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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By Ta ohtain
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Hydrogeology and Migration of Septic-Tank Effluent
in the Surficial Aquifer System in the Northern Midlands
Area,Palm Beach County, Florida

By Wesley L. Miller

ABSTRACT

The narthern Midlands area in Palm Beach County is an
area of expected residential growth, but its flat topography, poor
drainage, and near-surface marl layers relard rainfall infiltration
and cause frequent flooding. Public-water supplies and sewer
services are not planned for the area, thus, residents must rely
on domestic wells and septic lanks. The water table in the
northern Midlands area is seldom more than 5 (eel below land
surface, and regional ground-water flows are east, southwest,
and south from the north-central part of the area where ground-
water levels are highest. Ground-water quality in the western
part of the area and in the Loxahatchee Slough is greally
influenced by residual seawater emplaced during the
Pleistocene Epoch. Chloride and dissolved-solids concentrations
of eround waler in the surficial aquifer system in these areas
often exceed secondary drinking-water standards.  Residual
spawater has been more effectively flushed from the more
permeable sediments elsewhere in the eastern and southeastern
parts of the study area. Tests at three septic-tank sites showed
traces of effluent in ground water (38-92 feel from the sepfic-
tank outlets ) and that near-surface marl layers greatly impede
the downward migration of the effluent in the surficial aquiler
system throughout the northern Midlands.

INTRODUCTION

Pressures arc increasing for construction ol

single-family residences in an unincorporated area of ahout
270 mi® in northeastern Palm Beach County (fig. 1). Palm
Beach County officials have recently designated the area a
part of the "Midlands," a planning area encompassing
unincorporated lands both north and south of the West Palm
Beach, C-51, Canal (fig. 2). Residential development in the
northern Midlands area is areally limited by land uses, such
as the West Palm Beach Catchment Area and Loxahatchee
Slough to the east, the Corbett Wildlife Management Area Lo
the west. and an industrial complex to the northwest (fig. 2),
which prohibit development.

The northern Midlands is categorized as very low to
low-density residential; that is, one dwelling vnit per 2 to 5
acres (Palm Beach County Department of Planning, Building,

and Zoning, 1980). Most ol the land was sold as 1.25-acre
lots during the 1960%s, but most of the lots have not been
developed. The density is not limited by the Palm Beach
County Comprehensive Plan and is expected to increase m
the future. The development of home sites is cxpected o be
unevenly distributed within the northern Midlands as clusters
of homes develop near improved drainage facilities and
roads. About 2,500 homes exist in the northern Midlands at
present (1991). County officials have recently projected that
15,000 to 20,000 homes served by septic tanks and individual
wells will exist in the arca by the year 2000.

Although the northern Midlands is topographically one
of the highest parts of Palm Beach County, with land-surface
altitudes of 15 to 25 ft above sea level, much of the land 15
often inundated because of heavy rainfall, the occurrence of

o a0 104 MILES

B0 100 KILOMETERS

o
FPALM BEACH
COUNTY

MIDLANDE

FAlLM BEACH
COUNTY

e e

Figure 1. location of the northern Midlands study area, Palm
Beach County.
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near-sutface marls that retard rainfall infilirution, and poor
surface drainage. Regional waler-lable contour maps
prepared since 1970 (Land and others, 1973; Rodis and Land,
1976: Schoeider, 1977; Swayze and Miller, 1984; Miller,
1985a; 1985h) consistently indicate this area to be on the
eastern flank of a ground-water divide and upgradient of
several public water-supply well [ields that serve the coastal
area. The most recent of these maps shows that combined
withdrawals from domestic wells in a new development just
west of the West Palm Beach Catchment Area (fig. 2) have
lowered the waler-table sufficiently to reverse the
ground-water flow direction in the eastern half of the aftected
dred.

Pockets of residual seawarer containing high chloride
concentrations have been identified both within the northern
Midlands and immediately w0 the west (Miller und Lietz,
1976; Swayze and Miller, 1984; Miller, 1988), but houndaries
of the areas are undelined. Lower permeabilities in the
surficial aquiler system and the occurrence of near-surface
marls have retarded dilution or flushing ol residual
Pleistocenc scawater (Miller, 1988).

Concerns about the effects of future development on
the resources of the arca include possible effects of large
numnbers of individual septic tanks and wells on ground-water
quality and water levels, the scurcity of predevelopment
hydrogeologic data, and the possible lack of potable ground
water. To address these concerns, the U.S. Geological
Survey. in cooperation with Palm Beach County, initiated a
study in 1985 1o describe the hydrogeology of the area and to
cvaluate the potential migration of septic-lank effluent in
ground water in the area,

Purpose and Scope

This report describes the lithology of the uppermost part
of the surlicial aquifer system, identifies preresidential
development ground-water quality characteristics, provides a
water-tuble map of the northern Midlands, and describes septic-
tank effluent migration (vertical and horizontal) at three test sites
in the northem Midlands, The study results presented in this
report also increase the data base of predevelopment
hydrogealogic and water-quality data for the urea.

The work conducted as parl of this study included
construction of 60 test and monitoring wells and data collec-
tion at 19 wells constructed during previous studies (fig. 2,
tables | and 2). Of the new wells, 21 wells were constructed
at three residences selected as sepric-tank test sites, These
shallow monitoring wells were used o measure ground-water
levels and to collect water-quality samples in the immediate
vicinity of septic tanks o examine migration of effluent. The
remaining 39 wells constructed were selectively used for
collecting water-quality samples, for making wauter-level
measurements, and for gathering lithologic data. Gealogic

sumples collected during drilling were used to prepare
lithologic logs for 30 wells (appendix ),

Direct-current resistivity (DCR) and ground-penetrating
rudar (GPR) surface-geophysical surveys were made
throughout the study area to supplement lithologic and water-
quality data. Locations of these surveys arc shown in figures
3 and 4.

