y R 6/2; mainly very fineto fine
quartz sand; Helisoma gastropods; 25 percent intergrain porosity; moderate hydraulic conductivity; friable.

No recovery.
Mixed lithology of quartz sand and pel ecypods and gastropods; probably caved sediments.

Quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy mineras; mainly very fine to fine quartz sand; minor
very fineto fine phosphorite and heavy mineral grains; trace clay; 2 percent phosphorite and heavy mineral grains; 25 percent
intergrain porosity; moderate hydraulic conductivity; friable; trace clay matrix.

No recovery.
Caved sand and shells.

Quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy mineras; mainly very fine to fine quartz sand; minor
sand- to pebble-sized fossils, terrigenous clay, and very fine to fine phosphorite and heavy mineral grains; abundant pelecy-
pod shells and fragments; 2 percent phosphorite and heavy mineral grains; 20 percent intergrain porosity; low hydraulic
conductivity; friable, minor clay matrix.

Quartz sand; very light gray N8 and yellowish gray 5Y 7/2; black N1 phosphorite and heavy minerals, mainly very fine to
fine quartz sand; minor sand- to pebble-sized fossils, clay and lime mud, and very fine to fine phosphorite and heavy mineral
grains; abundant pel ecypod shells and fragments; minor barnacles; 2 percent phosphorite and heavy mineral grains; 15 per-
cent intergrain porosity; low hydraulic conductivity: friable; minor clay and lime mud matrix.

Quartz sand; very light gray N8 and yellowish gray 5Y 7/2; black N1 phosphorite and heavy minerals, mainly very fine to
fine quartz sand; minor medium quartz sand, sand- to pebble-sized fossils, clay and lime mud, and very fine to fine phospho-
rite and heavy mineral grains; minor pelecypod shells and fragments; 2 percent phosphorite and heavy mineral grains; trace
mica; 20 percent intergrain porosity; low hydraulic conductivity; friable; minor clay and lime mud matrix.

Quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy mineras; mainly very fine to fine quartz sand; minor
terrigenous clay, and very fine to fine phosphorite and heavy mineral grains; 2 percent phosphorite and heavy minerd grains;
trace mica; 20 percent intergrain porosity; low hydraulic conductivity; friable; minor clay matrix.

No recovery.
Caved sediments.

Quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy mineras; mainly very fine to fine quartz sand; minor
very fine to fine phosphorite and heavy mineral grains; trace terrigenous clay; 2 percent phosphorite and heavy mineral
grains; trace mica; 25 percent intergrain porosity; moderate hydraulic conductivity; friable; trace clay matrix; bioturbated.

Quartz sand; yellowish gray 5Y 7/2 and light olive gray 5Y 5/2; black N1 phosphorite and heavy minerals; mainly very fine
to fine quartz sand; minor terrigenous clay and very fine to fine phosphorite and heavy mineral grains; 2 percent phosphorite
and heavy minera grains; trace mica; 10-15 percent intergrain porosity; low hydraulic conductivity; soft; minor clay matrix;
irregular, disrupted clay laminations; bioturbated.

No recovery.

Quartz sand; yellowish gray 5Y 7/2 and light olive gray 5Y 5/2; black N1 phosphorite and heavy minerals; mainly very fine
to fine quartz sand; minor terrigenous clay and very fine to fine phosphorite and heavy mineral grains; 2 percent phosphorite
and heavy minera grains; trace mica; 10-15 percent intergrain porosity; low hydraulic conductivity; soft; minor clay matrix;
irregular, disrupted clay laminations; bioturbated.

No recovery.

Quartz sand; yellowish gray 5Y 7/2 and light olive gray 5Y 5/2; black N1 phosphorite and heavy minerals; mainly very fine
quartz sand; minor fine quartz sand, terrigenous clay and very fine to fine phosphorite and heavy mineral grains, 2-4 percent
phosphorite and heavy mineral grains; trace mica; 10-15 percent intergrain porosity; low hydraulic conductivity; soft; minor
clay matrix; irregular, disrupted clay laminations; bioturbated.
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Depth
(feet below
land surface)

Lithologic description of GL-323 test corehole

102.0-105.6

105.6-108.0

108.0-123.5

123.5-125.0

125.0-130.0

130.0-133.0

133.0-140.0

140.0-145.0

145.0-151.0

151.0-160.0

160.0-170.0

170.0-180.5

180.5-181.0

181.0-189.5

189.5-191.0

191.0- 219.5

Interbedded quartz sand and diatomaceous mudstone; yellowish gray 5Y 7/2; black N1 phosphorite and heavy minerals,
mainly very fine quartz sand and terrigenous clay; minor very fine to fine phosphorite and heavy mineral grains; diatoms;
5-15 percent phosphorite and heavy mineral grains; trace mica; 5-15 percent intergrain porosity; very low hydraulic conductiv-
ity.

No recovery.

Diatomaceous mudstone; yellowish gray 5Y 7/2; black N1 phosphorite and heavy minerals; mainly terrigenous clay; minor
silt and very fine quartz sand, and very fine to fine phosphorite and heavy mineral grains; diatoms; 2-10 percent phosphorite
and heavy mineral grains; trace mica; 5 percent microporosity; very low hydraulic conductivity; minor interbedding with very
fine quartz sand.

No recovery.

Diatomaceous mudstone; yellowish gray 5Y 7/2; black N1 phosphorite and heavy minerals; mainly terrigenous clay; minor
silt and very fine quartz sand, and very fine to fine phosphorite and heavy mineral grains; diatoms; 2-10 percent phosphorite
and heavy mineral grains; trace mica; 5 percent microporosity; very low hydraulic conductivity; minor interbedding with very
fine quartz sand.

Quartz sand; yellowish gray 5Y 7/2 and light olive gray 5Y 5/2; black N1 phosphorite and heavy minerals; mainly very fine
to fine quartz sand; minor terrigenous clay and very fineto fine phosphorite and heavy mineral grains; 2-15 percent phospho-
rite and heavy mineral grains; trace mica; 10 percent intergrain porosity; low hydraulic conductivity; friable; mainly fineto
coarse quartz sand at base of unit.

Diatomaceous mudstone; yellowish gray 5Y 7/2; black N1 phosphorite and heavy minerals, mainly terrigenous clay, silt and
very fine quartz sand; minor very fine to medium phosphorite and very fine heavy mineral grains; diatoms; 2-20 percent
phosphorite and heavy mineral grains; trace mica; 5 percent microporosity; very low hydraulic conductivity.

Diatomaceous mudstone interlaminated with quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy minerals;
mainly terrigenous clay, silt and very fine quartz sand; minor fine to coarse quartz sand, very fine to medium phosphorite, and
very fine heavy mineral grains; diatoms; 2-20 percent phosphorite and heavy mineral grains; trace mica; 5 percent
microporosity; very low hydraulic conductivity.

No recovery.

Diatomaceous mudstone interlaminated with quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy minerals;
mainly terrigenous clay, silt and very fine quartz sand; minor fine to coarse quartz sand, very fine to medium phosphorite, and
very fine heavy mineral grains; diatoms; 2-20 percent phosphorite and heavy mineral grains; trace mica; 5 percent
microporosity; very low hydraulic conductivity.

Quartz sand with very minor interlaminations of diatomaceous mudstone; yellowish gray 5Y 7/2; black N1 phosphorite and
heavy minerals; mainly medium to coarse quartz sand; minor silt to fine quartz sand, terrigenous clay, very fine to coarse
phosphorite, and very fine heavy mineral grains; diatoms; trace to 5 percent phosphorite and heavy mineral grains; trace
mica; 20-25 percent intergrain porosity; low to moderate hydraulic conductivity; minor clay matrix.

Quartz sand with very minor interlaminations of diatomaceous mudstone; yellowish gray 5Y 7/2; black N1 phosphorite and
heavy minerals; mainly fine to medium quartz sand; minor silt to very fine quartz and coarse sand, terrigenous clay, very fine
to medium phosphorite, and very fine heavy minera grains; trace to 5 percent phosphorite and heavy mineral grains, trace
mica; 20-25 percent intergrain porosity; low to moderate hydraulic conductivity; minor clay matrix.

No recovery.

Quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy minerals, mainly fine to medium quartz sand; minor silt
to very fine quartz sand, terrigenous clay, very fine to medium phosphorite, and very fine heavy mineral grains; traceto 5 per-
cent phosphorite and heavy minera grains; trace mica; 20-25 percent intergrain porosity; low to moderate hydraulic conduc-
tivity; minor clay matrix.

No recovery.

Quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy minerals, mainly very fine to fine quartz sand; minor
silt quartz sand, terrigenous clay, very fine to fine phosphorite, and very fine heavy mineral grains; 5-20 percent phosphorite
and heavy minera grains; trace mica; 20-25 percent intergrain porosity; low hydraulic conductivity; minor clay matrix; bio-
turbated; very fine laminations of terrigenous mudstone between 203 and 203.4 feet; thin white pelecypod shells at 217.75.
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Depth
(feet below
land surface)

Lithologic description of GL-323 test corehole

219.5-221.6

221.6-224.3

224.3-225.2

225.2-231.0

231.0-244.1

244.1-248.1

248.1-251.0

251-253.3

253.3-259.4

259.4-261.0

261.0-268.7

268.7-269.0

269.0-271.0

Quartz sand interlaminated with terrigenous mudstone; yellowish gray 5Y 7/2, light olive gray 5Y 5/2, olive gray 5Y 4/1;
black N1 phosphorite and heavy minerals; mainly very fine to fine quartz sand and terrigenous clay; minor silt quartz sand,
very fine to fine phosphorite, and very fine heavy mineral grains; 5-20 percent phosphorite and heavy minera grains; trace
mica; <5-25 percent intergrain porosity; very low hydraulic conductivity.

Terrigenous mudstone with minor interbeds of quartz sand; olive gray 5Y 3/2, yellowish gray 5Y 7/2; black N1 phosphorite
and heavy minerals; mainly terrigenous clay; minor silt-sized and very fine to fine quartz sand, very fine to fine phosphorite,
and very fine heavy mineral grains; 5-20 percent phosphorite and heavy mineral grains; trace mica; 20 percent intergrain
porosity in quartz sand; very low hydraulic conductivity.

Quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy mineras; mainly very fine to fine quartz sand; minor
silt-sized and medium to small pebble-sized quartz sand, very fine sand- and small pebble-sized phosphorite, and very fine
heavy mineral grains; 20-30 percent phosphorite and heavy mineral grains; trace mica; 20 percent intergrain porosity; low
hydraulic conductivity.

Dolosilt, terrigenous mudstone and quartz silt; yellowish gray 5Y 7/2; mainly very fine quartz sand, quartz silt, dolosilt and
clay; minor silt-sized and fine sand, very fine to coarse phosphorite grains, and very fine heavy minera grains; 5-30 percent
phosphorite and heavy mineral grains; 5 percent microporosity; very low hydraulic conductivity; trace very thin, white
pelecypod shells.

Silty and sandy terrigenous mudstone and quartz silt; yellowish gray 5Y 7/2; mainly very fine quartz sand, quartz silt and
clay; minor silt-sized and fine sand, very fine to coarse phosphorite grains, and very fine heavy mineral grains; 5-30 percent
phosphorite and heavy mineral grains; 5 percent microporosity; very low hydraulic conductivity; trace very thin, white
pelecypod shells.

Lime mudstone with abundant phosphorite grains; yellowish gray 5Y 7/2 to white N9; black N1 phosphorite grains produce a
salt and pepper appearance; mainly clay-sized lime mud and very fine phosphorite grains; minor silt-sized and very fine sand,
very fine heavy mineral grains, and fine to medium phosphorite grains; 30-50 percent phosphorite and trace heavy mineral
grains; 5 percent microporosity; very low hydraulic conductivity; chalky texture.

No recovery.

Quartz sand and phosphorite with micrite matrix; yellowish gray 5Y 7/2 to white N9; black N1 phosphorite grains produce a
salt and pepper appearance; mainly clay-sized lime mud, very fine phosphorite grains, and silt-sized and very fine sand, very
fine heavy mineral grains, and fine to medium phosphorite grains; 30-50 percent phosphorite and trace heavy mineral grains;
5 percent microporosity; very low hydraulic conductivity; chalky texture.

Lime mudstone with abundant phosphorite grains; pale greenish yellow to white N9; black N1 phosphorite grains; mainly
clay-sized lime mud and very fine phosphorite grains; very fine heavy mineral grains, and fine to medium phosphorite grains;
5-40 percent phosphorite and trace heavy minera grains; minor pelecypods; 5 percent microporosity; very low hydraulic
conductivity; chalky texture; abrupt contact and possible erosional discontinuity at 255.3 feet.

No recovery.

Lime mudstone and pelecypod floatstone with lime mudstone matrix; pale greenish yellow 10Y 8/2 to yellowish gray 5Y 7/2
to white N9; black N1 phosphorite grains; mainly clay-sized lime mud and very fine to fine phosphorite grains; minor very
fine to fine quartz sand, very fine heavy mineral grains, medium sand- to very small pebble-sized phosphorite grains, and
pebble-sized pelecypods; 5-40 percent phosphorite and trace heavy mineral grains; 10-20 percent quartz sand; trace
bryozoans; 5 percent microporosity; very low hydraulic conductivity; chalky texture; abrupt contact at 266.9 feet; up to large
pebble-sized phosphate pebbl es between 268.6 and 268.7 feet.

Lime mudstone and bryozoan floatstone with lime mudstone matrix; yellowish gray 5Y 7/2 to white N9; black N1 phos-
phorite grains, mainly clay-sized lime mud and very fine to fine phosphorite grains; minor very fine heavy mineral grains,
medium sand- to very small pebble-sized phosphorite grains, and pebble-sized bryozoans; 5-20 percent phosphorite and trace
heavy minera grains; bryozoans (including chielostomes and Cyclostomata) 5 percent microporosity; very low hydraulic
conductivity; chalky texture; irregular abrupt contact with 1-mm thick blackened crust at top (268.7 feet) and up to 2 centi-
meters of microtopography; probable top of Arcadia.

No recovery.

Appendix--Litholotic Descriptions, Core GL-323 41



Depth
(feet below
land surface)

Lithologic description of GL-323 test corehole

271.0-276.3

276.3-278.0

278.0-280.5

280.5-281.0

281.0-287.7

287.7-288.0

288.0-292.0

292.0-297.0

297.0-299.0

300.0-306.0

306.0-324.0

324.0-328.0

328.0-331.0

331.0-341.0

341.0-351.0

Lime mudstone and bryozoan floatstone with lime mudstone matrix; yellowish gray 5Y 7/2 to white N9; black N1 phos-
phorite grains; mainly clay-sized lime mud and very fine to fine phosphorite grains; minor very fine heavy mineral grains,
medium sand- to very small pebble-sized phosphorite grains, and pebble-sized bryozoans; 5-20 percent phosphorite and trace
heavy mineral grains; 5 percent microporosity; very low hydraulic conductivity; chalky texture; bryozoans between 271 and
273.5 feet.

No recovery.

Interbedded lime mudstone and oyster lime floatstone with lime mudstone matrix; yellowish gray 5Y 7/2 to white N9; black
N1 phosphorite grains; mainly clay-sized lime mud and very fine to fine phosphorite grains; minor very fine heavy minera
grains, 5-20 percent phosphorite and trace heavy minera grains; 5 percent microporosity; very low hydraulic conductivity;
chalky texture.

No recovery.

Interbedded lime mudstone, dolosilt and pelecypod lime floatstone with lime mudstone matrix; yellowish gray 5Y 7/2 to
white N9; black N1 phosphorite grains; mainly clay-sized lime mud, silt-sized dolomite and very fine to fine phosphorite
grains;, minor medium sand- and small pebble-sized phosphorite grains, and very fine heavy mineral grains; 5-30 percent
phosphorite and trace heavy mineral grains; 5 percent microporosity; very low hydraulic conductivity; moldic pelecypods;
bioturbated; abundant intraclasts of lithology between 288 and 292 feet.

No recovery.

Dolosilt; yellowish gray 5Y 8/1; black N1 phosphorite grains; mainly silt-sized dolomite; minor very fine to fine phosphorite
grains and very fine heavy mineral grains; trace to 5 percent phosphorite and trace heavy mineral grains; 5 percent
microporosity; very low hydraulic conductivity; possible unconformity between 287.7 and 288 feet.

Terrigenous mudstone; pale olive 5Y 6/2; black N1 phosphorite grains; mainly clay; minor very fine to fine phosphorite
grains and very fine heavy mineral grains; trace to 5 percent phosphorite and trace heavy mineral grains; 5 percent
microporosity; very low hydraulic conductivity; horizontal laminations; up to large pebble-sized chert clastsin lower %2 inch
of interval.