Previous Investigations

Nurmerous 1.8, Geological Survey reports contain
information pertinent o the northern Midlands of Palm
Beach County. Countywide and more localized reports
containing geologic, hydrologic, and water-quality informa-
tion on this and adjacent areas include those by Schroeder and
others (1954), Land and others (1973), Miller and Liclz
(1976). Rodis and Land (1976), Scott (1977), Fischer (1980),
Swayze and Miller (1984), and Miller (1985x; 1985b; 1986;
1988). The only report specifically relating to the northern
Midlands is one by Peterson (1988), which describes DCR
surface-geophysical data collected as part of this investigation.
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METHODS OF INVESTIGATION

Monitoring wells were drilled, geophysical surveys
were prepared, and septic-tank test sites were selected in the
northern Midlands 1o obtain data necessary for the investigation.
Methods used for each part of this effort were determined by
the primary Lypes of data desired and the criteria used to
ensure validity of the data obtained.

Installation of Monitoring Wells

Each monitoring well was installed (fig, 2) for one or
more purposes: ground-water level monitoring, lithologic
interpretation, preresidential development ground-water
quality characterization, or determination of septic-tank
effluent migration. The primary use of the well determined
the drilling technique used.  All wells were completed with
casing and screen.

Methods of Investigation 3



Table 1. Well inventory data for the study area
[Drilled (borehole) depth and fimshed depths not necessarily the same. P, polyvinyl chloride; 5, steel: e, estimaled; --, not screened)

Completed Altitude
Wall s Site wall Sereen of well Casing
number identification depth length (faat above material
numher (fest) (feet) s5ea level)
FBE-109 264841080114901 14 - 22.75 5
PB-566 2B5604080094401 11 - 17.00e 3
EB-5835 264208080192201 17 -- 16.45 3
FG-6849 2B65633080203001 17 b 27.43 3
PB-715 265114080173101 B7 5 19,73 3
PB-~718 265114080173102 15 5 20,72 5
PB-719 265018080074101 24 5 17.20e 3
FB=831 265106080241402 25 5 24,90 B
PB-8735 2B65439080102904 22 4 18,46 P
PBE-876 2654390801023903 41 4 15,07 P
FB~ 1084 2B65027080100201 138 a 16,60 3
FE-1085 265027080115702 200 - 18,008 3
FE-10889 264225080084701 135 5 15.78 P
FE-1088 265835080130201 an 10 18,26 P
FE-10489 2G5250080103601 =] 10 19,861 P
FBE-1108A 265115080173102 128 10 24,71 3
PBE-1109B 265115080173102 40 10 24 . D0q F
FB-1157 264216080134403 100 5 18.18 13
FB-1460 2B4553080182701 30 5 23.54 P
FB-1520 2B5412080092701 22 3 18,23 i3
PB-1521 2B65255080083901 22 3 17.61 P
PB-1522 265417080130301 22 3 18.50e P
PB~1523 265445080140301 22 3 21.408 P
FB-1524 265443080152001 22 2 21.51 P
PE-1525 - 2B525B080123201 22 3 19.15 P
PB~1526 265017080173201 21 3 21,00e P
FB-1527 2B4856080203701 20 3 21,20e P
PBE-1528 264834080123401 20 3 20,02 3
PBE-1529 264832080173301 22 3 21.15 I3
PB-1530 264841080161101 23 3 21.10e P
FB~1531 264841080144201 20 3 20.44 P
PB-1532 2B4833080173401 22 3 20,85 E
FB~1533 2B4555080203401 22 3 22,25 P
PE-1534 2B4553080161701 22 3 21.59 P
PB-1535 ZB4554080144801 22 3 20.00e P
PB-1536 264550080132201 22 3 19.45 P
PB-1537 264547080125301 22 3 19.00e P
PB-1538 2E4420080164301 22 3 19.00e P
FB-1539 264224080165501 22 3 19.50e 13
FB-1540 264222080152401 22 3 19.50e P
PB~1541 265145080152701 20 3 21.60e E
PB-1546 265606080135501 140 40 20.11 P
FB-1550 2E5134080172701 135 55 23.00e F
FE-1551 2B5134080172702 130 60 23.00e P
FB~1552 265443080152002 100 5 20,84 F
PE-1553 265443080152003 37 -- 21.28 P
FB-1554 264843080125001 ] 20 20,15 P
PE-1555 264843080125002 130 3o 20.49 P
PB-1558 264B34080193402 190 60 19,71 P
FB-1560 264556080203702 56 10 23.34 P
FE-~1561 264856080203703 163 ] 22.83 B
PR-15G2 2645560B0203704 250 20 22.12 B
PB-1584 264555080151701 131 60 20.08 P
FB~1567 264101080163001 180 70 17.00e P
PE-1583 2B4057080151001 160 10 20, 48e P
FL-1584 264057080151002 n 10 20,480 3
FE-1585 264057080151003 110 10 20.48a E
FB-1607 265248080103801 164 l0a 18.00e P
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Table 2. Well inventory data for the septic-tank test siles

[Casing material: B polyvinyl chloride; 5, steel]

Altitude
Site Wrll Site Tepth Sereen af well Casing
numbar number identification (feat) length (fast abave material
number (faak) mpa lavel)
1 FB-1609A 2646583080200001 13 4 18.49 P
PE-1609B 264658080200002 13 4 20,63 P
PB- 16090 264658080200003 10 4 21.78 F
I'B-1608D 264658080200004 10 4 21.97 F
PB-1609E 2G4B5B0B0200005 12 4 21,42 F
PB-16G0O4GF Z264658080Z200006 14 4 21,50 E
PE- 16086 2R4E58080200007 12 4 21.37 F
PE-1609H 264B55080200008 11 4 19.64 P
] PE-15504 2B4057080151004 20 2 20.48 13
PBE-15808 264057080151005 14 2 21.73 P
PB-1550C 264057080151006 18 2 21,44 F
FR-1580D 264057080151007 10 2 21.06 P
FB~1580E 2B4057080151008 15 Z 21.36 P
FR-1590F 2640457080151008 15 2 20.62 P
FB-1530G 264057080151010 20 z 20.25 P
3 FB-158594 2B5458080113001 g 2 20.01 5
FBE-15889B 26545308011300%7 a 2 1a.17 5
PBR-1588C 2654 580801130032 5 2 18.08 5
FB-1552D0 2654 58080113004 8 2 18.10 =)
PB~1583E 265458080113005 10 2 18,01 )
PE-1588F 265458080113006 20 2 18,34 5

Three arrays of wells were installed al varying
distances hydraulically upgradient of three septic-tank test
siles Lo determine water quality at various depths in the
surficial aquifer system prior to increased residential devel-
opment in the area, These wells (PB-1524, PB-1532, and
PB-1553 in the northern part of the arca; PB-1560, PB-1561,
and PB-1562 in the western part, and PB-1583, PR-1584, and
PB-1585 in the southemn part) (fig. 2) were drilled by the
reverse-air rotary method 1o avoid aquiter contamination with
drilling fluids. The wells ranged in depth from 22 to 250 [t
(table 1).

An additional 21 wells (PB-1520 w PB-1523 and
PB-1525 to PR-1541), 20 to 23 ft deep, for ground-waler
level measurements, and 15 wells (PB-1590A-G and PB-
1609A-H), 10 ta 20 ft deep at the sepric-tank test sites (fig, 2,
tables 1 and 2, were drilled by the rotary method using only
local ground water as a drilling fluid, Wells PB-1589A-F, 5
to 20} [ deep ar septic-tank test site 3 in the northeastern part
ol the area (fig. 2; lable 2), were driven with a handheld
hydraulic hammer because of space limitations.

Surface-Geophysical Surveys

DCR and GPR surveys (figs, 3 and 4) were conductad
throughout the northern Midlands o supplement ground-
water quality and lithologic data. Information obtained from
the surveys also was used (o indicate areas where additional
walter-gquality and geologic data were needed.

DCR sourdings were obtained at 94 sites in the northern
Midlands (fig. 3) using a DCR meter and a Wenner electrode
configuration (Zohdy and others, 1974). Most soundings
were spaced at 1- to 2-mi intervals along dirt roads to form
seven east-west truverses and four north-south traverses,
totaling ahout 50 mi of surface-geophysical transects. These
data were used to locale areas of probable high chlonde
concentrations in water in the surficial aquifer system and o
evaluate proposed shallow monitoring well site locations in
the arca. The DCR sounding data and a more detailed
description of the technique are described by Peterson (1988).

GPR was used to determine the areal extent, continuiry,
and depths of near-surface marls in the northern Midlands.
The seplic-tank test sites were included in the areas surveyed.
GPR was selected because of known attenuation of radar
signals by colloidal-size particles, such us clays and marls
(Olhoeft, 1984). A continuous stream of electromugnetic
pulses is discharged from a radar antenna-receiver. Each
transmitted pulse travels through the subsurface unel it
reaches a geologic unit with different transmission properties,
such as a marl umt. When the pulse hits this unit, part of the
pulse is reflected back to the antenna-receiver, while the rest
of the pulse travels into and through the reflecting unit unless
itis totally attenuated. A continuous streum of reflected pulses
is received by the antenna and fed into a graphic recorder
which produces the profile. The proportion of colloidal-size
particles (marl) and the thickness of each unit into which the
pulse travels determine attenuation of the pulse and the depth
of penetration.

Methods of Investigation 5
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Eleven continuous GPR profiles (fig. 4) were run and
repeated, traveling in the opposite dircction, to determine
reproducibility, and a short section ol one profile was
frequently repeated to ensure that the equipment was working
properly. Depth o the uppermost marl units, indicated by
GPR, was calibraied using lithologic logs and depths to water
for nearby wells and marl outcrops in nearby canals and
excavalions.

Septic-Tank Test Site Selection

Three residences were selected as test sites (fig. 2) to
investigate migration of septic-tank eflluent in the ground
water. When the investigation began, the septic tank and
drainfield at site | had been in use for 5 vears, and those at
sites 2 and 3 had been in use T or [2 years. The drainfields
(Canter and Knox, 1985, p. 22-29) al all three siles were
downgradient Irom the septic tanks, relative to regional
hydraulic gradients (Miller, 1985a; 1985b).  Drainlicld
distribution lines at all three sites were consistently in
saturated materials throughout the investigation.

Selection ol the seplic-tank test sites was delayed until
geologic data obtained during drilling of water-level and
water-quality monitoring wells elsewhere in the area and the
DCR data had been evaluated. This approach was used o
ensure that cach test site was hydrogeologically similar to
large parts of the study area surrounding the individual sites.

HYDROGEOLOGY

This section describes the geology, ground-water levels
and movement, and ground-water quality of the surficial
aquifer system in the northern Midlands, The geologic
discussion is limited to the uppermost parl of the surlicial
aquifer system, although lithologic logs (appendix I) contain
data for depths to the base of the surlicial aquiler system.
Ground-water levels and movement in the area are discussed
as they relate to geology, topography, and cultural features,
Ground-water quality (lables 3-3) under predevelopment
conditions and under the influence of pockets of residual
seawaler are also deseribed.

Lithologic and ground-water quality data collected
throughout the network of wells (lig. 2) were inlerpreled
using supplementary DCR (Peterson, 1988) and GPR data.