Terrigenous mudstone; yellowish gray 5Y 7/2, light olive gray 5Y 5/2; black N1 phosphorite grains; mainly clay; minor very
fine to medium phosphorite grains and very fine heavy mineral grains; 5-20 percent phosphorite and trace heavy mineral
grains; 5 percent microporosity; very low hydraulic conductivity.

Pelcypod lime floatstone and lime wackestone; paleolive 10 Y 6/2, yellowish gray 5Y 7/2 to white N9; black N1 phosphorite
grains; mainly clay-sized lime mud; minor very fine to medium phosphorite grains, very fine heavy minera grains, and peb-
ble-sized fossils; 5-20 percent phosphorite and trace heavy mineral grains; minor pelecypods, bryozoans and gastropods;

5 percent microporosity; very low hydraulic conductivity.

Interbedded phosphorite sand with lime mudstone matrix, pelecypod lime floatstone with lime mudstone matrix, and lime
mudstone with abundant phosphorite grains; pale olive 10 Y 6/2, yellowish gray 5Y 7/2, olive gray 5Y 3/2; black N1 and
light olive gray 5Y 5/2 phosphorite grains; mainly very fine to fine phosphorite grains and clay-sized lime mud; minor
medium to coarse phosphorite grains, very fine heavy mineral grains, and pebble-sized fossils; 20-75 percent phosphorite and
trace heavy mineral grains, minor pelecypods; 5 percent microporosity; very low hydraulic conductivity.

Lime mudstone with abundant phosphorite grains and pelecypod lime floatstone with lime mudstone matrix; yellowish gray
5Y 8/1; black N1 and light olive gray 5Y 5/2 phosphorite grains, mainly clay-sized lime mud; minor very fine to fine phos-
phorite grains, very fine heavy mineral grains, and pebble-sized fossils; 10-20 percent phosphorite and trace heavy mineral
grains, minor pelecypods and gastropods; 5 percent microporosity; very low hydraulic conductivity.

No recovery.

Lime mudstone with abundant phosphorite grains and pelecypod lime floatstone with lime mudstone matrix; yellowish gray
5Y 8/1; black N1 and light olive gray 5Y 5/2 phosphorite grains, mainly clay-sized lime mud; minor very fine to fine phos-
phorite grains, very fine heavy mineral grains, and pebble-sized fossils; 10-20 percent phosphorite and trace heavy mineral
grains, minor pelecypods and gastropods; 5 percent microporosity; very low hydraulic conductivity.

Lime mudstone with abundant phosphorite grains and pelecypod lime floatstone with lime mudstone matrix; yellowish gray
5Y 8/1; black N1 and light olive gray 5Y 5/2 phosphorite grains;, mainly clay-sized lime mud; minor very fine to fine phos-
phorite grains, and very fine heavy mineral grains; 10-20 percent phosphorite and trace heavy mineral grains; 5 percent
microporosity; very low hydraulic conductivity.
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Depth
(feet below Lithologic description of GL-323 test corehole
land surface)

Quartz and phosphorite sand; yellowish gray 5Y 7/2; black N1 and light olive gray 5Y 5/2 phosphorite grains; mainly silt- to
very fine sand-sized quartz grains and very fine phosphorite grains; minor very fine heavy mineral grains; 50 percent phos-

351.0-359.0 phorite and trace heavy mineral grains; 10 percent intergrain porosity; low hydraulic conductivity; abundant dolosilt and
terrigenous mudstone matrix.
Lime mudstone with abundant phosphorite grains and pelecypod lime floatstone with lime mudstone matrix; yellowish gray
350.0-359.2 5Y 8/1; black N1 and light olive gray 5Y 5/2 phosphorite grains; mainly clay-sized lime mud; minor very fine to fine phos-

phorite grains, and very fine heavy mineral grains; 10-20 percent phosphorite and trace heavy mineral grains; 5 percent
microporosity; very low hydraulic conductivity.

359.2-361.0 No recovery.

Lime mudstone with abundant phosphorite grains and pelecypod lime floatstone with lime mudstone matrix; yellowish gray
5Y 8/1; black N1 and light olive gray 5Y 5/2 phosphorite grains;, mainly clay-sized lime mud; minor very fine to fine phos-
phorite grains, and very fine heavy mineral grains; 10-20 percent phosphorite and trace heavy mineral grains; 5 percent
microporosity; very low hydraulic conductivity.

361.0-370.0

Dolosilt; yellowish gray 5Y 7/2; black N1 and light olive gray 5Y 5/2 phosphorite grains; mainly silt-sized dolomite; minor
370.0-371.0 very fine to fine phosphorite grains and very fine heavy mineral grains; trace to 5 percent phosphorite and trace heavy mineral
grains; 5 percent microporosity; very low hydraulic conductivity.

Terrigenous mudstone; olive gray 5Y 3/2; mainly clay-sized terrigenous clay; 5 percent microporosity; very low hydraulic

3710-377.8 conductivity; very fine horizontal laminations.
Phosphorite sand with terrigenous clay matrix; yellowish gray 5Y 7/2; black N1 and light olive gray 5Y 5/2 phosphorite
377.8-379.0 grains; mainly very fine to medium sand-sized phosphorite grains; minor coarse to small pebble-sized phosphorite grains;

clay-sized terrigenous clay; 90 percent phosphorite and trace heavy mineral grains; 10 percent intergrain porosity; low
hydraulic conductivity.

37.9.0-401.0 No recovery.
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GL-325 Test Corehole

Florida Geological Survey well number W-18070

GWSI number GL-325

Total depth 200.5 feet

Cored from 0to 200.5 feet

County Glades

Location NW, SE, sec. 35, T42S, R29E
Latitude 26° 46' 21.5"

Longitude 81° 23 37.9"

Elevation 25.5 feet

Completion date June 19, 1999

Other types of logs available

Induction, gammaray, resistivity, spontaneous potential

Owner

U.S. Geological Survey

Driller

Florida Geological Survey

Core described by

Kevin J. Cunningham

Fill 0t015.9 feet
Lake Flirt Marl Formation 15.9t0 18.6 feet
Undifferentiated Fort Thompson, Cal oosahatchee 18.6 to 22.5 feet
Tamiami Formation 22510 22.6 feet
Upper Peace River Formation 22.6 t0 128.3 feet
Lower Peace River Formation 128.3to 200.5 feet
Water-table aquifer 0to 55 feet
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Depth
(feet below
land surface)

Lithologic description of GL-325 test corehole

0.0-0.5

0.5-34

3.4-5.0

5.0-7.6

7.6-10.0

10.0-13.0

13.0-15.0

15.0-15.9

15.9-16.6

16.6-18.6

18.6-18.8

18.8-20.0

20.0-21.6

21.6-22.5

22.5-22.6

22.6-30.0

30.0-30.8

30.8-36.9

36.9-37.5

37.5-39.9

39.9-40.5

No recovery.
Fill.
No recovery.
Fill.
No recovery.
Fill.
No recovery.
Fill.

Marl; yellowish gray 5Y 8/1; mainly clay-sized micrite and silt and very fine to fine quartz sand; well sorted; subangular to
subrounded; 20 percent quartz sand; 15 percent moldic porosity; very low hydraulic conductivity; soft wet; hard dry.

Quartz sand; dark yellowish brown 10Y R 4/2; mainly very fine to medium quartz sand; trace clay; well sorted; subangular to
subrounded; 20 percent quartz sand; trace clay; 25 percent intergrain porosity; moderate hydraulic conductivity; soft wet;
unconsolidated; abundant organics.

Pelecypod-rich quartz sand yellowish gray 5Y 7/2; mainly fine to medium quartz sand; minor medium to pebble-sized fossils;
well sorted; subangular to subrounded; 45 percent pelecypods (including Chione); 25 percent intergrain porosity; moderate
hydraulic conductivity; soft wet.

No recovery.
Caved quartz sand from Lake Flirt Formation.

Pelcypod-rich quartz sand; yellowish gray 5Y 7/2; mainly fine to medium quartz sand; minor medium to pebble-sized fossils;
well sorted; subangular to subrounded; 45 percent pelecypods (including Chione); 25 percent intergrain porosity; moderate
hydraulic conductivity; soft wet.

Pelecypod lime floatstone with quartz sand-rich lime mudstone matrix; dark gray to medium dark gray N3 to N4; mainly fine
quartz sand; minor medium to very coarse quartz sand and medium to pebble-sized fossils; well sorted; subangular to sub-
rounded; 45 percent quartz sand; 15 percent pelecypods; 5 percent moldic porosity; low hydraulic conductivity; very hard
wet; well consolidated.

No recovery (driller reports that thisinterval is“soft” quartz sand based rig response while drilling interval).

Quartz sand; light olive gray 5Y 6/1; black N1 phosphorite and heavy mineral grains, mainly fine to medium quartz sand;
minor quartz silt to very fine and coarse to very coarse quartz sand, and very fine to fine phosphorite and heavy mineral
grains; moderately sorted; subangular to subrounded; 5 percent mainly phosphorite and subordinate heavy mineral grains;
25 percent intergrain porosity; moderate hydraulic conductivity; soft wet; very poorly consolidated.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphorite and heavy mineral grains, mainly fine to medium quartz sand;
minor quartz silt to very fine and coarse to very coarse quartz sand, and very fine to fine phosphorite and heavy mineral
grains; moderately sorted; subangular to subrounded; 5 percent mainly phosphorite and subordinate heavy mineral grains;
25 percent intergrain porosity; moderate hydraulic conductivity; soft wet; very poorly consolidated.

No recovery.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphorite and heavy mineral grains; mainly fine to medium quartz sand;
minor quartz silt to very fine and coarse to very coarse quartz sand, and very fine to fine phosphorite and heavy mineral
grains; moderately sorted; subangular to subrounded; 5 percent mainly phosphorite and subordinate heavy mineral grains;
25 percent intergrain porosity; moderate hydraulic conductivity; soft wet; very poorly consolidated.

No recovery.
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Depth
(feet below
land surface)

Lithologic description of GL-325 test corehole

40.5-42.0

42.0-47.0

47.0-48.0

48.0-50.0

50.0-54.5

54.5-55.0

55.0-59.4

59.4-60.0

60.0-68.9

68.9-70.5

70.5-77.0

77.0-80.2

80.2-80.5

80.5-84.0

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphorite and heavy mineral grains, mainly fine to medium quartz sand;
minor quartz silt to very fine and coarse to very coarse quartz sand, and very fine to fine phosphorite and heavy mineral
grains, moderately sorted; subangular to subrounded; 5 percent mainly phosphorite and subordinate heavy mineral grains;
25 percent intergrain porosity; moderate hydraulic conductivity; soft wet; very poorly consolidated.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphorite and heavy mineral grains; mainly very fine to medium quartz sand;
minor quartz silt to coarse quartz sand and very fine to fine phosphorite and heavy mineral grains;, moderately to well sorted;
subangular to subrounded; 5-10 percent mainly phosphorite and subordinate heavy minera grains; 25 percent intergrain
porosity; moderate hydraulic conductivity; soft wet; very poorly consolidated; trace coarse sand grains.

No recovery.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphorite and heavy mineral grains; mainly very fine to medium quartz sand;
minor quartz silt and coarse quartz sand, and very fine to fine phosphorite and heavy mineral grains; moderately to well
sorted; subangular to subrounded; 5-10 percent mainly phosphorite and subordinate heavy mineral grains; 25 percent inter-
grain porosity; moderate hydraulic conductivity; soft wet; very poorly consolidated; trace coarse sand grains.

Quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy minera grains, mainly very fine to fine quartz sand;
minor quartz silt and medium to coarse quartz sand, very fine phosphorite and heavy mineral grains; well sorted; subangular
to subrounded; 10 percent mainly phosphorite and subordinate heavy mineral grains; trace mica; 25 percent intergrain porosity;
moderate hydraulic conductivity; soft wet; very poorly consolidated; trace medium to coarse quartz grains.

No recovery.

Quartz sand; yellowish gray 5Y 7/2; light olive gray 5Y 5/2 and olive gray 5Y 3/2 clay; black N1 phosphorite and heavy
mineral grains; mainly very fine to fine quartz sand; minor quartz silt and medium quartz sand, very fine phosphorite and
heavy mineral grains; well sorted; subangular to subrounded; 10-15 percent mainly phosphorite and subordinate heavy
mineral grains; trace mica; 20 percent intergrain porosity; low hydraulic conductivity; soft wet; very poorly consolidated;
common irregular thin (<1 mm thick) clay laminations and trace clay matrix; trace medium quartz grains.

No recovery.

Quartz sand; yellowish gray 5Y 7/2 sand; light olive gray 5Y 5/2 and olive gray 5Y 3/2 clay; black N1 phosphorite and heavy
mineral grains; mainly very fine quartz sand; minor quartz silt and fine quartz sand, very fine phosphorite and heavy mineral
grains, well sorted; mainly angular to subangular and subordinate subrounded; 10-15 percent mainly phosphorite and sub-
ordinate heavy mineral grains; trace mica; 20 percent intergrain porosity; low hydraulic conductivity; soft wet; very poorly
consolidated; minor irregular thin (<1-3 mm thick) clay laminations, clay-rich sand laminations and clay matrix; trace
medium quartz grains.

No recovery.

Quartz sand; yellowish gray 5Y 7/2 sand; black N1 phosphorite and heavy mineral grains; mainly very fine to fine quartz
sand; minor quartz silt and medium to very coarse quartz sand, very fine phosphorite and heavy minera grains; well to mod-
erate sorted; mainly angular to subangular very fine to fine quartz grains and subangular to subrounded quartz sand; 10-15
percent mainly phosphorite and subordinate heavy mineral grains; trace mica; 20 percent intergrain porosity; low hydraulic
conductivity; soft wet; very poorly consolidated; minor thin clay-rich sand laminations; minor medium to coarse quartz grains
floating in fineto very fine matrix; trace very coarse quartz grains; approximately 10 degreesinclined planar thinly laminated
quartz sand between 73.5 and 75.5 feet.

Quartz sand; yellowish gray 5Y 7/2 sand; light olive gray 5Y 5/2 and olive gray 5Y 3/2 clay; black N1 phosphorite and heavy
mineral grains; mainly very fine to fine quartz sand; minor quartz silt and very fine phosphorite and heavy minera grains;
well sorted; mainly angular to subangular and subordinate subrounded; 10-15 percent mainly phosphorite and subordinate
heavy mineral grains; trace mica; 15-20 percent intergrain porosity; low hydraulic conductivity; soft wet; poorly consoli-
dated; minor irregular thin clay laminations; common clay and dolosilt(?) matrix; common burrows.

No recovery.

Quartz sand; yellowish gray 5Y 7/2 sand; light olive gray 5Y 5/2 and olive gray 5Y 3/2 clay; black N1 phosphorite and heavy
mineral grains, mainly very fine to fine quartz sand; minor quartz silt and very fine phosphorite and heavy mineral grains;
well sorted; mainly angular to subangular and subordinate subrounded; 10-15 percent mainly phosphorite and subordinate
heavy mineral grains, trace mica; 15-20 percent intergrain porosity; low hydraulic conductivity; soft wet; poorly consoli-
dated; minor irregular thin clay laminations; common clay and dolosilt(?) matrix; common burrows.
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Depth
(feet below
land surface)

Lithologic description of GL-325 test corehole

84.0-86.7

86.7-87.0

87.0-91.0

91.0-93.5

93.5-100.0

100.0-102.8

102.8-112.0

112.0-120.0

120.0-121.0

121.0-124.0

124.0-127.7

Quartz sand; yellowish gray 5Y 7/2 and light olive gray 5Y 5/2; black N1 phosphorite and heavy mineral grains, mainly very
fine to fine quartz sand; minor quartz silt and very fine phosphorite and heavy mineral grains; well sorted; mainly angular to
subangular and subordinate subrounded; 10-15 percent mainly phosphorite and subordinate heavy mineral grains; trace mica;
10-15 percent intergrain porosity; low hydraulic conductivity; soft wet; abundant clay and dolosilt(?) matrix; common bur-
rows that result in a mottled appearance.

No recovery.

Quartz sand; yellowish gray 5Y 7/2 and light olive gray 5Y 5/2; black N1 phosphorite and heavy mineral grains; mainly very
fine to fine quartz sand; minor quartz silt and very fine phosphorite and heavy mineral grains; well sorted; mainly angular to
subangular and subordinate subrounded; 10-15 percent mainly phosphorite and subordinate heavy mineral grains; trace mica;
10-15 percent intergrain porosity; low hydraulic conductivity; soft wet; abundant clay and dolosilt(?) matrix; common bur-
rows that result in a mottled appearance.

Quartz sand; yellowish gray 5Y 7/2 and minor light olive gray 5Y 5/2; black N1 phosphorite and heavy mineral grains;
mainly very fine quartz sand; minor quartz silt and fine quartz sand and very fine phosphorite and heavy mineral grains; well
sorted; mainly angular to subangular and subordinate subrounded; 10-15 percent mainly phosphorite and subordinate heavy
mineral grains; trace mica; 15-20 percent intergrain porosity; low hydraulic conductivity; soft wet; trace clay matrix.

Quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy mineral grains; mainly very fine quartz sand; minor
quartz silt and fine quartz sand and very fine phosphorite and heavy mineral grains; well sorted quartz sand; mainly angular to
subangular and subordinate sub rounded; 15 percent mainly phosphorite and subordinate heavy mineral grains; trace mica;
15 percent intergrain porosity; low hydraulic conductivity; soft wet; minor clay and dolosilt(?) matrix; burrowed; irregular
laminations.

Quartz sand; yellowish gray 5Y 7/2; black N1 phosphorite and heavy mineral grains; mainly very fine quartz sand; minor
quartz silt and fine quartz sand and very fine phosphorite and heavy mineral grains; well sorted; mainly angular to subangular
and subordinate subrounded; 15-20 percent mainly phosphorite and subordinate heavy mineral grains; trace mica; 15-20 per-
cent intergrain porosity; low hydraulic conductivity; soft wet; very minor clay and dolosilt(?) matrix; burrowed; irregular
laminations.

Quartz sand; yellowish gray 5Y 7/2 and light olive gray 5Y 5/2; black N1 phosphorite and heavy mineral grains, mainly very
fine quartz sand; minor quartz silt and very fine phosphorite and heavy mineral grains; well sorted; angular to subangular;
15-20 percent mainly phosphorite and subordinate heavy mineral grains; trace mica; 15 percent intergrain porosity; low
hydraulic conductivity; soft wet; minor clay and dolosilt(?) matrix; burrowed; minor irregular laminations of quartz sand with
abundant clay and dolosilt(?) matrix.

Quartz sand; light olive gray 5Y 5/2 and olive gray 5Y 3/2; black N1 phosphorite and heavy mineral grains; mainly very fine
quartz sand; minor quartz silt and fine quartz sand and very fine phosphorite and heavy mineral grains; well sorted; mainly
angular to subangular and subordinate subrounded; 15 percent mainly phosphorite and subordinate heavy mineral grains,
trace mica; 15 percent intergrain porosity; low hydraulic conductivity; soft wet; abundant clay and dolosilt(?) matrix; bur-
rowed; minor irregular laminations of sandy clay.

Diatomaceous mudstone; light olive gray 5Y 5/2; black N1 phosphorite and heavy mineral grains; mainly clay-sized; very
fine phosphorite and heavy mineral grains; diatoms, siliceous spicules and small foraminifers, 15 percent mainly phosphorite
and subordinate heavy mineral grains; 5 percent microporosity; low hydraulic conductivity; firm when wet.

Interlaminated sandy terrigenous mudstone and quartz sand; light olive gray 5Y 5/2 and olive gray 5Y 3/2; black N1
phosphorite and heavy mineral grains; mainly clay and very fine quartz sand; minor very fine phosphorite and heavy mineral
grains; well sorted; angular to subangular; diatoms, siliceous spicules, undifferentiated small foraminifers, small benthic
foraminifers; 10-20 percent mainly phosphorite and subordinate heavy mineral grains; 15 percent intergrain porosity in sand
laminations; 5 percent microporosity in clay laminations; very low to low hydraulic conductivity; firm wet; burrowed.

Interlaminated sandy terrigenous mudstone and quartz sand; light olive gray 5Y 5/2 and olive gray 5Y 3/2; black N1
phosphorite and heavy mineral grains; mainly clay and very fine quartz sand; minor very fine phosphorite and heavy mineral
grains; well sorted; angular to subangular; diatoms, siliceous spicules, undifferentiated small foraminifers(?); 10-20 percent
mainly phosphorite and subordinate heavy mineral grains; 15 percent intergrain porosity in sand laminations; 5 percent
microporosity in clay laminations; very low to low hydraulic conductivity; firm wet; burrowed; Planolites trace fossil at
126.7 feet.
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Depth
(feet below
land surface)

Lithologic description of GL-325 test corehole

127.7-128.3

128.3-130.0

130-131

131.0-134.5

134.5-1355

135.5-136.7

136.7-140.5

140.5-145.0

145.0-150.5

150.5-151.1

151.1-154.5

Quartz conglomerate; light olive gray 5Y 6/1black N1 to dark gray N3 phosphorite and black N1 heavy mineral grains;
mainly very fine sand- to large pebble-sized quartz grains; minor very fine sand sized to medium pebble sized phosphorite
grains and very fine heavy mineral grains; poorly sorted; angular to subangular very fine to fine quartz grains and subangular
to subrounded medium sand- to pebble-sized quartz grains; 10-25 percent mainly phosphorite and subordinate heavy mineral
grains, 15 percent intergrain porosity; low hydraulic conductivity; soft wet; poorly consolidated; quartz pebbles up to 2.5 cm
wide; minor clay matrix.

Dolosilt; yellowish gray 5Y 7/2; black N1 phosphorite and heavy mineral grains; mainly silt-sized dolomite; minor very fine
quartz sand and subordinate fine quartz sand, and very fine phosphorite and heavy mineral grains; well sorted; mainly angular
to subangular and subordinate subrounded; minor quartz sand; 10-15 percent mainly phosphorite and subordinate heavy
mineral grains; 5 percent microporosity; low hydraulic conductivity.

Quartz sand with dolosilt matrix; yellowish gray 5Y 7/2; black N1 phosphorite and heavy mineral grains; mainly silt-sized
dolomite; minor very fine quartz sand and subordinate fine quartz sand, and very fine phosphorite and heavy mineral grains,
well sorted; mainly angular to subangular and subordinate subrounded; 10-80 percent quartz sand; 10-15 percent mainly
phosphorite and subordinate heavy mineral grains; 5 percent microporosity; very low hydraulic conductivity.

Sandy dolosilt and quartz sand with dolosilt matrix; yellowish gray 5Y 7/2; black N1 phosphorite and heavy mineral grains;
mainly silt-sized dolomite and very fine to fine quartz sand; minor medium to very coarse quartz sand, very fine to coarse
phosphorite grains and very fine heavy mineral grains, moderately sorted; mainly angular to subangular and subordinate
subrounded; 10 percent mainly phosphorite and subordinate heavy mineral grains; 5 percent microporosity; very low
hydraulic conductivity; medium to very coarse quartz grains floating in dolosilt and finer quartz sand matrix.

Dolosilt; yellowish gray 5Y 7/2; black N1 phosphorite and heavy mineral grains; mainly silt-sized dolomite and very fine
quartz sand; minor fine quartz sand, very fine phosphorite grains and heavy mineral grains; fine sand-sized to small pebble-
sized fossils; well sorted; mainly angular to subangular and subordinate subrounded; 20-30 percent quartz sand; 10 percent
mainly phosphorite and subordinate heavy mineral grains; 10 percent undifferentiated fossil fragments; 5 percent microporosity;
very low hydraulic conductivity.

Sandy dolosilt and lime mudstone; yellowish gray 5Y 8/1; black N1 phosphorite and heavy minera grains; mainly silt-sized
dolomite and very fine quartz sand; minor fine quartz sand, very fine phosphorite and heavy mineral grains; fine sand-sized to
small pebble-sized fossils; well sorted; mainly angular to subangular and subordinate subrounded; 20-40 percent quartz sand;
10 percent mainly phosphorite and subordinate heavy mineral grains; 5 percent pelecypods and undifferentiated fossil frag-
ments; 5 percent microporosity; very low hydraulic conductivity.

No recovery

Pelecypod lime floatstone with sandy pelecypod lime wackestone and mud-dominated lime packstone matrix; yellowish gray
5Y 8/1; black N1 phosphorite and heavy mineral grains; mainly medium sand-sized to small pebble-sized fossils, clay-sized
micrite and very fine quartz sand; minor fine quartz sand, and very fine phosphorite and heavy mineral grains; well sorted;
mainly angular to subangular and subordinate subrounded; pelecypods and gastropods; 20-45 percent quartz sand; 5-10 per-
cent mainly phosphorite and subordinate heavy mineral grains; 15 percent moldic porosity; low hydraulic conductivity.

Pelecypod lime rudstone with sandy pelecypod mud-dominated and grain-dominated packstone matrix; yellowish gray

5Y 8/1 and white N9; black N1 phosphorite and heavy mineral grains; mainly medium sand-sized to large pebble-sized
fossils, clay-sized micrite and very fine quartz sand; minor fine quartz sand, and very fine phosphorite and heavy mineral
grains; well sorted; mainly angular to subangular and subordinate subrounded; pelecypods and gastropods; 20-45 percent
guartz sand; 5-10 percent mainly phosphorite and subordinate heavy mineral grains; 25 percent moldic porosity; moderate
hydraulic conductivity.

Lime mudstone; pale olive 5Y 6/2; black N1 phosphorite and heavy mineral grains, mainly clay-sized micrite; minor very
fine to fine quartz sand and very fine phosphorite and heavy mineral grains; well sorted; mainly angular to subangular and
subordinate subrounded; trace pelecypods; minor quartz sand; trace mainly phosphorite and subordinate heavy minera
grains, 5 percent microporosity; very low hydraulic conductivity; percentage of quartz increase upwards.

Interlaminated sandy dolosilt and quartz sand with dolosilt matrix; pale olive 5Y 6/2; black N1 phosphorite and heavy min-
eral grains; mainly clay-sized micrite and very fine quartz sand; minor fine quartz sand, fine sand- to pebble-sized fossils, and
very fine phosphorite and heavy mineral grains; well sorted; mainly angular to subangular and subordinate subrounded; 10-30
percent undifferentiated fossils and pel ecypods; 20-70 percent quartz sand; trace mainly phosphorite and subordinate heavy
mineral grains; 5 percent microporosity; very low hydraulic conductivity; thinly laminated; borrows parallel to horizontal
laminations.
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Depth
(feet below
land surface)

Lithologic description of GL-325 test corehole

154.5-157.9

157.9-159.0

159.0-160.5

160.5-161.1

161.1-164.2

164.2-166.0

166.0-169.1

169.1-170.5

170.5-174.2

174.2-175.5

175.5-180.5

180.5-183.2

Quartz sandstone with abundant micrite matrix; light greenish gray 5GY 8/1; black N1 phosphorite and heavy mineral grains,
mainly clay-sized micrite and very fine quartz sand; minor fine quartz sand and very fine phosphorite and heavy mineral
grains; well sorted; mainly angular to subangular and subordinate subrounded; 20-30 percent undifferentiated fossils and
trace echinoid spines; 5 percent mainly phosphorite and subordinate heavy mineral grains; 5 percent microporosity; very low
hydraulic conductivity; abundant micrite matrix.

Quartz sandstone with abundant micrite matrix; light greenish gray 5GY 8/1; black N1 phosphorite and heavy mineral grains;
mainly clay-sized micrite and very fine quartz sand; minor fine to coarse quartz sand, fine sand- to medium pebble-sized
fossils, very fine to coarse phosphorite and very fine heavy mineral grains, moderately sorted; mainly angular to subangular
and subordinate subrounded; 10-20 percent undifferentiated fossils and pelecypods; 5 percent mainly phosphorite and sub-
ordinate heavy minera grains; 5 percent microporosity; very low hydraulic conductivity; abundant micrite matrix.

No recovery.

Quartz sandstone with abundant micrite matrix; light greenish gray 5GY 8/1; black N1 phosphorite and heavy mineral grains;
mainly clay-sized micrite and very fine quartz sand; minor fine to coarse quartz sand, fine sand- to medium pebble-sized fos-
sils, very fine to coarse phosphorite and very fine heavy mineral grains;, moderately sorted; mainly angular to subangular and
subordinate subrounded; 10-20 percent undifferentiated fossils and pelecypods; 5 percent mainly phosphorite and subordinate
heavy mineral grains; 5 percent microporosity; very low hydraulic conductivity; abundant micrite matrix.

Pelecypod lime rudstone with sandy lime mudstone and quartz sandstone matrix; yellowish gray 5Y 8/1 and light greenish
gray 5GY 8/1; black N1 phosphorite and heavy minera grains; mainly clay-sized micrite, fine quartz sand and fine sand- to
large pebble-sized fossils; minor very fine and medium to coarse quartz sand, very fine to fine phosphorite and heavy mineral
grains; moderately sorted; mainly angular to subangular and subordinate subrounded; pelecypods and trace bryozoans; 5 per-
cent mainly phosphorite and subordinate heavy mineral grains; 10 percent intergrain porosity; low hydraulic conductivity;
quartz sandstone has abundant micrite matrix; large pebble-sized bryozoans in the upper 3 inches of interval.

Pelecypod lime rudstone with quartz sand matrix; yellowish gray 5Y 8/1 and light greenish gray 5GY 8/1; black N1 phospho-
rite and heavy mineral grains, mainly clay-sized micrite, fine quartz sand and fine sand- to large pebble-sized fossils; minor
very fine and medium to coarse quartz sand, very fine to medium phosphorite and heavy mineral grains; well sorted; mainly
angular to subangular and subordinate subrounded; pel ecypods and undifferentiated fossils; 5 percent mainly phosphorite and
subordinate heavy mineral grains; 10 percent intergrain porosity; low hydraulic conductivity.

Interbedded pelecypod-rich quartz sand and pelecypod rudstone with quartz sand matrix; pale olive 10Y 6/2; black N1 phos-
phorite and heavy mineral grains; mainly clay-sized micrite, fine quartz sand, fine sand- to large pebble-sized fossils; minor
very fine and medium to coarse quartz sand, and very fine phosphorite and heavy mineral grains; well sorted; mainly angular
to subangular and subordinate subrounded; pelecypods and trace barnacles and echinoid spines; 10-15 percent mainly phos-
phorite and subordinate heavy mineral grains; 20-25 percent intergrain porosity; low hydraulic conductivity.

No recovery.

Interbedded pelecypod-rich quartz sand and pelecypod rudstone with quartz sand matrix; pale olive 10Y 6/2; black N1 phos-
phorite and heavy mineral grains, mainly clay-sized micrite, fine quartz sand, fine sand- to large pebble-sized fossils; minor
very fine and medium to coarse quartz sand, and very fine phosphorite and heavy mineral grains; well sorted; mainly angular
to subangular and subordinate subrounded; pelecypods and trace barnacles and echinoid spines; 10-15 percent mainly phos-
phorite and subordinate heavy minera grains; 20-25 percent intergrain porosity; low hydraulic conductivity.

Quartz sand; light olive gray 5Y 6/1; black N1 phosphorite and heavy minera grains; mainly fine quartz sand; minor very
fine and medium quartz sand, and very fine to fine phosphorite and heavy mineral grains; well sorted; mainly angular to
subangular and subordinate subrounded; 20 percent undifferentiated fossils and pelecypods; 15 percent mainly phosphorite
and subordinate heavy mineral grains; 25 percent intergrain porosity; low hydraulic conductivity.

No recovery
Quartz sand; yellowish gray 5Y 8/1; black N1 phosphorite and heavy mineral grains; mainly very fine quartz sand; minor fine
quartz sand, fine sand- to small pebble-sized fossils, and very fine phosphorite and heavy mineral grains; well sorted; mainly

angular to subangular and subordinate subrounded; undifferentiated fossils and pelecypods; 10 percent mainly phosphorite
and subordinate heavy mineral grains; 20 percent intergrain porosity; low hydraulic conductivity; minor clay matrix.
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Depth
(feet below
land surface)

Lithologic description of GL-325 test corehole

183.2-185.0

185.0-189.1

189.1-190.5

190.5-194.2

194.2-194.3

194.3-200.5

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphorite and heavy mineral grains, mainly very fine quartz sand; minor fine
quartz sand, fine sand- to small pebble-sized fossils, and very fine phosphorite and heavy mineral grains; well sorted; mainly
angular to subangular and subordinate subrounded; <5 percent undifferentiated fossils and pelecypods; 10 percent mainly
phosphorite and subordinate heavy minera grains; 15 percent intergrain porosity; low hydraulic conductivity; minor clay
matrix.