Geology

The uppermost part of the surlicial aquifer system (to 4

depth of 50 ft below land surface) is primarily composed ol

unconsolidated sand and marl. Localized lenses of shell and

shelly limestone were penetrated during construction of the
monitoring wells. Previous studies indicate that these sedi-
ments are parl of the Forl Thompson Formation and Pamlico
Sand deposited during the Pleistocene Lpoch (Parker and
others, 1955; Miller, 1988),

Semiconfining layers of muddy organic sand and silt or
marl are common between land surface and a depth of about
40 ft throughout most of the northern Midlands (figs. 5 and
6). A clayey marl unit, 4- 1o 10-f1 thick near lund surface, is
apparent throughout the northern Midlands area. In most of
the ares, the top of this marl unit is about 4 to 10 ft below land
surlace, and probably was deposited in a lagoonal or swampy
environment in which organic debris also accumulated. The
marl is dark-olive-gray to bluish-green and is composed of
micrite or ime mud, containing 23 to 30 percent fine to very
fine quarts sand. AL somce sites, il containg 10 to 20 percent
shell fragments. Another semiconfining layer of muddy
organic sand oceurs below the marl layer. The sand is dark-
yellowish-brown to olive-gray and is composed of fine to
very line quarts grains and sili-size organic material. In
places, units containing 20 to 30 percent shell fragments are
interlayered with organic sand.

Organic fine sand and shallower marl layers form a
nearly continuous semiconfining section of sediments, which
lends to retard (but not prevent) downward infiltration of
rainlall, thereby reducing the rate of recharge to, and the
effective flushing of, the main producing zones of the surlicial
aquifer system. Hydraulic conductivities for the semiconfining
section were determined 1o be less than 235 {i/d, as compared
with those of main producing zones that ranged (rom 40 Lo
[.230 fe/d (L.J. Swayze, U.S. Geological Survey, written
commun., 1989).

[n general, the uppermost marl unit commonly oceurs
4 to 5 ft below land surface. However, because most ol the
drilling of test and monitoring wells was along canal levees
and road rights-of-way, where the upper 4 ft has been
disturbed and replaced with [ill, the marl could have been less
than 4 ft from the undisturbed land surface. Marl units were
observed at land surlace in many undisturbed locations. The
marl layer at well PB-1533 near the southwest comer ol the
area (fig. 2) is 8 ft below the surface. Information from wells
drilled near the northeastern comner of the area indicates that
the vpper marl unit there is between 5 and 10 1 below land
surface. Lithologic logs, observations along canal and other
cxcavations, and data from GPR surveys were used to prepare
the map showing depth o the marl {fig. 7). It shows the
approximate depth below land surface of the uppermost
confining marl layer and indicates that within most of the area
the marl occurs within 5 1 of land surface. The shallow
position of near-surface marl and its low permeahility will
affect the operation of the septic tanks proposed (or this part
of Palm Beach County by limiting effluent infiltration and
migration.

8 Hydrogeology and Migration of Septic-Tank Effluent in the Surficial Aquifer System in the Northern Midlands Area,Palm Beach County, Florida
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Ground-Water Levels and Movement

Much of the study arca is affected by frequent flooding
as a result of near-surface low-permeahility marl, heavy
seasonal rainfall, flat topography, and lack of adequale drain-
age by canals. In general, the water table is highest in the
northwestern part of the area and lowest in the castern and
southern parts where drainage canals have been dug to reduce
flooding (lig. 2).

The altitude and configuration of the water table in the
area north of the C-51 Canal and northeast of the L-8 Canal
were depicted in reports prepared by Miller (1985a; 1985b).
The most prominent leature of these water-table maps is a
ground- water mound in the northwestern part of the area
where the water-table altitude exceeded 22 ft above sea level.
Based on these maps, the regional directions of ground-water
flow are east toward the Atlantic Qcean, southwest toward the
L-8 Canal, and south toward the C-51 Canal. The ground-
waler mound in the northwestern area conforms with
land-surface altitudes in that area, In the south-central part of
the study area, ground-water levels were maintained by
regulated flows and stages in the L-8 and M-1 Canals that
drain to the West Palm Beach Catchment Area. Wide spacing
ol water-level contours in the northeastern part of the study
area in the maps prepared by Miller indicate a relatively flat
water table that results from the drainage cffect of the
southern and southwestern reaches of the C-18 Canal.

Ground-Water Quality

Ground-waler quality prior to extensive residential
development in the northern Midlands was determined by
several sampling and analytical approaches. Water samples
were collected at [0-ft intervals during drilling of 10 wells
that fully penetrate the surficial aquifer system (table 3) to
identify variations in chloride concentrations with depth,
Periodically, water samples were collected and analyzed for
chloride concentrations at 46 wells, ranging in depth from 15
to 250 fi (table 4), to determine whether concentrations varied
during the study. Also, analyses of major constituents,
nutrients, and related characteristics of water from three
arrays of wells that tap producing zones in the surficial
aquifer system (fig. 8) were made (o characterize ground-
water quality upgradient from the septic-tank sites al widely
separated areas. Analyses were performed by the ULS.
Geological Survey laboratory,

Chloride Concentrations

Ground water in the northern Midlands (fig. 2) has a
large range of chloride concentrations because of varying
extents of dilution or [Mushing of residual seawater in the
scdiments, Water samples collected from 51 wells (15-250 ft
deep) during drilling and after completion in 1986-87

contained chloride concentrations (tables 3 and 4) runging
from 6 mg/L (well PB-1538) to 5,950 mg/L (well PB-1562).
Residual seawaler in the western part of the study area and the
Loxahatchee Slough (Miller, 1988, p. 23-33) is the principal
source of high chloride concentrations in ground water. In
those parts of the northern Midlands most affected by pockets
of residual seawater, chloride concentrations in ground water
generally are a function of depth (rable 3) but, o some extent,
vary seasonally (table 4),