Sandy terrigenous mudstone; light olive gray 5Y 6/1; black N1 phosphorite and heavy mineral grains, mainly clay and very
fine quartz sand; minor fine quartz sand and very fine phosphorite and heavy mineral grains; well sorted; mainly angular to
subangular; 20-60 percent quartz sand; minor small benthic foraminifers; 15 percent mainly phosphorite and subordinate
heavy minera grains; 5 percent microporosity; very low hydraulic conductivity; burrowed in part; thin horizontal lamina-
tions.

No recovery.

Sandy terrigenous mudstone; light olive gray 5Y 6/1; black N1 phosphorite and heavy mineral grains, mainly clay and very
fine quartz sand; minor fine and coarse quartz sand and very fine phosphorite and heavy minera grains; moderately sorted;
mainly angular to subangular; 20-60 percent quartz sand; minor small benthic foraminifers; 15 percent mainly phosphorite
and subordinate heavy mineral grains; 5 percent microporosity; very low hydraulic conductivity; burrowed in part; thin hori-
zontal laminations; more species diversity in benthic foraminifers than interval 185 to 189.1 feet.

Sandy dolosilt; light greenish gray 5GY 8/1; black N1 phosphorite and heavy mineral grains; mainly silt-sized dolomite and
very fine quartz sand; minor fine and coarse quartz sand and very fine to coarse phosphorite grains and very fine heavy min-
eral grains; moderately sorted; mainly angular to subangular; 15 percent mainly phosphorite and subordinate heavy mineral
grains, 5 percent microporosity; very low hydraulic conductivity; burrowed in part; thin horizontal laminations.

No recovery.
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GL-326 Test Corehole

Florida Geological Survey well number W-18073

GWSI number GL-326

Total depth 39.5 feet

Cored from 0to 39.5 feet

County Glades

Location SW, SW, sec. 30, T42S, R32E
Latitude 26° 46' 59"

Longitude 81° 10" 17"

Elevation 16 feet

Completion date July 24, 1999

Other types of logs available

Induction, gamma ray, resistivity, spontaneous potential

Owner U.S. Geologica Survey
Driller Florida Geological Survey
Core described by Kevin J. Cunningham

Fill 0to 7.0feet
Undifferentiated 7.0t0 9.3 feet
Caloosahatchee Formation 9.31017.75 feet

Top Tamiami Formation 17.75 feet

Water-table aquifer 0to 33.3 feet

Top Tamiami confining zone

33.3 feet (electrical logs contributed to selection of tops)
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Depth
(feet below
land surface)

Lithologic description of GL-326 test corehole

0.0-7.0

7.0-8.0

8.0-9.0

9.0-9.3

9.3-95

9.5-10.9

10.9-14.0

14.0-14.5

14.5-17.0

17.0-17.8

17.8-25.0

25.0-27.5

27.5-28.0

28.0-29.5

29.5-31.0

31.0-31.5

Fill; very pale orange 10YR 8/2, pale yellowish brown 10Y R 6/2.

Fill with a clast of Helisoma lime rudstone with quartz sand-rich wackestone matrix; light gray N7; possible top Fort Thomp-
son at 7 feet based on clast of Helisoma-Fort Thompson lithology, color changeto light gray, and comparison to depth of base
of fill along Caloosahatchee River bank; poor sample quality.

No recovery.

Quartz sand; dark gray N3 to medium light gray N6, 10 YR 2/2 humus; mainly fine to medium quartz sand; minor clay, very
fine and medium quartz and clay to very fine humus; well sorted; subangular to subrounded; local abundant clay; up to 5 per-
cent humus; 25 percent intergrain porosity; low to moderate hydraulic conductivity; soft to friable wet; |oose unconsolidated
sand to semiconsolidated clay-rich sand and very thinly laminated clay (2-mm thick).

Rubble of pelecypod lime rudstone with quartz sand-rich grain dominated packstone matrix; very pale orange 10YR 8/2;
mainly medium quartz sand; minor very fineto fine and coarse quartz sand, and fine sand-sized to medium pebble-sized
fossils and fossil fragments; well sorted; subangular to subrounded; 25 percent quartz sand; 15 percent intergrain porosity;
low to moderate hydraulic conductivity; sampleis rubble.

Pelecypod lime floatstone with quartz sand-rich, skeletal wackestone matrix; very pale orange 10Y R 8/2; mainly very fineto
medium quartz sand; minor coarse quartz sand and fine sand-sized to very large pebble-sized fossils and fossil fragments;
well sorted; subangular to subrounded; pelecypods and bryozoans; 20-30 percent quartz sand; 15 percent moldic, root-mold,
intergrain porosity; low to moderate hydraulic conductivity; very hard wet; well consolidated; 1-mm diameter, semivertical
root molds.

No recovery.
Rubble of limestone and pelecypod shells.
No recovery.

Pelecypod lime rudstone with quartz sand-rich marly matrix and loose oyster fragments; yellowish gray 5Y 8/1, medium light
gray N6 to very light gray N8; very fine sand-sized to very large pebble-sized fossils and fossil fragments, clay-size marl;
minor very fine quartz sand; moderately sorted; subangular to subrounded; pelecypods and subordinate oysters and bryozo-
ans; 10 percent quartz sand; 5-25 percent intergrain porosity; low to moderate hydraulic conductivity; soft wet; marl matrix.

No recovery.

Loose pelecypod shells; very pale orange 10Y R 8/2, medium dark gray N4 to very light gray N6; coarse sand-sized to
medium pebble-sized fossils and fossi| fragments; minor very fine to medium quartz sand; well sorted; subangular to
subrounded; 95 percent pelecypods and subordinate gastropods; 5 percent quartz sand; trace marl; 25-35 percent intergrain
porosity; moderate to high hydraulic conductivity; unconsolidated, loose shells; most shells broken; trace matrix of sandy
marl.

Quartz sand; light gray N7 to very light gray N8; N1 heavy minerals; mainly fine to medium quartz sand; minor very fine and
coarse quartz; well sorted; subangular to subrounded; 5 percent pelecypod shells; trace heavy minerals; 25 percent intergrain
porosity; moderate hydraulic conductivity; soft wet; unconsolidated.

No recovery.

Loose pelecypod shells with quartz sand and clay matrix; yellowish gray 5Y 7/2, very pale orange 10Y R 8/2, medium dark
gray N4 to very light gray N6; medium sand-sized to small pebble-sized fossils and fossil fragments; minor very fine to
medium quartz sand; well sorted; subangular to subrounded; 80 percent pelecypods and subordinate gastropods; 10 percent
quartz sand; 10 percent clay; 20 percent intergrain porosity; low hydraulic conductivity; soft wet; unconsolidated.

Loose pelecypod shells; very pale orange 10Y R 8/2, medium dark gray N4 to very light gray N6; coarse sand-sized to
medium pebble-sized fossils and fossil fragments; minor very fine to medium quartz sand; well sorted; subangular to
subrounded; 95 percent pelecypods and subordinate gastropods; 5 percent quartz sand; trace marl; 25-35 percent intergrain
porosity; moderate to high hydraulic conductivity; unconsolidated, loose shells; most shells broken; trace matrix of sandy
marl.
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Depth
(feet below Lithologic description of GL-326 test corehole
land surface)

Quartz sand; very light gray N8, yellowish gray 5Y 8/1; N1 phosphate grains and heavy minerals, mainly fine to medium
31.5-33.3 quartz sand; minor very fine and coarse quartz; well sorted; subangular to subrounded; 5 percent pelecypod shells; trace
heavy minerals; 25 percent intergrain porosity; moderate hydraulic conductivity; soft wet; unconsolidated.

Quartz sand; light olive gray 5Y 6/1; N1 phosphate grains and heavy minerals; mainly fine to medium quartz sand; minor
very fine and coarse quartz, and medium sand-sized to medium pebble-sized pelecypod shells; well sorted; subangular to
subrounded; 20 percent pelecypod shells; 10 percent clay matrix; trace heavy minerals; 15 percent intergrain porosity; low
hydraulic conductivity; soft wet; unconsolidated.

33.3-335

33.5-34.5 No recovery.

Mixture of pelecypod shells, quartz sand and clay; sedimentsislight olive gray; shells are very pale orange 10YR 8/2,
medium dark gray N4 to very light gray N6; coarse sand-sized to medium pebble-sized fossils and fossil fragments, and very

34.5-37.0 fine to medium quartz sand; minor coarse quartz sand; well sorted; subangular to subrounded; 60 percent pelecypods and
subordinate gastropods; 35 percent quartz sand; 5 percent clay; 10 percent intergrain porosity; low hydraulic conductivity;
soft wet; unconsolidated, |oose shells; most shells broken; trace matrix of sandy marl.

Clay with abundant pelecypod shells and minor quartz sand; light olive gray 5Y 5/2; olive gray 5Y 4/1; granule to small
pebble-sized shells; minor very fine to fine quartz sand and medium to very large pebble-sized shells; well sorted; subangular

37.0-385 to subrounded; 35 percent pelecypod shells and subordinate gastropods; 5 percent quartz sand; 5 percent intergrain porosity;
very low hydraulic conductivity; firm wet; semiconsolidated; gradational with unit above.
38.5-39.5 No recovery.
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GL-327 Test Corehole

FGS well number W-18074

GWSI number GL-327

Total depth 454 feet

Cored from 0to 454 feet

County Glades

Location SW, sec. 22, T42S, R32E
Latitude 26°48' 2.7"

Longitude 81° 07" 5.2"

Elevation 14 feet

Completion Date April 13, 2000

Other types of logs available

Resistivity, gamma ray, spontaneous potential

Owner

USGS

Driller

FGS

Core described by

Kevin J. Cunningham

Fill 010 19.8(?) feet
Undifferentiated 19.8(?) to 33 feet
Tamiami Formation 3310 141 feet
Upper Peace River Formation 141 to 446.5 feet

Lower Peace River Formation(?)

446.5 to 454 feet (based on gammea-ray log)

Water-table aquifer 0to 28.9 feet
Tamiami confining zone 28.9 to 39 feet
Lower Tamiami aquifer 39t0 98.8 feet
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Depth
(feet below
land surface)

Lithologic description of GL-327 test corehole

0.0-8.8

8.8-10.0

10.0-19.3

19.3-19.8

19.8-20.3

20.3-23.0

23.0-23.2

23.2-24.0

24.0-25.5

25.5-28.0

28.0-28.9

28.9-31.2

31.2-33.0

33.0-34.5

34.5-354

35.4-35.8

35.8-37.0

37.0-37.8

37.8-39.0

39.0-41.0

41.0-45.0

Fill
No recovery
Fill(?)

Quartz sand; yellowish gray 5Y 8/1; mainly very fine to fine quartz sand; minor medium to coarse quartz sand; moderate to
well sorted quartz sand; 25 percent intergrain porosity; moderate hydraulic conductivity; friable; 10-30 percent broken
pelecypod shells

Quartz sand; dark gray N3; mainly very fineto fine quartz sand; minor medium quartz sand; well sorted quartz sand;
25 percent intergrain porosity; low hydraulic conductivity; moderately friable; abundant dark organic material in matrix

No recovery

Quartz sand; dark gray N3; mainly very fineto fine quartz sand; minor medium quartz sand; well sorted quartz sand;
25 percent intergrain porosity; low hydraulic conductivity; moderately friable; abundant dark organic material in matrix

No recovery

Quartz sand; pale yellowish brown 10Y R 6/2 to white N9; mainly very fine to fine quartz sand; minor medium to very
coarse quartz sand; well sorted quartz sand; 25 percent intergrain porosity; moderate hydraulic conductivity; friable

No recovery

Quartz sand; pale yellowish brown 10Y R 6/2 to white N9; mainly very fine to fine quartz sand; minor medium to very
coarse quartz sand; well sorted quartz sand; 25 percent intergrain porosity; moderate hydraulic conductivity; friable

Quartz sand with abundant pelecypods; yellowish gray 5Y 8/1; mainly fine quartz sand; minor very fine and medium quartz
sand; pelecypods up to large pebble size; well sorted quartz sand; poorly sorted quartz sand and shells; 25 percent intergrain
porosity; low hydraulic conductivity; 40-50 percent pelecypod shells; clay matrix

No recovery

Quartz sand with lime mudstone matrix; brownish black 5YR 2/1 to grayish black N2; mainly fine quartz sand; minor very
fine and medium quartz sand; well sorted quartz sand; very poorly sorted quartz sand and shells; low hydraulic conductivity;
20-40 percent gastropods (Helisoma); fresh-water environment

Quartz sand; pale yellowish brown 10Y R 6/2; mainly fine quartz sand; minor very fine and medium to coarse quartz sand;
pelecypods up to large pebble size; moderate to well sorted quartz sand; moderate hydraulic conductivity; friable

Quartz sand with abundant pelecypods; yellowish gray 5Y 8/1; mainly fine quartz sand; minor very fine and medium to
coarse quartz sand; pelecypods up to large pebble size; moderate to well sorted quartz sand; low hydraulic conductivity;
friable; 40-50 percent pelecypod shells; marl matrix

No recovery
Fill

Quartz sand with abundant pelecypods; yellowish gray 5Y 8/1; mainly fine-medium quartz sand; minor very fine and coarse
quartz sand; pelecypods up to large pebble size; moderate to well sorted quartz sand; low hydraulic conductivity; friable;
40-50 percent pelecypod shells (including Chione); marl matrix

Gastropod and pelecypod lime rudstone and floatstone with matrix of quartz-sand-rich lime wackestone and mud-dominated
lime packstone or quartz sand with lime mudstone matrix; medium dark gray N4 to medium light gray N6; mainly very fine
to fine quartz sand; coarse sand to very large pebble-sized fossils; well sorted quartz sand; 20-40 percent moldic and vuggy
porosity; high hydraulic conductivity; hard; fossils mainly low-spiraled gastropods and minor pelecypods

No recovery
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Depth
(feet below
land surface)

Lithologic description of GL-327 test corehole

45.0-46.8

46.8-51.0

51.0-51.4

51.4-61.0

61.0-61.5

61.5-66.0

66.0-68.4

68.4-69.3

69.3-71.0

71.0-71.2

71.2-76.0

76.0-80.0

80.0-81.0

81.0-84.9

84.9-86.0

86.0-89.9

89.9-91.0

91.0-94.0

Pelecypod lime rudstone and floatstone with matrix of quartz-sand-rich lime wackestone and mud-dominated lime pack-
stone or quartz sand with lime mudstone matrix; medium dark gray N4 to light gray N7; mainly very fineto fine quartz sand;
coarse sand to very large pebble-sized fossils; well sorted quartz sand; 20-40 percent moldic and vuggy porosity; high
hydraulic conductivity; hard; fossils mainly pelecypods (including Chione) and minor gastropods

No recovery
Rubble of lithology from interval between 45 and 46.8 feet.
No recovery

Unconsolidated pelecypod lime rudstone and quartz sand matrix; medium dark gray N4 to medium light gray N6; mainly
medium to coarse quartz sand and minor very fine and very coarse quartz sand; mainly coarse to granule-sized fossils;
moderate to well sorted quartz sand; sand and shells poorly sorted; 25 percent intergrain porosity; moderate hydraulic
conductivity; friable; fossils mainly broken pelecypods; 30 percent quartz sand

No recovery

Unconsolidated pelecypod lime rudstone and quartz sand matrix; medium dark gray N4 to medium light gray N6; mainly
medium to coarse quartz sand and minor very fine and very coarse quartz sand; mainly coarse to small pebble-sized fossils;
moderate to well sorted quartz sand; sand and shells poorly sorted; 25 percent intergrain porosity; moderate hydraulic
conductivity; friable; fossils mainly broken pelecypods; 30 percent quartz sand

Quartz sand with abundant pelecypods; medium dark gray N4 to medium light gray N6; mainly medium quartz sand and
minor fine and coarse quartz sand; mainly coarse to small pebble-sized fossils; well sorted quartz sand; sand and shells
poorly sorted; 25 percent intergrain porosity; moderate hydraulic conductivity; friable; 30 percent broken pelecypod shells

No recovery

Quartz sand with abundant pelecypods; medium dark gray N4 to medium light gray N6; mainly medium quartz sand and
minor fine and coarse quartz sand; mainly coarse to small pebble-sized fossils; well sorted quartz sand; sand and shells
poorly sorted; 25 percent intergrain porosity; moderate hydraulic conductivity; friable; 30 percent broken pelecypod shells

No recovery (driller “felt” soft sand drilling through interval)

Quartz sand with abundant pel ecypods; yellowish gray 5Y 8/1 and medium gray N5 to light gray N7; mainly medium quartz
sand and minor fume and coarse quartz sand; mainly coarse to granule-sized fossils; well sorted quartz sand; sand and shells
poorly sorted; 30 percent intergrain porosity; moderate hydraulic conductivity; friable; 40-60 percent broken pelecypod
shells

No recovery

Quartz sand with abundant pel ecypods; yellowish gray 5Y 8/1 and medium gray N5 to light gray N7; mainly medium quartz
sand and minor fume and coarse quartz sand; mainly coarse to small-pebble sized fossils; well sorted quartz sand; sand and
shells poorly sorted; 30 percent intergrain porosity; moderate hydraulic conductivity; friable; 40-60 percent broken pelecy-
pod shells

No recovery

Quartz sand with abundant pelecypods; yellowish gray 5Y 8/1 and medium gray N5 to light gray N7; mainly medium quartz
sand and minor fine and coarse quartz sand; mainly coarse to small-pebble sized fossils; well sorted quartz sand; sand and
shells poorly sorted; 30 percent intergrain porosity; moderate hydraulic conductivity; friable; 40-60 percent broken pelecy-
pod shells

No recovery

Quartz sand with abundant pelecypods; yellowish gray 5Y 8/1 and medium gray N5 to light gray N7; mainly medium quartz
sand and minor fine and coarse quartz sand; mainly coarse to small-pebble sized fossils; well sorted quartz sand; sand and
shells poorly sorted; 30 percent intergrain porosity; moderate hydraulic conductivity; friable; 40-60 percent broken pelecy-
pod shells
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Depth
(feet below Lithologic description of GL-327 test corehole
land surface)

Quartz sand with abundant pelecypods; yellowish gray 5Y 8/1 and medium gray N5 to light gray N7; mainly medium quartz
sand and minor fume and coarse quartz sand; mainly coarse to small pebble sized fossils; well sorted quartz sand; sand and
shells poorly sorted; 30 percent intergrain porosity; moderate hydraulic conductivity; friable; 40-60 percent broken pelecy-

pod shells, bryozoans and barnacles

94.0-95.4

95.4-96.0 No recovery

Unconsolidated pelecypod lime rudstone with matrix of quartz sand with minor clay matrix; yellowish gray 5Y 8/1 and
medium gray N5 to light gray N7; mainly medium quartz sand and minor fine and coarse quartz sand; mainly medium to

9.0-98.8 large-pebble sized fossils; sand and shells very poorly sorted; 20 percent intergrain porosity; low to moderate hydraulic
conductivity; 60-80 percent broken pelecypod shells, gastropods and barnacles
Sandy, silty, gastropod-rich terrigenous mudstone; brownish gray 5Y 4/1 to brownish black 5YR 2/1; mainly very fineto
98.8-99.1 . o ) . L . A
medium quartz sand; mainly medium to granule-sized fossils; very low hydraulic conductivity; firm
09.1-99.6 Pel ecypod-rich terrigenous mudstone; pale yellowish brown 10Y R 6/2; very low hydraulic conductivity; firm; 50 percent
’ ’ pelecypods
99.6-100.9 Pelecypod-rich, silty terrigenous mudstone; brownish gray 5Y R 4/1; granule to medium pebble-sized fossils; very low

hydraulic conductivity; firm; minor pelecypods
100.9-101.0 No recovery

101.0-104.3 Pelecypod-rich, silty terrigenous mudstone; brownish gray 5YR 4/1 to light brownish gray 5Y R 6/1; medium sand to
’ ’ granule-sized fossils; very low hydraulic conductivity; firm; minor fragments of thin-shelled pelecypods
104.3-106.0 No recovery

Pelecypod-rich, silty terrigenous mudstone; brownish gray 5Y R 4/1 to light brownish gray 5Y R 6/1; medium sand to
granule-sized fossils; very low hydraulic conductivity; firm; minor fragments of thin-shelled pelecypods

106.0-110.3
110.3-111.0 No recovery
111.0-123.0 Silty terrigenous mudstone; light brownish gray 5Y R 6/1; very low hydraulic conductivity; firm; trace diatoms

Silty terrigenous mudstone; light brownish gray 5YR 6/1; very low hydraulic conductivity; firm; minor siliceous spicules;

123.0-127.0 ] o
trace benthic foraminifera

127.0-132.0 Silty quartz sand; yellowish gray 5Y 8/1; low hydraulic conductivity; calcareous terrigenous mudstone matrix

Quartz sand; yellowish gray 5Y 8/1; mainly fineto medium quartz sand and minor very fine and coarse to very coarse quartz
132.0-139.0 sand; well sorted quartz sand; low hydraulic conductivity; 10-20 percent broken fossil fragments; minor marl matrix; intrac-
lasts of sandstone

Quartz sand; yellowish gray 5Y 8/1; mainly medium quartz sand and minor fine and coarse to very coarse quartz sand; well
139.0-140.0 sorted quartz sand; low hydraulic conductivity; 10-20 percent broken fossil fragments; very minor marl matrix; intraclasts of
sandstone

140.0-141.0 No recovery

Rubble of quartz sandstone; medium dark gray N4 to medium gray N5; mainly very fine to fine quartz sand and minor
141.0-141.2 medium quartz sand; well sorted quartz sand; mainly vuggy porosity; moderate hydraulic conductivity; calcite cemented;
vuggy porosity may be associated with a possible unconformity at 141 feet

Quartz sandstone; yellowish gray 5Y 8/1; mainly medium quartz sand and minor fine and coarse to very coarse quartz sand;

141.2-141.5 moderately sorted quartz sand; mainly vuggy porosity; moderate hydraulic conductivity; hard

141.5-146.0 No recovery
146.0-146.2 Rubble

146.2-151.0 No recovery
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(feet below
land surface)

Lithologic description of GL-327 test corehole

151.0-155.0

155.0-156.0

156.0-160.1

160.1-161.0

161.0-165.3

165.3-166.0

166.0-167.0

167.0-170.5

170.5-171.0

171.0-173.7

173.7-176.0

176.0-180.8

180.8-181.0

181.0-190.7

190.7-191.0

191.0-210.7

210.7-211.0

211.0-220.4

220.4-221.0

221.0-225.7

225.7-226.0

Quartz sand; yellowish gray 5Y 8/1; mainly medium to coarse quartz sand and minor fine and very coarse quartz sand;
moderately sorted quartz sand; 1-2 percent phosphorite and heavy minerals; trace mica; 25 percent intergrain porosity; low
to moderate hydraulic conductivity; minor clay matrix

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly medium to coarse quartz sand and minor fine and very coarse quartz sand;
moderately sorted quartz sand; 1-2 percent phosphorite and heavy minerals; trace mica; 25 percent intergrain porosity; low
to moderate hydraulic conductivity; minor clay matrix

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly medium to coarse quartz sand and minor fine and very coarse quartz sand;
moderately sorted quartz sand; 1-2 percent phosphorite and heavy minerals; trace mica; 25 percent intergrain porosity; low
to moderate hydraulic conductivity; minor clay matrix

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly medium to coarse quartz sand and minor fine and very coarse quartz sand;
moderately sorted quartz sand; 1-2 percent phosphorite and heavy minerals; trace mica; 25 percent intergrain porosity; low
to moderate hydraulic conductivity; minor clay matrix

Quartz sand; yellowish gray 5Y 8/1; mainly fine to medium quartz sand and minor very fine and coarseto very coarse quartz
sand; moderately sorted quartz sand; 1-2 percent phosphorite and heavy minerals; 25 percent intergrain porosity; low to
moderate hydraulic conductivity; minor clay matrix

No recovery

Quartz sand; yellowish gray 5Y 8/1 to very light gray N8; mainly fine quartz sand and minor very fine and medium quartz
sand; well sorted quartz sand; 2-5 percent phosphorite and heavy minerals; trace mica; 30 percent intergrain porosity;
moderate hydraulic conductivity; friable; trace clay matrix; bioturbated

No recovery

Quartz sand; light olive gray 5Y 6/1; mainly very fine to fine quartz sand and minor medium to coarse quartz sand; well
sorted quartz sand; 5 percent phosphorite and heavy minerals; trace mica; 20-25 percent intergrain porosity; low hydraulic
conductivity; friable; trace clay matrix; bioturbated

No recovery

Quartz sand; light olive gray 5Y 6/1; mainly very fine to fine quartz sand and minor medium to coarse quartz sand; well
sorted quartz sand; 5 percent phosphorite and heavy minerals; trace mica; 20-25 percent intergrain porosity; low hydraulic
conductivity; friable; trace clay matrix; bioturbated

No recovery

Quartz sand; light olive gray 5Y 6/1; mainly very fine to fine quartz sand and minor medium quartz sand; well sorted quartz
sand; 5 percent phosphorite and heavy minerals; trace mica; 20-25 percent intergrain porosity; low hydraulic conductivity;
friable; trace clay matrix; bioturbated

No recovery

Quartz sand; light olive gray 5Y 6/1; mainly very fine to fine quartz sand and minor medium quartz sand; well sorted quartz
sand; 5 percent phosphorite and heavy minerals; trace mica; 20-25 percent intergrain porosity; low hydraulic conductivity;
friable; trace clay matrix; bioturbated

No recovery

Quartz sand; light olive gray 5Y 6/1; mainly very fineto fine quartz sand and minor medium quartz sand; well sorted quartz
sand; 5 percent phosphorite and heavy minerals; trace mica; 20-25 percent intergrain porosity; low hydraulic conductivity;
friable; trace clay matrix; bioturbated

No recovery
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(feet below
land surface)

Lithologic description of GL-327 test corehole

226.0-255.6

255.6-256.0

256.0-265.5

265.5-266.0

266.0-270.8

270.8-271.0

271.0-275.7

275.7-276.0

276.0-280.1

280.1-290.4

290.4-291.0

291.0-300.5

300.5-301.0

301.0-305.8

305.8-306.0

306.0-310.6

310.6-311.0

311.0-315.0

315.0-316.0

316.0-317.8

Quartz sand; yellowish gray 5Y 8/1; mainly very fine to fine quartz sand and trace medium quartz sand; well sorted quartz
sand; 5-10 percent phosphorite and heavy minerals; trace mica; 20 percent intergrain porosity; low hydraulic conductivity;
friable; trace to minor clay matrix; bioturbated

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly very fine to fine quartz sand and trace medium quartz sand; well sorted quartz
sand; 5-10 percent phosphorite and heavy minerals; trace mica; 20 percent intergrain porosity; low hydraulic conductivity;
friable; trace to minor clay matrix; bioturbated

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly very fine to fine quartz sand and trace medium quartz sand; well sorted quartz
sand; 5-10 percent phosphorite and heavy minerals; trace mica; 20 percent intergrain porosity; low hydraulic conductivity;
friable; trace to minor clay matrix; bioturbated

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly very fine to fine quartz sand and trace medium quartz sand; well sorted quartz
sand; 5-10 percent phosphorite and heavy minerals; trace mica; 20 percent intergrain porosity; low hydraulic conductivity;
friable; trace to minor clay matrix; bioturbated

No recovery
Quartz sand; yellowish gray 5Y 8/1; mainly very fine to fine quartz sand and trace medium quartz sand; well sorted quartz
sand; 5-10 percent phosphorite and heavy minerals; trace mica; 20 percent intergrain porosity; low hydraulic conductivity;

friable; trace to minor clay matrix; bioturbated

Quartz sand; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay laminations; mainly very fine to fine quartz sand
and trace medium quartz sand; well sorted quartz sand; 20 percent intergrain porosity; low hydraulic conductivity; friable;
trace clay matrix; bioturbated; uncommon thick laminations (0.25-1.0 inch thick)

No recovery

Quartz sand; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay laminations; mainly very fine to fine quartz sand
and trace medium quartz sand; well sorted quartz sand; 20 percent intergrain porosity; low hydraulic conductivity; friable;
trace clay matrix; bioturbated; uncommon thick laminations (0.25-1.0 inch thick)

No recovery

Quartz sand; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay laminations; mainly very fine to fine quartz sand
and trace medium quartz sand; well sorted quartz sand; 20 percent intergrain porosity; low hydraulic conductivity; friable;
trace clay matrix; bioturbated; uncommon thick laminations (0.25-1.0 inch thick)

No recovery

Quartz sand; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay laminations; mainly very fine to fine quartz sand
and trace medium quartz sand; well sorted quartz sand; 20 percent intergrain porosity; low hydraulic conductivity; friable;
trace clay matrix; bioturbated; uncommon thick laminations (0.25-1.0 inch thick)

No recovery

Quartz sand; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay laminations; mainly very fine to fine quartz sand
and trace medium quartz sand; well sorted quartz sand; 20 percent intergrain porosity; low hydraulic conductivity; friable;
trace clay matrix; bioturbated; uncommon thick laminations (0.25-1.0 inch thick)

No recovery

Quartz sand; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay laminations; mainly very fine to fine quartz sand
and trace medium quartz sand; well sorted quartz sand; 20 percent intergrain porosity; low hydraulic conductivity; friable;
trace clay matrix; bioturbated; uncommon thick laminations (0.25-1.0 inch thick)
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Depth
(feet below
land surface)

Lithologic description of GL-327 test corehole

317.8-320.9

320.9-321.0

321.0-324.6

324.6-326.0

326.0-328.6

328.6-331.0

331.0-335.0

335.0-336.0

336.0-339.8

339.8-341.0

341.0-342.5

342.5-345.0

345.0-348.6

348.6-350.0

Quartz sand; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay laminations; mainly fine quartz sand, minor very
fine and trace medium quartz sand; well sorted quartz sand; 20 percent intergrain porosity; low hydraulic conductivity;
friable; trace clay matrix; bioturbated; uncommon thick laminations (0.25-1.0 inch thick)

No recovery

Quartz sand with clay interlaminations and interbeds; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay lamina-
tions and beds; varying from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly
medium to coarse quartz sand with minor very fine to medium quartz sand; moderate to well sorted quartz sand; 20 percent
intergrain porosity in coarse quartz sand; coarser cycle top moderate and finer cycle base low; friable quartz sand; trace clay
matrix; bioturbated; cyclic |- to 6-foot thick coarsening upward cycles; clay laminations within cycles thin upwards; thinly
laminated to medium bedded in part (0.25 to 6 inches thick)

No recovery

Quartz sand with clay interlaminations and interbeds; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay lamina-
tions and beds; varying from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly
medium to coarse quartz sand with minor very fine to medium quartz sand; moderate to well sorted quartz sand; 20 percent
intergrain porosity in coarse quartz sand; coarser cycle top moderate and finer cycle base low; friable quartz sand; trace clay
matrix; bioturbated; cyclic 1- to 6 foot thick coarsening upward cycles; clay laminations within cycles thin upwards; thinly
laminated to medium bedded in part (0.25 to 6 inches thick)

No recovery

Quartz sand with clay interlaminations and interbeds; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay lamina-
tions and beds; varying from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly
medium to coarse quartz sand with minor very fine to medium quartz sand; moderate to well sorted quartz sand; 20 percent
intergrain porosity in coarse quartz sand; coarser cycle top moderate and finer cycle base low; friable quartz sand; trace clay
matrix; bioturbated; cyclic 1- to 6-foot thick coarsening upward cycles; clay laminations within cycles thin upwards; thinly
laminated to medium bedded in part (0.25 to 6 inches thick)

No recovery

Quartz sand with clay interlaminations and interbeds; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay lamina-
tions and beds; varying from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly
medium to coarse quartz sand with minor very fine to medium quartz sand; immoderate to well sorted quartz sand; 20 per-
cent intergrain porosity in coarse quartz sand; coarser cycle top moderate and finer cycle base low; friable quartz sand; trace
clay matrix; bioturbated; cyclic 1- to 6-foot thick coarsening upward cycles; clay laminations within cycles thin upwards;
thinly laminated to medium bedded in part (0.25 to 6 inches thick)

No recovery

Quartz sand with clay interlaminations and interbeds; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay lamina-
tions and beds; varying from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly
medium to coarse quartz sand with minor very fine to medium quartz sand; moderate to well sorted quartz sand; 20 percent
intergrain porosity in coarse quartz sand; coarser cycle top moderate and finer cycle base low; friable quartz sand; trace clay
matrix; bioturbated; cyclic 1- to 6-foot thick coarsening upward cycles; clay laminations within cycles thin upwards; thinly
laminated to medium bedded in part (0.25 to 6 inches thick)

No recovery

Quartz sand with clay interlaminations and interbeds; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay lamina-
tions and beds; varying from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly
medium to coarse quartz sand with minor very fine to medium quartz sand; moderate to well sorted quartz sand; 20 percent
intergrain porosity in coarse quartz sand; coarse- cycle top moderate and finer cycle base low; friable quartz sand; trace clay
matrix; bioturbated; cyclic |- to 6 foot thick coarsening upward cycles; clay laminations within cycles thin upwards; thinly
laminated to medium bedded in part (0.25 to 6 inches thick)