Much ol the northernmost part of the northern
Midlands (including the Corbett Wildlife Management Area)
15 greatly affected by residual seawater (fig. 2). Chloride
concentrations were high at all depths near the southern
barder of the management area; water from well PB-1527 (20
ft deep) had chloride concentrations as high as 1,400 mg/L,
well PB-1558 (190 ft deep) as high as 3,000 mg/L, and well
PB-1562 (250 {t deep) as high as 5,950 mg/1. (tables 3 and 4).
At the eastern perimeter. water from well PB-716 (15 ft
deep) and well PB-1109A (128 fi deep) had chloride
concentrations ranging from 22 to 960 mg/L (table 4),
indicating that residual scawater has been flushed from only
the uppermost part of the surficial aquifer system, East of the
management area, water from well PB-1524 (22 ft deep) had
chloride concentrations as high as 380 mg/L, and water from
adjacent well PB-15352 (100 ft deep) had chloride concentra-
tions as high as 700 mg/L (Lable 4). Water samples collected
at the 140-ft depth during drilling of well PB-1552 (hackfilled
and cased to 100 ft) contained a chloride concentration of 950
mg/L (table 3).

In the vicinity of Loxahatchee Slough (fig, 2), deeper
ground water contains residual seawater. Data from three
wells adjacent to the C-18 Canal indicate that at depths
grealer than about 50 to 75 fi, chloride concentrations exceed
the secondary drinking-water standard of 250 mg/L (Florida
Department of Environmental Regulation 198%9a; 1989h),
Waler [rom well PB-1607 (180 ft deep), drilled adjacent to the
C-18 Canal, had chloride concentrations ranging from 270
mg/L at 60 fr to 1,950 mg/L at 180 {1 (table 3), About 3 mi
south, also along the canal, water from well PB-1084 (133 ft
deep) had chloride concentrations as high as 1,550 mg/L
(table 4). Water from well PB-1099, sampled during a
previous study, had a chloride concentration of 1,100 mg/L at
88 ft (Miller, 1988, p. 52).

Generally, in arcas other than the northemmost part of
the Midlands or near the Loxahatchee Slough, chloride
concentralions from the water table to a depth of about 100 ft
ranged from 6 to 195 mg/L (tables 3 and 4). One exception
was water from well PB-1540 (22 ft deep), which had
chloride concentrations that ranged from 105 to 260 mg/L.
Al depths ranging from 100 to 160 ft, water from six wells in
these areas had chloride concentrations ranging from 30 o
360 mg/L (tables 3 and 4). Water from only two wells in these
areas had chloride concentrations higher than 250 mg/L;
waler from wells PB-1555 and PB-1564 had concentrations
of 450 mg/L at 130 ft (table 3).

12 Hydrogeology and Migration of Seplic-Tank Eiiluent in the Surficial Aquifer System in the Northern Midlands Area,Palm Beach County, Florida



Table 3. Chloride concentrations in samples collected during test-well drilling in the northern Midlands

|Coneentrations shown in milligrams per liter; -

[Concentrations shown in milligrams per libker; --,

Local well
number

PB-1546
PBE-1551
PB-1552
EB-1555
FB=1558
PE-1562
PE-1564
FB-15G7
FB-1583
EB-1607

, data not available]

Well depth
(feet)

140
130
14d
130
190
250
130
170
170
180

Date of

callection

6/15/86
7/15/86
7/17/86
7/18/8B6
7/22/88
7/25/88
7/30/86
a/1/86
10/21/86
1/20/87

data not available]

Local

wall Chloride comcentrations at respective depths below land surface (feet)

numbier 30 40 50 =] 70 an an 100 110 130
PE=1546 B0 70 - 50 70 - 110 150 - 225 350
PE-1551 - = - 70 130 120 85 240 360 350 410
PE-1552 -- - - -- -- 570 580 630 B30 650 B30
PE-1555 == -= - -- a0 130 175 215 280 350 450
PE-1558 = - - -- = -- - == -- 2,800 2,850
PE-1562 -- - 2,500 -- 2,700 3,100 3,700 3,700 3,800 3,700
PE-1564 -- -- 120 a0 1z0 130 145 240 255 340 450
PBE-15G67 [=00] - - -- = 120 110 a0 115 115 115
PBE-1583 -- 40 30 30 20 3o 40 40 a0 30 40
PE-1607 -= 160 225 270 330 350 450 560 710 g00 1,350
Local

well Chloride concentraLions at respective depths below land surface {feet)

number 140 150 160 170 180 180 200 220 240 250
PE-1548 440 .- -- -- -- -- - -- - -
PB-1551 -- -- -- -- - - -- -- -- --
PB-1552 250 -- -- - -- - -- -= -- --
PE-1555 -- -- -- - - - -- - -- --
PE-1558 3,100 3,000 3,050 3,000 3,100 3,000 -- -- -- --
PBE-1562 4,600 4,700 4,700 4,800 4,900 4,800 4,800 5,100 5,000 4,900
PB-15G4 - -- -- - -= - -= - - =
FB-1567 105 104 180 175 -- - -- = - -
FE-1583 80 145 175 240 - -= - -= == -
EB-1607 1,550 1,850 1,750 1,900 1,950 -~ -- -- -- --

The distribution of chloride concentrations in ground
water in the west-east profile A-A" is shown in figure 9.
Decreasing chloride concentrations toward the suburban
eastern part of the area indicates the effect that canal drainage
has on (lushing highly mineralized water from shallow
sediments. The relatively thick section of ground water with
chloride concentrations less than 200 mg/L in the southern
part of the arca, as shown in north-south profile B-B’ (fig. 10,
probably is the result of drainage by the C-51 and M-1 Canals
and subsequent flushing of residual scawater. Miller (1988,
p. 22) concluded that mineralized water in the sediments was
a tesult ol residual seawater from the Pleistocene Epoch.
Low permeability of sand and marl sediments has retarded
flushing of poor quality ground water in recent geologic ime.
Permeubility of the surficial aquifer system generally
increases castward, facilitating rainfall infiltration, a higher
rale of ground-water movement, and dilution and flushing of
residual seawater,

Major Constituents and Characteristics

Because of the diversity of ground-water quality duc
to patchy areas of residual seawater, three arrays of wells
drilled to various depths were constructed in different
areas of the northern Midlands (fig. 8) to characterize the
water chemnistry. Array 2 wells are about 120 ft upgradient
from septic-tank test site 2 in an arca that is seemingly less
affected by residual scawaler (except possibly at depths
much greater than 100 ft). Ground-water chloride
concentrations al array 2 average less than 70 mg/L. Array
3 wells are in the northern part of the study area, about 3
mi west of septic-tank lest site 3. Ground-water chloride
concenlrations at array 3 average about 550 mg/L. Array
1 wells are about 3 mi upgradient from septic-tank test site
1, in an area where ground water is affected by residual
seawater and chloride concentrations are higher than 1,000
mg/L.
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Table 4. Chlaride concentrations in water from selected wells in the northern Midlands

| oncentrations in milligrams per liter; --, data not available; %%, well destroyed |

Caszed Chloride concentration on indicatod sampling dake

Well depth July 24-25, January 5-7, May 12-19, September Z-4, December 3-7,
numhar (feat) 1986 1987 1987 1987 1837
PB-B83 17 - 16 10 - 12
FB-715 67 100 g5 &0 100 a5
PB-716 15 31 26 22 22 24
PR-7148 24 -= 10 5] 12 10
PB-8735 22 a3 38 au 38 32
PR-8786 41 40 28 3o 50 42
PB-1084 133 -= - - 1,550 1,380
FB-1088 135 -= a5 84 82 B89
FPB~1098 &80 47 62 34 a8 ¥4
FE~11084 128 = 860 880 40 960
FPE-1108E 40 18 20 34 a5 22
FPB-1157 100 - 14 W - -
PE-1460 30 48 8 110 105 100
PE-1520 22 14 28 28 a0 22
PE-1521 22 - 34 34 18 19
FB-1522 22 42 42 40 44 38
PE-1523 22 57 ¥ - - ==
PB-1524 22 500 540 580 550 560
PE-1525 22 - 14 16 20 15
PB-1526 21 - - == 11 11
PB-1527 20 1,220 1,050 1,220 1,400 -
FBE-1528 20 42 40 38 38 34
FPB-15289 22 14 10 12 14 12
FB-1530 23 -- 18 20 21 -
PE-1531 20 16 10 11 14 14
PB-1532 22 14 10 13 14 16
EB-1533 22 80 a2 ap 115 49
PE-1534 22 an 112 a0 105 a0
FBE-1535 22 58 50 1] o --
FE-1536 22 12 10 18 48 10
PE-1537 22 21 16 fide == -
PBE-1538 22 10 &} 3] 10 &
PB-1538 az 195 a0 185 195 170
PR-1540 22 - 110 260 115 105
PB-1541 20 -- 18 58 -- 40
FB-1546 140 -- &4 -- -- 275
PE-1552 100 - Ba0 550 700 680
PE-1553 37 -= 5480 GEO 600 800D
PE-15534 40 -- 33 26 26 28
PE-1555 130 -- 360 -- 100 150
PB-1560 56 . 1,200 1,120 1,180 1,100
PBE-1561 163 -- -= 2,300 2,600 2,350
PE-1562 250 - - -- 5,950 LAl
FPB-1503 160 - 495 202 a0 140
PB-1584 70 -- 28 28 28 26
PB-1583 110 -- - s 31 30

14 Hydrogeology and Migration of Septic-Tank Effluent in the Surficial Aquifer System in the Northern Midlands Area,Palm Beach County, Florida
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Water from each well was sampled three or four times
hetween December 1986 und December [987. The results of
analyses of these samples (table 3-7) indicate a relation between
chloride concentration, ¢ measure of residual scawater content,
and other major inorganic ions (caleium, magnesium, sodium,
potassium, and sulfate). These constituents have highest
concentrations in water samples from armay 1 wells (table 5), in
the arca of greatest residual scawaler effect; the lowest concen-
trations were in water samples [rom array 2 wells (Lable 6), inthe
area least affected by residual seawater.

Analytical results (table 5-7) indicate that nitrogen,
phosphorus, ammonia, organic nitrogen, and organic carbon
are not related to chloride concentrations, These constitent
concentrations generally are similar ar all three well arrays,
regardless of depth and residual scawater content: ammonia
plus organic nitrogen concentrations range from 1.0 10 2.2
mg/L, with a median of 1.6 mg/l.  Nitrite and nitraic
concentrations are almost nonexistent because anucrobic
conditions in the fine sand and marl of the surficial aquifer
system limit oxidation reactions (Hem. 1985, p. 124y, Total
phosphorus, though in trace amounts, shows a wide range in
concentration, from 0.02 to (036 mg/L, Total organic carbon
(TOC) concentrations had a median of about 14 mg/L, and
there seems to be no relation between TOC concentrations
and concentrations of other constituents that were analyzed.