No recovery
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Depth
(feet below
land surface)

Lithologic description of GL-327 test corehole

350.0-354.1

354.1-355.0

355.0-357.9

357.9-361.0

361.0-364.4

364.4-366.0

366.0-367.6

367.6-371.0

371.0-375.5

375.5-376.0

376.0-377.7

377.7-381.0

381.0-384.6

384.6-385.1

385.1-424.5

Quartz sand with clay interlaminations and interbeds; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay lamina-
tions and beds; varying from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly
medium to coarse quartz sand with minor very fine to medium quartz sand; moderate to well sorted quartz sand; 20 percent
intergrain porosity in coarse quartz sand; coarser cycle top moderate and finer cycle base low; friable quartz sand; trace clay
matrix; bioturbated; cyclic 1-to 6-foot thick coarsening upward cycles; clay laminations within cycles thin upwards; thinly
laminated to medium bedded in part (0.25 to 6 inches thick)

No recovery

Quartz sand with clay interlaminations and interbeds; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay lamina-
tions and beds; varying from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly
medium to coarse quartz sand with minor very fine to medium quartz sand; moderate to well sorted quartz sand; 20 percent
intergrain porosity in coarse quartz sand; coarser cycle top moderate and finer cycle base low; friable quartz sand; trace clay
matrix; bioturbated; cyclic 1- to 6-foot thick coarsening upward cycles; clay laminations within cycles thin upwards; thinly
laminated to medium bedded in part (0.25 to 6 inches thick)

No recovery

Quartz sand with clay interlaminations and interbeds; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay lamina-
tions and beds; varying from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly
medium to coarse quartz sand with minor very fine to medium quartz sand; moderate to well sorted quartz sand; 20 percent
intergrain porosity in coarse quartz sand; coarser cycle top moderate and finer cycle base low; friable quartz sand; trace clay
matrix; bioturbated; cyclic 1- to 6-foot thick coarsening upward cycles; clay laminations within cycles thin upwards; thinly
laminated to medium bedded in part (0.25 to 6 inches thick)

No recovery

Quartz sand with clay interlaminations and interbeds; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay lamina-
tions and beds; varying from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly
medium to coarse quartz sand with minor very fine to medium quartz sand; moderate to well sorted quartz sand; 20 percent
intergrain porosity in coarse quartz sand; coarser cycle top moderate and finer cycle base low; friable quartz sand; trace clay
matrix; bioturbated; cyclic 1- to 6-foot thick coarsening upward cycles; clay laminations within cycles thin upwards; thinly
laminated to medium bedded in part (0.25 to 6 inches thick)

No recovery

Quartz sand with clay interlaminations and interbeds; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay lamina-
tions and beds; varying from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly
medium to coarse quartz sand with minor very fine to medium quartz sand; moderate to well sorted quartz sand; 20 percent
intergrain porosity in coarse quartz sand; coarser cycle top moderate and finer cycle base low; friable quartz sand; trace clay
matrix; bioturbated; cyclic 1- to 6-foot thick coarsening upward cycles; clay laminations within cycles thin upwards; thinly
laminated to medium bedded in part (0.25 to 6 inches thick)

No recovery

Interlaminated mudstone and quartz sand; light olive gray 5Y 6/1 quartz sand and light olive gray 5Y 6/1 to olive gray
5Y 4/1clay laminations and beds; mainly clay and medium to small pebble-sized quartz sand; very low to low hydraulic
conductivity;

No recovery

Interlaminated mudstone and quartz sand; light olive gray 5Y 6/1 quartz sand and light olive gray 5Y 6/1 to olive gray
5Y 4/1clay laminations and beds; mainly clay and medium to small pebble-sized quartz sand; very low to low hydraulic
conductivity;

Quartz sandstone; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay laminations and beds; mainly fine to medium
quartz sand and minor very fine quartz sand; well sorted quartz sand; low hydraulic conductivity; hard; well cemented;
possible unconformity at 384.6 feet

No recovery (probably unconsolidated sand based on gamma ray)
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Depth
(feet below
land surface)

Lithologic description of GL-327 test corehole

424.5-424.7

424.7-430.5

430.5-435.4

435.4-436.0

436.0-446.5

446.5-453.7

453.7-454.0

Quartz sandstone; yellowish gray sand 5Y 8/1 and light olive gray 5Y 6/1 clay laminations and beds; mainly fine to medium
quartz sand and minor very fine and coarse to small pebble-sized quartz sand; well sorted quartz sand; low hydraulic
conductivity; hard; well cemented with lime mudstone matrix; possible unconformity at 384.6 feet

Interlaminated mudstone and quartz sand; light olive gray 5Y 6/1 quartz sand and olive gray 5Y 4/1clay laminations and
beds; mainly clay and very fine quartz sand; very low hydraulic conductivity; bioturbated; clay matrix; abrupt contact or
unconformity at 424.7 feet

Quartz sand with clay matrix; light olive gray 5Y 6/1 quartz sand and olive gray 5Y 4/ clay laminations and beds; mainly
fine to coarse quartz sand and minor very coarse quartz sand; very low hydraulic conductivity; bioturbated; clay matrix

No recovery

Quartz sand; light olive gray 5Y 6/1 quartz sand and olive gray 5Y 4/1clay laminations and beds; mainly very fine to very
coarse quartz sand and minor very coarse quartz sand; 20 percent phosphorite and heavy minerals; low hydraulic conductiv-
ity; bioturbated; trace to abundant clay matrix; fuming upward cycle and thicken upward of clay laminations from 446.5 to
424.7 feet

Mudstone; olive gray 5Y 4/1; very low hydraulic conductivity; high-angle slickensides; possible unconformity at 446.5
suggested by apparent abrupt contact and sharp decrease in gammaray

No recovery
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GL-329 Test Corehole

FGS well number W-18075

GWSI number GL-329

Total depth 431 feet

Cored from 0to 431 feet
County Glades

Location SW, SW, sec. 25, T42S, R31E
Latitude 26° 47 74"
Longitude 081° 11' 13.5"
Elevation 34 feet
Completion date June 12, 2000
Other types of logs available None

Owner USGS

Driller FGS

Core described by Kevin J. Cunningham
Fill 0to 17 feet
Undifferentiated 17 to 29 feet
Tamiami Formation 29t0 153.3 feet
Upper Peace River Formation 153.3t0 393.4 feet
Lower Peace River Formation(?) 393.4 to 431 feet
Water-table aquifer 0to 69.6 feet
Tamiami confining zone 69.6 t0 93.2 feet
Lower Tamiami aquifer 93.2 t0 206 feet

Appendix--Litholotic Description, Core GL-329
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Depth
(feet below
land surface)

Lithologic description of GL-329 test corehole

0.0-17.0

17.0-17.1

17.1-174

17.4-22.0

22.0-24.0

24.0-24.7

24.7-28.0

28.0-28.5

28.5-29.0

29.0-30.2

30.2-32.5

32.5-32.6

32.6-36.0

36.0-36.3

36.3-41.0

41.0-42.8

42.8-46.0

46.0-46.9

46.9-51.0

51.0-54.3

54.3-56.0

Fill
Peat; black N1; low hydraulic conductivity

Quartz sand; brownish gray 5YR 4/1; mainly very fine to fine quartz sand; well sorted quartz sand; 25 percent intergrain
porosity; moderate hydraulic conductivity; minor organics in matrix

No recovery

Quartz sand; brownish gray 5YR 4/1; mainly very fine to medium quartz sand; well sorted quartz sand; 20 percent inter-
grain porosity; moderate hydraulic conductivity; abundant dark organic material in matrix

Unconsolidated pelecypod and gastropod lime rudstone and quartz sand matrix; brownish gray 5Y R 4/1; mainly very fineto
medium quartz sand; minor to very large pebble-sized fossils; well sorted quartz sand; very poorly sorted fossils and sand;

20 percent intergrain porosity; moderate hydraulic conductivity; one sample of hard limestone contains |aminated calcrete

filling voids indicating a possible exposure surface in interval

No recovery

Pelecypod lime rudstone with chalky lime packstone and grainstone matrix; very pale orange 10Y R 8/2; mainly coarse to
medium pebble-sized pelecypods; moderate hydraulic conductivity

Quartz sand; pale yellowish brown 10Y R 6/2; mainly very fine to medium quartz sand; minor coarse quartz sand and coarse
to medium pebble-sized pelecypods; moderately sorted quartz sand; 25 percent intergrain porosity; moderate hydraulic
conductivity; minor broken pelecypod shells

Quartz sand; very light gray N8; mainly fine to medium quartz sand; minor very fine and coarse to very coarse quartz sand
and very coarse to granule-sized pel ecypods; trace medium pebble-sized pelecypods; moderately sorted quartz sand;
25 percent intergrain porosity; moderate hydraulic conductivity; 20-30 percent broken pelecypod shells

No recovery

Quartz sand; very light gray N8; mainly fine to medium quartz sand; minor very fine and coarse to very coarse quartz sand
and very coarse to granule-sized pel ecypods; trace medium pebble-sized pelecypods; moderately sorted quartz sand;
25 percent intergrain porosity; moderate hydraulic conductivity; 20-30 percent broken pelecypod shells

No recovery

Rubble of loose pelecypod and gastropod shells up to large pebble size and one large pebble composed of laminated
calcrete, possible exposure surface in interval

No recovery

Unconsolidated pelecypod lime rudstone with quartz sand matrix; light gray N7; mainly fine to medium quartz sand; minor
very fine and coarse quartz sand and coarse to granule-sized fossils; well sorted quartz sand; poorly sorted fossils and sand;
pelecypods, gastropods and barnacles; 20 percent intergrain porosity; moderate hydraulic conductivity

No recovery

Unconsolidated pelecypod lime rudstone with quartz sand matrix; light gray N7; mainly fine to medium quartz sand; minor
very fine and coarse quartz sand and coarse to granule-sized fossils; well sorted quartz sand; poorly sorted fossils and sand;
pelecypods, gastropods and barnacles; 20 percent intergrain porosity; moderate hydraulic conductivity

No recovery

Quartz sand with abundant broken pelecypod shells; light gray N7; mainly fine to medium quartz sand; minor very fine and
coarse quartz sand and coarse to granule-sized fossils; well sorted quartz sand; poorly sorted fossils and sand; 20 percent
intergrain porosity; moderate hydraulic conductivity

No recovery
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Depth
(feet below
land surface)

Lithologic description of GL-329 test corehole

56.0-58.0

58.0-61.0

61.0-64.5

81.3-86.0

86.0-93.2

93.2-96.0

96.0-96.7

96.7-101.0

101.0-102.3

102.3-102.5

102.5-106.0

106.0-110.3

110.3-111.0

111.0-112.5

112.5-122.0

122.0-130.5

130.5-131.0

Quartz sand with abundant broken pelecypod shells; very pale orange 10Y R 8/2; mainly fine to medium quartz sand; minor
very fine quartz sand and coarse to granule-sized fossils; well sorted quartz sand; poorly sorted fossils and sand; pelecy-
pods, gastropods and barnacles; 30 percent intergrain porosity; moderate hydraulic conductivity

No recovery

Quartz sand with abundant broken pelecypod shells; yellowish gray 5Y 8/1; mainly fine quartz sand; minor very fine and
medium quartz sand and coarse to granule-sized

No recovery

Quartz sand with abundant broken pelecypod shells; yellowish gray 5Y 8/1; mainly medium quartz sand; minor very fineto
fine and coarse quartz sand; minor very coarse to granule-sized fossils; well sorted quartz sand; poorly sorted quartz sand
and shells; 40-50 percent pel ecypods, bryozoans, barnacles, gastropods, serpulid tubes; 25 percent intergrain porosity;
moderate hydraulic conductivity

No recovery

Quartz sand with abundant broken pelecypod shells; yellowish gray 5Y 8/1; mainly medium quartz sand; minor very fineto
fine and coarse quartz sand; minor very coarse to granule-sized fossils; well sorted quartz sand; poorly sorted quartz sand
and shells; 40-50 percent pel ecypods, bryozoans, barnacles, gastropods, serpulid tubes; 25 percent intergrain porosity;
moderate hydraulic conductivity

No recovery

Quartz sand with abundant broken pelecypod shells; yellowish gray 5Y 8/1; mainly medium to coarse quartz sand; minor
very fine to fine quartz sand; minor very coarse to granule-sized fossils; well sorted quartz sand; poorly sorted quartz sand
and shells; 40-50 percent pel ecypods, bryozoans, barnacles, gastropods, serpulid tubes; 25 percent intergrain porosity;
moderate hydraulic conductivity

Quartz sand with abundant broken pelecypod shells and clay matrix and quartz sandstone; yellowish gray 5Y 8/1 and
medium gray N5 sandstone; mainly medium to coarse quartz sand; minor very fine to fine quartz sand; minor very coarseto
granule-sized fossils; minor very fine to medium quartz sandstone; well sorted quartz sand; poorly sorted quartz sand and
shells; 40-50 percent pelecypods, bryozoans, barnacles, gastropods, serpulid tubes; sand 25 percent intergrain porosity and
sandstone 10 percent intergrain and moldic porosity; low hydraulic conductivity; clay matrix in sand; well-cemented, hard
quartz sandstone; sandstone is broken into fragments probably by drilling

No recovery

Quartz sand and quartz sandstone with broken pelecypod shells; yellowish gray 5Y 8/1 and medium gray N5 sandstone;
mainly fine to medium quartz sand and sandstone; minor fine and coarse quartz sand and sandstone; minor very coarse to
granule-sized fossils; moderately to well sorted quartz sand and sandstone; poorly sorted quartz sand and shells; 30-40 per-
cent pelecypods; low hydraulic conductivity; minor clay matrix in sand; hard quartz sandstone with alime mudstone
matrix; sandstone is broken into fragments probably by drilling

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly fineto very coarse quartz sand; minor very fine and granule quartz sand; minor
medium sand- to small pebble-sized phosphorite grains; poor to moderately sorted quartz sand; poorly sorted quartz sand
and shells; 10-25 percent pel ecypods, barnacles, gastropods; 5 percent phosphorite and heavy minerals; 25 percent inter-
grain porosity; moderate hydraulic conductivity

Quartz sand; yellowish gray 5Y 8/1; mainly fine to coarse quartz sand; minor very fine and very coarse quartz sand; minor
medium to very coarse phosphorite grains, moderately sorted quartz sand; trace to 5 percent pelecypods, barnacles, gastro-
pods; 5 percent phosphorite and heavy minerals; 25 percent intergrain porosity; moderate hydraulic conductivity

Quartz sand; yellowish gray 5Y 8/1; mainly fine sand; minor very fine and medium to very coarse quartz sand; minor
medium to very coarse phosphorite grains; moderately to well sorted quartz sand; 5 percent phosphorite and heavy
minerals; 25 percent intergrain porosity; low to moderate hydraulic conductivity

No recovery
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Depth
(feet below
land surface)

Lithologic description of GL-329 test corehole

131-131.9

131.9-133.8

133.8-136.0

136.0-141.0

141.0-1425

142.5-143.0

143.0-146.0

146.0-149.7

149.7-151.0

151.0-153.15

153.15-153.3

153.3-154.2

154.2-156.0

156.0-162.3

162.3-163.9

163.9-165.3

165.3-166.0

Quartz sand; yellowish gray 5Y 8/1; mainly very fine sand; minor very fine and trace medium to coarse quartz sand; minor
medium to coarse phosphorite grains; moderately to well sorted quartz sand; 5 percent phosphorite and heavy minerals;
25 percent intergrain porosity; moderate hydraulic conductivity

Quartz sand and sandstone; yellowish gray 5Y 8/1; mainly fine to coarse sand; minor very fine and very coarse to
granule-sized quartz sand; minor medium to coarse phosphorite grains; poorly to moderately sorted quartz sand; 5 percent
phosphorite and heavy minerals; minor pelecypods in sandstone

No recovery

Quartz sand and sandstone; yellowish gray 5Y 8/1; mainly fine to coarse sand; minor very fine and very coarse to granule-
sized quartz sand; minor medium to coarse phosphorite grains; poorly to moderately sorted quartz sand; minor pelecypods
in sandstone 5 percent phosphorite and heavy minerals; abundant pelecypods (including oysters); sand 25 percent intergrain
porosity and sandstone 10 percent intergrain and moldic porosity; sandstone low hydraulic conductivity and sand moderate
hydraulic conductivity; friable quartz sand; well-cemented, hard sandstone