Several constitucnt concentrations lsted in tables 5 to 7
exceed primary and secondary drinking-water standards of the
Florida Department of Environmental Regulation (FIXER). For
comparison of values, the following is a Tist of comstituents for
which analyses were made during the study and for which there
are standards established by the Florida Department of Environ-
mental Regulation (198%; 1989h). The Palm Beach County
drinking-water standards arc the same as those established by
FDER for the inorganic constituents in the list. lowever, the
County also has a primary drinking-water standurd lor nitrite
(NO2) of | mg/L and a different sccondary drinking
water-standard for pH of 6.9 to 9.5 (Alan Trefry, Palm Beach
County Department of Environmental Regulation and
Management, oral cornmun., 1939),

TDER stanclardls' -
Fritnary drinking-  Sexondary drinking-
water standard  water standard

Property or constituenl

Nitrate (NO3) as nitrogen.

inmg/L 10
Sodium (Ma), in mg/T, 1103(}
Chloride (C1). in mg/L. 250
Sulfate (504), in mg/L A0
Color, in platinum-cobalt unils I3
Dissolved solids, in mg/L 500

_pH. i standard units 6585

"Florida Department of Eovironmental Regulation (1988 1989h)
stundards. The primary drinking-waler standard is established for conlaming
tion which may cause adverse human health effects, The seeondary drinking
warter standard is established for contamination that alfects the esthetic quality
of drinking water. Al considerably higher concentrations, health implications
may exist.

Water [tom array 1 wells were greatly influenced by
residual seawater (table 3). Sodium concentrations
(760-1,400 mg/L) greatly exceeded the primary drinking-
water standard (160 mg/L) of FDER. Chloride (1.100-2,300
mg/L), sulfate (340-520 mg/L), and dissolved solids (2,850~
5,200 mg/L) concentrations in water from these wells greatly
exceeded FDIER sccondary drinking-water standards. The
concentralions increased with depth.

Water from array 2 wells PR-1584 and PB-1385 (70
and 110 ft deep) had relatively low chloride concentrations
(21-24 and 24-27 mg/L). indicating the absence of residual
seawater (lable 6), Water from well PB-1583 (160 11 deep)
had concentrations of 72 to 190 mg/L (table 6). less than the
250 mg/L secondary drinking-water standard but still an
indication that flushing of highly mineralized residual seawater
near the base of the surficial aquiler system was not complete
in the area, None ol the constituents for which standards exist
exceeded drinking-water standards in waler the three wells al
array 2, excepl dissolved solids which exceeded the standards
in two water samples (593 and 719 mg/L) from well PB-1583,

Water trom array 3 wells PR-1524, PB-1552, and PB-
1553 (22-100 [t deep) had chloride concentrations (440-670
mg/1.) that were lower than those in water from array 1 wells,
hut which exceeded the FDER secondary drinking-waler
standard of 250 mg/L (tables 5 and 7) . Concentrations of
sodium (310-430 mg/L) and dissolved solids (1.480-1,820
mg/L) in ground water from array 3 wells were two or three
times greater than the secondary drinking-water standards
(tablc 7). The color of waler in these wells, generally a
physical indicator of organic material, also cxceeded the
FDER secondary drinking-water standard.

Water-quality data collected [rom the three well arrays
(tables 5-7) along with chloride data [rom other wells (tables 3
and 4) indicate that, in some areas and at some depths, the
surficial aquifer system in the northern Midlands contuing
mineralized water that is unsuitable for drinking. Use of water
from the surficial aquifer system in these areas for domestic or
public-water supply may not be feasible without extensive
Lreatment,

MIGRATION OF SEPTIC-TANK EFFLUENT

Because ol the frequency ol flooding and the low
permeability of surficial sedimentary muterial, many
problems arc associated with using septic tanks and drain-
fields in much of the northern Midlands (Canter and Knox,
1985, p. 22). Fill is commonly used to elevate residential
huilding sites above flood level, including the arca in which
septic tanks and drainfields are to be constructed. The matrix
of the drainfield generally is composed ol highly permeable
material, such as gravel, shell. or coarse sand, to accept and
transmil septic-tank effluent away [rom the septic-tank outlet,

Three rural residences, each served by a water-supply
well and a septic tank and drainfield, were selected 1o

18 Hydrogeology and Migration of Septic-Tank Efffuent in the Surficial Aquifer System in the Northern Midlands Area,Palm Beach County, Florida



Table 5. Concentrations of majar canstituents, nutrients,
array 1 in Lthe northern Midlands

and related characteristics of water from wells PB-1560 and PB-1561 in

[All concentrations shown in milligrams per liter, except for pH, in standard units; specific conductance, in microsiemens per centimeter; and color, in platinum-

cobalt units. =, less than the value; -, not determined]

Well PR-1G660

Wrll PB-1561

Froperty or consbibtucmb 12716786 515787 074787 12/ 0/87 5/15/87 8/4/B7 1274787
pH 7.5 8.0 7.4 5.2 7.4 7.4 5.0
Speclfic conductance 4 BA0 4,740 4, 7hn 4,650 8,440 8,370 8,310

Dissolvad solids 2,840 2,880 2,060 2,850 5,180 5,120 5,200

Flucride 0,4 0.4 0.3 0,3 0.4 0.4 0.3

Hilica 22 A2 20 21 28 27 26
Caleium 180 180 170 170 220 220 220

Magrealun 52 52 52 a9z 100 100 100

Sodium 790 770 770 760 1,400 1,400 1,400
Potassium 24 24 25 24 61 2.0 Gl
Sulfate 340 340 340 340 510 520 520
Chlaride 1,200 1,100 1,100 1,100 2,300 2,300 2,300

Caolor 33 35 30 30 30 15 15
Nitrogen, total organic 0.60 0,53 0,63 0.56 0.60 0.60 0.60
Nitrogen, tahbal ammonia 0,40 0.87 0.87 0.84 1.20 1.20 1.10