Quartz sandstone; yellowish gray 5Y 8/1; mainly fine to coarse sand; minor very fine and very coarse to granule-sized
quartz sand; moderately sorted quartz sandstone; 10 percent intergrain and moldic porosity; low hydraulic conductivity;
well-cemented, hard sandstone

Quartz sand; yellowish gray 5Y 8/1; mainly medium to very coarse sand; minor very fine to fine and granule-sized quartz
sand; minor medium to very coarse phosphorite grains; moderately sorted quartz sand; 5 percent phosphorite and heavy
minerals; minor broken pelecypod shells; 25 percent intergrain porosity; moderate hydraulic conductivity; friable

No recovery

Quartz sand and minor quartz sandstone; yellowish gray 5Y 8/1; mainly medium to very coarse sand and sandstone; minor
very fineto fine and granule-sized quartz sand and sandstone; minor medium to very coarse phosphorite grains; moderately
sorted quartz sand and sandstone; 5 percent phosphorite and heavy minerals; minor broken pelecypod shells; sand 25 per-
cent intergrain porosity and sandstone intergrain and moldic porosity; sand moderate hydraulic conductivity and sandstone
low hydraulic conductivity; friable quartz sand; well-cemented, hard sandstone

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly coarse to very coarse sand; minor very fine to medium and granule-size quartz
sand; minor medium to very coarse phosphorite grains, moderately sorted quartz sand; 5 percent phosphorite and heavy
minerals; minor broken pelecypod shells; 25 percent intergrain porosity; moderate hydraulic conductivity; friable

Unconsolidated quartz sand-rich, foraminiferalime grainstone; very pale orange 10Y R 8/2; minor very fine to fine quartz
sand; well sorted quartz sand; minor mica; 25 percent intergrain porosity; low to moderate hydraulic conductivity; friable;
abrupt contact above and below

Quartz sand; yellowish gray 5Y 8/1; mainly fineto coarse sand; minor very fine and very coarse to granule-size quartz sand;
minor very fine to granule-size phosphorite grains; moderately sorted quartz sand; 5-10 percent phosphorite and heavy min-
erals; 25 percent intergrain porosity; moderate hydraulic conductivity; friable; chalky cement matrix in uppermost 2 inches
possibly related to an unconformity

No recovery

Quartz sand; very light gray N8; mainly very fine to coarse sand; minor very coarse to granule-sized quartz sand; poorly to
moderately sorted quartz sand; 25 percent intergrain porosity; low to moderate hydraulic conductivity; friable

Quartz sand with pelecypods; very light gray N8; mainly very fineto coarse sand; minor very coarse to granule-sized quartz
sand; poorly to moderately sorted quartz sand; abundant large pelecypods; 25 percent intergrain porosity; low to moderate
hydraulic conductivity; friable

Quartz sand; very light gray N8; mainly very fine to coarse sand; minor very coarse to granule-sized quartz sand; poorly to
moderately sorted quartz sand; 25 percent intergrain porosity; low to moderate hydraulic conductivity; friable

No recovery
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Depth
(feet below
land surface)

Lithologic description of GL-329 test corehole

166.0-169.3

169.3-171.0

171.0-177.0

177.0-178.0

178.0-185.0

185.0-186.0

186.0-187.5

187.5-190.0

190.0-192.0

192.0-195.0

195.0-195.1

195.1-200.0

200.0-204.3

204.3-206.0

206.0-206.1

206.1-210.3

210.3-212.0

212.0-218.0

218.0-220.0

220.0-224.0

224.0-226.0

Quartz sand; very light gray N8; mainly very fine to coarse sand; minor very coarse to granule-sized quartz sand; poorly to
moderately sorted quartz sand; 25 percent intergrain porosity; low to moderate hydraulic conductivity; friable

No recovery

Quartz sand; very light gray N8; mainly very fine to coarse sand; minor very coarse to granule-sized quartz sand; poorly to
moderately sorted quartz sand; 25 percent intergrain porosity; low to moderate hydraulic conductivity; friable

No recovery

Quartz sand; very light gray N8; mainly very fine to coarse sand; minor very coarse to granule-sized quartz sand; poorly to
moderately sorted quartz sand; 25 percent intergrain porosity; low to moderate hydraulic conductivity; friable

No recovery

Quartz sand; very light gray N8; mainly very fine to coarse sand; minor very coarse to granule-sized quartz sand; poorly to
moderately sorted quartz sand; 25 percent intergrain porosity; low to moderate hydraulic conductivity; friable

No recovery

Quartz sand; very light gray N8; mainly very fine to coarse sand; minor very coarse to granule-sized quartz sand; poorly to
moderately sorted quartz sand; 25 percent intergrain porosity; low to moderate hydraulic conductivity; friable

No recovery
Rubble of sandstone
No recovery

Quartz sand; very light gray N8; mainly very fine to coarse sand; minor very coarse to granule-sized quartz sand; poorly to
moderately sorted quartz sand; 25 percent intergrain porosity; low to moderate hydraulic conductivity; friable

No recovery

Quartz sandstone; very light gray N8; mainly medium to coarse sand; minor fine and very coarse sized quartz sand; poorly
to moderately sorted quartz sand; 10 percent intergrain porosity; low hydraulic conductivity; hard, well-cemented sand-
stone; possible unconformity at top

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly very fine to coarse quartz
sand; moderately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate
hydraulic conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to
5-foot thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly very fine to coarse quartz
sand; moderately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate
hydraulic conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to
5-foot thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly very fine to coarse quartz
sand; moderately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate
hydraulic conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to
5-foot thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery
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Depth
(feet below
land surface)

Lithologic description of GL-329 test corehole

226.0-230.0

230.0-234.0

234.0-239.5

239.5-241.0

241.0-245.4

245.4-251.0

251.0-251.6

251.6-255.0

255.0-256.7

256.7-260.0

260.0-262.7

262.7-270.0

270.0-275.4

275.4-280.0

280.0-283.8

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly very fine to coarse quartz
sand; moderately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate
hydraulic conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to
5-foot thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly very fine to coarse quartz
sand; moderately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate
hydraulic conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1-to-
5 foot thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly very fine to coarse quartz
sand; moderately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate
hydraulic conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to
5-foot thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly very fine to coarse quartz
sand; moderately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate
hydraulic conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to
5-foot thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly very fine to coarse quartz
sand; moderately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate
hydraulic conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to
5-foot thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly very fineto coarse quartz
sand; moderately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate
hydraulic conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to
5-foot thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine to medium quartz sand with minor very fine and coarse quartz sand to mainly very fine to coarse quartz
sand; moderately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate
hydraulic conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to
5-foot thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine quartz sand with minor very fine and medium quartz sand to mainly very fine to coarse quartz sand; mod-
erately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate hydraulic
conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to 5-foot
thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards
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Depth
(feet below
land surface)

Lithologic description of GL-329 test corehole

283.8-290.0

290.0-292.5

292.5-300.0

300.0-305.2

305.2-310.0

310.0-312.7

312.7-320.0

320.0-323.0

323.0-330.0

330.0-334.5

334.5-335.0

335.0-336.0

336.0-341.0

341.0-343.3

343.3-344.0

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine quartz sand with minor very fine and medium quartz sand to mainly very fine to coarse quartz sand; mod-
erately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate hydraulic
conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to 5-foot
thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine quartz sand with minor very fine and medium quartz sand to mainly very fine to coarse quartz sand; mod-
erately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate hydraulic
conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to 5-foot
thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine quartz sand with minor very fine and medium quartz sand to mainly very fine to coarse quartz sand; mod-
erately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate hydraulic
conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to 5-foot
thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine quartz sand with minor very fine and medium quartz sand to mainly very fine to coarse quartz sand; mod-
erately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate hydraulic
conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to 5-foot
thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine quartz sand with minor very fine and medium quartz sand to mainly very fine to coarse quartz sand; mod-
erately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate hydraulic
conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to 5-foot
thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine quartz sand with minor very fine and medium quartz sand to mainly very fine to coarse quartz sand; mod-
erately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate hydraulic
conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to 5-foot
thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine quartz sand with minor very fine and medium quartz sand to mainly very fine to coarse quartz sand; mod-
erately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate hydraulic
conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to 5-foot
thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery
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Depth
(feet below
land surface)

Lithologic description of GL-329 test corehole

344.0-346.8

346.8-350.7

350.7-354.0

354.0-370

370.0-373.4

373.4-375.0

375.0-376.8

376.8-380.8

380.8-381.0

381.0-384.8

384.8-391.0

391.0-392.8

392.8-393.0

393.0-393.4

393.4-394.6

394.6-410.0

410.0-410.5

410.5-411.2

411.2-416.5

416.5-417.5

417.5-431.0

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and light olive gray 5Y 6/1 clay laminations; varying
from mainly fine quartz sand with minor very fine and medium quartz sand to mainly very fine to coarse quartz sand; mod-
erately sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate hydraulic
conductivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to 5-foot
thick fining upward cycles; clay laminations within cycles thicken and increase in abundance upwards

Quartz sand; yellowish gray 5Y 8/1; mainly very fineto fine quartz sand with minor medium quartz sand; well sorted quartz
sand; 5 percent phosphorite and heavy minerals; 25 percent intergrain porosity; low to moderate hydraulic conductivity;
trace clay matrix

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly very fineto fine quartz sand with minor medium quartz sand; well sorted quartz
sand; 5 percent phosphorite and heavy minerals; 25 percent intergrain porosity; low to moderate hydraulic conductivity;
trace clay matrix

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and olive gray 5Y 4/1 clay laminations; varying from
mainly fine quartz sand with minor very fine and medium quartz sand to mainly very fine to coarse quartz sand; moderately
sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; coarser lower cycle moderate hydraulic conduc-
tivity and finer upper cycle low hydraulic conductivity; friable quartz sand; trace clay matrix; cyclic 1- to 5-foot thick fining
upward cycles; clay laminations within cycles thicken and increase in abundance upwards

No recovery

Quartz sand with minor clay laminations; yellowish gray 5Y 8/1 sand and olive gray 5Y 4/1 clay laminations; varying from
mainly fine quartz sand with minor very fine and medium quartz sand to mainly very fine to coarse quartz sand; moderately
sorted quartz sand; 20-25 percent intergrain porosity in coarse quartz sand; low to moderate hydraulic conductivity; friable
quartz sand; trace clay matrix

Quartz sand; yellowish gray 5Y 8/1; mainly very fineto fine quartz sand with minor medium quartz sand; well sorted quartz
sand; 5 percent phosphorite and heavy minerals; 25 percent intergrain porosity; low to moderate hydraulic conductivity;
trace clay matrix

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly fine to medium quartz sand with minor very fine and coarse quartz sand; well
sorted quartz sand; 5 percent phosphorite and heavy minerals; 25 percent intergrain porosity; moderate hydraulic conductiv-
ity; trace clay matrix; uncommon clay laminations

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly fine to medium quartz sand with minor very fine and coarse quartz sand; well
sorted quartz sand; 5 percent phosphorite and heavy minerals; 25 percent intergrain porosity; moderate hydraulic conductiv-
ity; trace clay matrix; uncommon clay laminations

No recovery

Quartz sand; yellowish gray 5Y 8/1; mainly fine quartz sand with minor very fine and medium quartz sand; well sorted
quartz sand; moderate hydraulic conductivity

Mudstone; olive gray 5Y 4/1; very low hydraulic conductivity
No recovery
Mudstone; olive gray 5Y 4/1; very low hydraulic conductivity
Mudstone; olive gray 5Y 4/1; very low hydraulic conductivity
No recovery
Mudstone; olive gray 5Y 4/1; very low hydraulic conductivity

No recovery
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HE-1118 Test Corehole

Florida Geological Survey well number W-18072

GWSI number HE-1118

Total depth 26.75 feet

Cored from 0t0 26.75 feet

County Hendry

Location NE, sec. 19, T43S, R31E
Latitude 26° 44' 08"

Longitude 81° 15' 55"

Elevation 22 feet

Completion date July 23, 1999

Other types of logs available

Induction, gamma ray, resistivity, spontaneous potential

Owner U.S. Geological Survey
Driller Florida Geological Survey
Core described by Kevin J. Cunningham
Pamlico Sand 0to 8.5 feet
Caloosahatchee Formation 8.5t0 21 feet

Top Tamiami Formation 21 feet

Water-table aquifer 0to 8.5 feet

Confining zone 8.5t0 21 feet

Top subaquifer of surficial aquifer

21 feet (electrical logs contributed to selection of tops)

Appendix--Litholotic Descriptions, Core HE-1118
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Depth
(feet below
land surface)

Lithologic description of HE-1118 test corehole

0.0-2.0

2.0-6.0

6.0-7.0

7.0-7.9

7.9-10.3

10.3-11.3

11.3-15.0

15.0-16.4

16.4-16.7

16.7-17.0

17.0-17.6

17.6-21.0

21.0-26.0

26.0-26.8

Quartz sand; pale yellowish brown 10YR 6/2; N1 black heavy minerals; mainly very fine to medium quartz sand; minor
silt-sized quartz, coarse quartz sand, pelecypods up to large pebble size, lithoclasts up to large pebble size, and very fine
heavy minerals; moderately sorted; subangular to subrounded; 3 percent pelecypodsincluding Chione; trace heavy minerals;
30 percent intergrain porosity; moderate hydraulic conductivity; soft wet; loose, unconsolidated sand.

Quartz sand; mottled very pale orange 10YR 8/2, grayish orange 10Y R 7/4; mainly very fine to medium quartz sand; minor
silt-sized quartz, coarse to very coarse quartz sand, and very fine heavy minerals; moderately sorted; subangular to
subrounded; trace black heavy minerals; 30 percent intergrain porosity; moderate hydraulic conductivity; soft wet; loose,
unconsolidated sand.

No recovery

Quartz sand; mottled very pale orange 10YR 8/2, grayish orange 10Y R 7/4; mainly very fine to medium quartz sand;
minor silt-sized quartz, coarse to very coarse quartz sand, and very fine heavy minerals, moderately sorted; subangular to
subrounded; trace black heavy minerals; 30 percent intergrain porosity; moderate hydraulic conductivity; soft wet; loose,
unconsolidated sand.

No recovery.

Pelecypod lime floatstone with quartz sand-rich, skeletal wackestone matrix; very pale orange 10Y R 8/2, grayish orange
10YR 7/4; mainly very fineto medium quartz sand; minor coarse quartz sand and fine sand-sized to large pebbl e-sized fossils
and fossil fragments; well sorted; subangular to subrounded; pelecypods and bryozoans; 20-40 percent quartz sand; 15 per-
cent moldic, root-mold, intergrain porosity; low to moderate hydraulic conductivity; very hard wet; well consolidated; 1-mm
diameter, semivertical root molds.

No recovery.

Shelly sandstone; very pale orange 10Y R 8/2; mainly clay-size marl, very fine to medium quartz sand and medium sand-sized
to very large pebble-sized fossils and fossil fragments; well sorted; subangular to subrounded; 40 percent fossils (pelecypods
and subordinate gastropods); 10 percent intergrain porosity; low hydraulic conductivity; soft wet; marl matrix

Pelecypod rudstone with quartz sand-rich marly matrix; pale yellowish brown 10Y R 6/2; very fine sand-sized to very large
pebble-sized fossils and fossil fragments, clay-size marl, very fine to medium quartz sand; minor coarse quartz sand; moder-
ately sorted; subangular to subrounded; pelecypods and subordinate gastropods; 20 percent quartz sand; 10 percent intergrain
porosity; low hydraulic conductivity; soft wet; marl matrix.

No recovery.

Pelecypod-oyster rudstone with quartz sand-rich, grain-dominated, skeletal packstone matrix; yellowish gray 5Y 8/1,
medium light gray N6 to light gray N7; very fine sand-sized to very large pebble-sized fossils and fossil fragments, clay-size
marl, very fine to medium quartz sand; minor coarse quartz sand; moderately sorted; subangular to subrounded; pelecypods
and subordinate gastropods; 20 percent quartz sand; 30 percent moldic porosity; low to moderate hydraulic conductivity; soft
wet; marly matrix.

No recovery.

Loose pelecypod shells; very pale orange 10Y R 8/2, medium dark gray N4 to very light gray N6; coarse sand-sized to
medium pebble-sized fossils and fossil fragments; minor very fine to medium quartz sand; well sorted; subangular to sub-
rounded; 90 percent pelecypods and subordinate gastropods and barnacles; 5 percent quartz sand; 5 percent clay; 35 percent
intergrain porosity; moderate hydraulic conductivity to high; unconsolidated, |0ose shells; most shells broken; very minor
matrix of sandy clay; interval from 21-26 feet represented by a single sample bag.

No recovery.
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L -5809 Test Corehole

Florida Geological Survey well number W-18071

GWSI number L-5809

Total depth 100 feet

Cored from 0to 100 feet

County Lee

Location NE, sec. 26, T43S, R27E
Latitude 26° 42' 57"

Longitude 81° 35' 27"

Elevation 8 feet

Completion date July 11, 1999

Other types of logs available

Induction, gamma ray, resistivity, spontaneous potential

Owner U.S. Geological Survey
Driller Florida Geological Survey
Core described by Kevin J. Cunningham
Pamlico Sand(?) 0to 2.6 feet

Bee Branch Member of Caloosahatchee Marl(?) 2.6t0 4.5 feet
Buckingham Member of Tamiami Formation 4.5t0 38.9 feet

Peace River Formation 38.9 to 100 feet
Water-table aquifer 0to 4.5 feet

Upper confining unit 4.510 40 feet

Clastic zone of sandstone aquifer 40 t0 90.75 feet

Top carbonate zone of sandstone aquifer 90.75 feet

Note

WEell had artesian flow after reaching total depth, possi-
bly from the carbonate zone of the sandstone aquifer

Appendix--Litholotic Descriptions, Core L-5809
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Depth (feet
below land
surface)

Lithologic description of L-5809 test corehole

0.0-2.6

2.6-45

4.5-6.6

6.6-7.0

7.0-10.9

10.9-12.0

12.0-13.1

13.1-14.0

14.0-16.8

16.8-17.0

17.0-21.0

21.0-22.0

22.0-26.2

26.2-26.6

26.6-27.0

27.0-285

28.5-315

Quartz sand; light brownish gray 5YR 6/1, dark yellowish brown 10YR 4/2, dusky yellowish brown 10YR 2/2; mainly very
fine to fine quartz sand; minor silt-sized quartz and medium quartz sand; well sorted; subangular to subrounded; trace clay in
lower part of interval; 15-25 percent intergrain porosity; low to moderate hydraulic conductivity; soft wet; loose sand; abun-
dant organics particles; recent rootlets.

Pelecypod lime floatstone with skeletal grainstone and quartz sand-rich lime mudstone matrix; very pale orange 10YR 8/2,
moderate yellowish brown 10Y R 5/4; mainly medium sand-sized to granule-sized fossil fragments and lime mud; minor very
fine to fine quartz sand and pebble-sized fossils; well sorted; angular to subrounded; <30 percent quartz sand; 20 percent
vuggy and micro porosity; low to moderate hydraulic conductivity; very hard to firm wet; weathered to a chalky texturein
part; mostly samples of rubble.

Marl; very pale orange 10Y R 8/2; mainly clay-sized micrite and clay; minor quartz silt and very fineto very large pebble-sized
fossils; <5 percent skeletal fragments and pelecypods; very low porosity; very low hydraulic conductivity; firm wet; hard dry.

No recovery.

Marl; very pale orange 10Y R 8/2; mainly clay-sized micrite and clay; minor quartz silt and very fineto very large pebble-sized
fossils; <5 percent skeletal fragments and pelecypods; very low porosity; very low hydraulic conductivity; firm wet; hard dry.

No recovery.

Marl; very pale orange 10Y R 8/2; mainly clay-sized micrite and clay; minor quartz silt and very fineto very large pebble-sized
fosgils; <5 percent skeletal fragments and pelecypods; very low porosity; very low hydraulic conductivity; firm wet; hard dry.

Marly terrigenous mudstone; yellowish gray 5Y 8/1, very pale orange 10Y R 8/2; mainly clay and clay-sized micrite; minor
very fine to fine quartz sand; 5-20 percent quartz sand; 5-10 percent small benthic foraminifers; trace shark’steeth and fish
scales; subangular to subrounded; very low porosity; very low hydraulic conductivity; firm wet; hard dry.

Marly terrigenous mudstone; light olive gray 5Y 6/1 and 5Y 5/2; dark yellowish orange 10Y R 6/6 phosphate grains; mainly
clay and clay-sized micrite; minor very fine to fine quartz sand and very fine to fine phosphate grains; 5-20 percent quartz
sand; 5-10 percent small benthic foraminifers; <5 percent phosphate grains; trace shark’s teeth and fish scales; subangular to
subrounded; very low porosity; very low hydraulic conductivity; firm wet; hard dry.

No recovery.

Marly terrigenous mudstone; light olive gray 5Y 6/1 and 5Y 5/2; dark yellowish orange 10Y R 6/6 phosphate grains; mainly
clay and clay-sized micrite; minor very fine to fine quartz sand and very fine to fine phosphate grains; 5-20 percent quartz
sand; 5-10 percent small benthic foraminifers; <5 percent phosphate grains; trace shark’s teeth and fish scales; subangular to
subrounded; very low porosity; very low hydraulic conductivity; firm wet; hard dry.

No recovery.

Terrigenous mudstone; light olive gray 5Y 6/1; dark yellowish orange 10Y R 6/6 phosphate grains; mainly clay; minor very
fine to fine quartz sand and very fine to fine phosphate grains; 5-20 percent quartz sand; <10 percent small benthic foramini-
fers and <20 percent phosphate grainsin sand laminations; trace shark’s teeth and fish scales; angular to subrounded; very
low porosity; very low hydraulic conductivity; firm wet; hard dry; sand occursin thin to thick laminations.

Quartz sand with clay matrix; yellowish gray 5Y 7/2; dark yellowish orange 10Y R 6/6 phosphate grains; mainly very fine
quartz sand; minor fine quartz sand and very fine to fine phosphate grains; well sorted; subangular to subrounded; 10 percent
small benthic foraminifers; 15 percent phosphate grains; 15 percent intergrain porosity; low hydraulic conductivity; soft wet.

No recovery.

Quartz sand with clay matrix; yellowish gray 5Y 7/2; dark yellowish orange 10Y R 6/6 phosphate grains; mainly very fine
quartz sand; minor fine quartz sand and very fine to fine phosphate grains; well sorted; subangular to subrounded; 10 percent
small benthic foraminifers; 15 percent phosphate grains; 5-15 percent intergrain porosity; very low to low hydraulic conduc-
tivity; soft wet; thin to thick laminations and thin beds of clay, quartz sand and phosphate sand; fines upward to a clay cap.

Quartz sand with clay matrix; yellowish gray 5Y 8/1, light olive gray 5Y 6/1; moderate yellowish brown 10Y R 5/4 and
brownish gray 5Y R 4/1 phosphate grains, mainly very fine quartz sand; minor fine quartz sand and very fine to fine phos-
phate grains; well sorted; subangular to subrounded; 40 percent phosphate grains; 1 percent small benthic foraminifers; trace
pelecypods, fish scales; 5-15 percent intergrain porosity; very low to low hydraulic conductivity; soft wet; thin to thick lami-
nations and thin beds of clay, quartz sand and phosphate sand; fines upward to a clay cap; possible mud cracks at 30.9 feet.
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Depth (feet
below land
surface)

Lithologic description of L-5809 test corehole

31.5-36.8

36.8-37.0

37.0-37.6

37.5-38.9

38.9-40.0

40.0-41.0

41.0-44.6

44.6-46.0

46.0-48.0

48.0-50.0

50.0-55.3

55.3-55.5

55.5-59.5

59.5-60.5

60.5-63.7

63.7-65.5

65.5-66.0

Interbedded terrigenous mudstone, quartz sand and phosphate sand; yellowish gray 5Y 8/1, light olive gray 5Y 6/1, olive gray
5Y 4/1; black N1 phosphate grains; mainly very fine quartz sand; minor fine quartz sand and very fine to fine phosphate
grains; well sorted; subangular to subrounded; 40 percent phosphate grains; 1 percent small benthic foraminifers; trace
pelecypods, fish scales, siliceous spicules; 5-15 percent intergrain porosity; very low to moderate hydraulic conductivity; soft
wet; thin to thick laminations and thin beds of clay, quartz sand and phosphate sand.

Dolosilt; light olive gray 5Y 6/1; mainly silt-sized dolomite; 5 percent microporosity; very low hydraulic conductivity.

Quartz sand; light olive gray 5Y 6/1; black N1 phosphate grains; mainly very fine quartz sand; minor fine to small pebble-
sized quartz sand and very fine to small pebble-sized phosphate grains; moderately sorted; subangular to subrounded; 25 per-
cent phosphate grains; 15 percent intergrain porosity; low hydraulic conductivity; soft wet; base of fining upward unit with
top at 31.5 feet; possible erosional unconformity at 37.6 feet.

Pelecypod limefloatstone with quartz sand-rich lime mudstone matrix; yellowish gray 5Y 8/1; mainly fine quartz sand; minor
very fineto small pebble-sized quartz and up to very large pebble-sized fossils; moderately sorted; subangular to subrounded;
pelecypods and minor cerithiids(?); 10 percent intergrain porosity; low hydraulic conductivity; hard wet; limestone appears
chalky and weathered, possible subaeria unconformity at top.

Quartz sand; light olive gray 5Y 6/1; black N1 phosphate grains; mainly very fine quartz sand; minor fine to small pebble-
sized quartz sand and very fine to granule-sized phosphate grains; moderately sorted; subangular to subrounded; 3 percent
phosphate grains; 10-25 percent intergrain porosity; low to moderate hydraulic conductivity; soft to firm wet; grades upward
from clean sand at base to micrite matrix at top.

No recovery.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphate grains, mainly fine to medium quartz sand; minor very fine and
coarse to granule-sized quartz sand, very fine to granule-sized phosphate grains and very fine heavy minera's; moderately
sorted; subangular to subrounded; 3 percent phosphate grains; trace heavy minerals; 25 percent intergrain porosity; moderate
hydraulic conductivity; soft wet; friable; frosted quartz sand grains; trace very irregular clay laminations.

No recovery.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphate grains; mainly fine to medium quartz sand; minor very fine and
coarse to granule-sized quartz sand, very fine to granule-sized phosphate grains and very fine heavy minera's; moderately
sorted; subangular to subrounded; 3 percent phosphate grains; trace heavy minerals; 25 percent intergrain porosity; moderate
hydraulic conductivity; soft wet; friable; minor frosted quartz grains.

No recovery.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphate grains; mainly very fine to medium quartz sand; minor coarse quartz
sand, very fine to medium phosphate grains, very fine heavy minerals, moderately to well sorted; subangular to subrounded;
3 percent phosphate grains; trace mica and heavy minerals; 25 percent intergrain porosity; moderate hydraulic conductivity;

soft wet; friable; minor frosted quartz grains.

No recovery.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphate grains; mainly very fine to fine quartz sand; minor medium quartz sand,
very fine to fine phosphate grains and very fine heavy minerals, well sorted; subangular to subrounded; 3 percent phosphate
grains, trace micaand heavy minerals; 25 percent intergrain porosity; moderate hydraulic conductivity; soft wet; friable.

No recovery.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphate grains; mainly very fine to fine quartz sand; minor medium quartz sand,
very fine to fine phosphate grains and very fine heavy minerals; well sorted; subangular to subrounded; 3 percent phosphate
grains; trace micaand heavy minerals, 20 percent intergrain porosity; moderate hydraulic conductivity; soft wet; friable.

Quartz sand; yellowish gray 5Y 8/1, light olive gray 5Y 6/1; black N1 phosphate grains, mainly very fineto fine quartz sand;
minor medium to coarse quartz sand, very fine to medium phosphate grains and very fine heavy minerals; moderately sorted;

subangular to subrounded; 2 percent phosphate grains; minor clay matrix and heavy minerals; 15 percent intergrain porosity;
low hydraulic conductivity; soft wet; friable.

No recovery.
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Depth (feet
below land
surface)

Lithologic description of L-5809 test corehole

66-67.5

67.5-68.5

68.5-70.5

70.5-71.0

71.0-715

71.5-74.4

74.4-75.5

75.5-80.2

80.2-80.5

80.5-80.7

80.7-85.5

85.5-87.5

87.5-90.5

90.5-90.7

90.8-91.7

91.7-94.0

94.0-100.0

Quartz sand; yellowish gray 5Y 8/1, light olive gray 5Y 6/1; black N1 phosphate grains; mainly very fine to medium quartz
sand; minor coarse quartz sand, very fine to medium phosphate grains and very fine heavy minerals, moderately sorted; sub-
angular to subrounded; 2 percent phosphate grains; minor clay matrix and heavy minerals; 15 percent intergrain porosity; low
hydraulic conductivity; soft wet; friable.

Quartz sand; light olive gray 5Y 6/1; black N1 phosphate grains; mainly very fine to medium quartz sand; minor coarse
quartz sand, very fine to medium phosphate grains and very fine heavy minerals, moderately sorted; subangular to sub-
rounded; 2 percent phosphate grains; abundant clay matrix; trace heavy minerals; 10 percent intergrain porosity; low
hydraulic conductivity; soft wet; friable.

Quartz sand; yellowish gray 5Y 8/1, light olive gray 5Y 6/1; black N1 phosphate grains; mainly very fine to medium quartz
sand; minor coarse quartz sand, very fine to medium phosphate grains and very fine heavy minerals, moderately sorted; sub-
angular to subrounded; 2 percent phosphate grains; minor clay matrix and heavy minerals; 15 percent intergrain porosity; low
hydraulic conductivity; soft wet; friable.

No recovery.

Quartz sand; yellowish gray 5Y 8/1, light olive gray 5Y 6/1; black N1 phosphate grains; mainly very fine to medium quartz
sand; minor coarse quartz sand, very fine to medium phosphate grains and very fine heavy minerals, moderately sorted; sub-
angular to subrounded; 2 percent phosphate grains; minor clay matrix and heavy minerals; 15 percent intergrain porosity; low
hydraulic conductivity; soft wet; friable.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphate grains, mainly fine to medium quartz sand; minor very fine and
coarse to granule-sized quartz sand, very fineto very coarse phosphate grains and very fine heavy minerals; moderately
sorted; subangular to subrounded; 2 percent phosphate grains; trace clay matrix; minor heavy minerals; 15-25 percent
intergrain porosity; moderate hydraulic conductivity; soft wet; friable.

No recovery

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphate grains, mainly fine to medium quartz sand; minor very fine and
coarse to granule-sized quartz sand, very fineto very coarse phosphate grains and very fine heavy minerals; moderately
sorted; subangular to subrounded; 2 percent phosphate grains; trace clay matrix; minor heavy minerals; 25 percent intergrain
porosity; moderate hydraulic conductivity; soft wet; friable.

No recovery.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphate grains; mainly fine to medium quartz sand; minor very fine and
coarse to medium pebble-sized quartz sand, very fine to small pebble-sized phosphate grains and very fine heavy minerals;
moderately sorted; subangular to subrounded; 2 percent phosphate grains; minor heavy minerals; 25 percent intergrain
porosity; moderate hydraulic conductivity; soft wet; friable.

No recovery.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphate grains, mainly very fine to fine quartz sand; minor medium quartz
sand, very fine to fine phosphate grains and very fine heavy minerals; well sorted; subangular to subrounded; 2 percent phos-
phate grains; minor heavy minerals; 25 percent intergrain porosity; moderate hydraulic conductivity; soft wet; friable; trace
thin clay laminations.

No recovery.

Quartz sand; yellowish gray 5Y 8/1; black N1 phosphate grains; mainly very fine to fine quartz sand; minor medium quartz
sand, very fine to fine phosphate grains and very fine heavy minerals; well sorted; subangular to subrounded; 2 percent phos-
phate grains; minor heavy minerals; 25 percent intergrain porosity; moderate hydraulic conductivity; soft wet; friable; trace
thin clay laminations; afew clasts of up to medium pebble-sized quartz sandstone and phosphate above the basal surface at
90.75 that are loose in core box.

Pelecypod lime floatstone with skeletal wackestone matrix; very light gray N8; mainly micrite; minor very fine to pebble-
sized fossils; skeletal fragments and pelecypods; 20 percent moldic porosity; low hydraulic conductivity; hard wet; very well
consolidated; minor root molds about 1 mm in diameter; very local blackened upper surface.

Pelecypod lime rudstone with skeletal grainstone to grain-dominated packstone matrix; grayish orange 10Y R 7/4; mainly
very fine sand-sized to large pebble-sized fossils; pelecypods, skeletal fragments, gastropods; trace corals and bryozoans;
30 percent moldic and intergrain porosity; high hydraulic conductivity; hard wet; well consolidated.

No recovery.
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