Nitrogen, total nibrite =0.01 =0,01 =, 01 =0.01 =0.01 =0,01 =0,01

Nitrogen, htobal ammonia 1.5 1.4 1.5 1.4 1.8 1.8 1.7
plus organic

Nitrogen, = tal nitrite =0.02 =0, 02 0.02 =0.02 =0.02 =0.02 =0.02
plue nitra

Phospharus, total 0,04 n.02 0.02 0.02 0,01 0,01 0,01
crthophosphate

Phosphorus, total 0,22 0.14 0.04 0.15 0.10 0.04 0.08
Hardness noncarbonate - 250 200 210 510 500 510

Carben, total organic 13 14 15 -- 13 15 --

investigate migration of cffluent from drainfields (fig. 2).
The sites are widely separated--one is in the southwestern
part ol the study arca (site 1), one is near the extreme southern
boundary of the area (site 2), and the third is in the
northeastern part of the area (sile 3). Monitoring wells
ranging in depth from 5 to 20 ftr below land surface were
drilled at different distances immediately upgradient and
downgradient (relative to the regional hydraulic gradient) ol
the septic tanks atsites | and 2 (table 2). Space limitations at
sile 3 (Luble 2) prevented drilling upgradient wells. Water
levels in the monitoring wells were measured prior to collecting
waler-quality samples (tables 8-10) to determine local
hydraulic gradients at the siles.

Most monitoring wells were sampled Tour times during
1986-87. Chemical analyses of these water samples were
made lor some constituents commonly associated with
septic-tank effluent, including chloride, nirrogen, ammonia,

and phosphorus (lables 11-13). Specific conductance, an
indicator of the mineralization of ground water (and possible
contaminant loading), was also determined for each well,

Site 1

Site | is in the southwestern part of the northern Midlands,
about 005 mi north of the M-1 Canal {(figs, 2 and 11). Fill
miaterial was used Lo clevate the house und drainficld above the
flood plain as required by Palm Beach County building codes.
The water-supply well (not shown) is near the northem side of
the property and is completed at a depth of 35 [l in the upper part
of the surficial aquifer system. The drainfield is west of the
restdence, about 100 L southwest from the supply well and is in
an area filled with locally obtained sand 1o a depth of about 2 ft
above preconstruction land surface. Shallow monitoring wells

Migration of Septic-Tank Effluent 19



Table 6. Concentrations of major constituents, nulrients, and related characleristics of water from wells PB-1383, PB-1584, and PB-1585
in array 2 in the northern Midlands

[AN concentrations shown in milligrams per liter, except lor pH, in standard units: specific conductance, in microsiemens per centimeter ; and color, in platinum-
cobalt units, =, less than the value: --, not determined)

Property or Wnll PB-1583 Well FE-1584 Wall PR-1585

conatituent 12/16/86  5/19/87 9j2/87 12/3/87 T2/16/86  5/19/87 G/2/07 12/3/67 5/19j87 9j2/87 12/4/87
el 7.3 7.4 a.0 7.5 7.3 7.5 7.8 7.8 7.5 7.6 7.9
Specific conductance 745 1,350 230 a4z 510 458 542 589 580 599 589
Diszolved solids 487 714 471 593 49 G4 372 3H3 367 376 360
Fluorida 0,2 0.2 0.2 0.4 0.2 0.2 0,1 0.3 0.2 0.2 0.2
Silica 18 19 17 18 23 20 19 17 18 17 17
Calclum 110 120 110 110 el 110 100 1d0 110 110 110
Mapgneslum 7.7 13 7.2 11 3.7 4.0 4.0 3.9 4.8 4,7 4.7
Sodium 47 130 43 a8 14 14 14 L4 13 12 12
Potassium 3.0 6,4 2.3 4.9 u 0.9 n.g 1.0 1.1 0.8 0.8
fulfate 10 19 6.5 16 .5 =0,1 0.4 1.0 1.6 0.4 1.6
Chloride 80 190 72 140 24 22 24 21 25 27 24
Colar 25 40 20 30 40 40 20 30 30 25 30
Fitrogen, tatal 0.58 0.32 0,47 0.54 0.50 0,48 0.70 0.70 0.32 0.50 0.49
organic
Nitrogen, total 0.62 0,68 0.63 0.66 1,40 0.36 1,50 1.50 0.78 0.80 0.81
ammonia
Nitrogen, total =0.01 =0.01 =0,01 =0.01 =0.01 =0,01 =0.01 =0,01 =0.01 =0,01 =0.01
nikrite
Hitrogen, total 1,2 1.0 1.1 1,2 9 n.a 2.2 2.2 1.1 1.3 1.3
anmonia + orgenic
Hitrogen, total =0.02 =p,02 =0.02 =0,02 =0.02 0.65  <0.02 =0.02 <0.02 =0.02 =0.02
nikrike + nitrate
Phosphorus, total 0.03 0,01 0.01 0.0 0,04 0.04 0,05 0.07 0,02 0.02 0,03
erthophasphate
Fhoephorus, total n.20 0.04 0.03 0.0 0.18 0,12 .15 0.27 0.04 0.04 0.05
Hardness noncarbonate [l 10 0 [ 0 a8 24 0 23 10 z9
Carbon, total 7.5 11 11 -- 13 13 13 -- 11 11 -

organic

(PB-1609A-1T). completed 10 1o 14 ft below land surlace,
were installed upgradient and downgradient (relative o the
regional ground-water gradient) of the drainfield (fig. 1)
The wells penetrate the uppermost matl layer (fig. 7' wnd are
completed in very fine sand that overlies a 15-f1 7. ma’
layer, 16 to |8 ft below land surface,

During 1987, ground-water levels in eacn well were
measured (tzi:s ) 2w Lo the four water-qualily sampling
events Lo sround-water low directions.  Fill
material nzed ate the house and drainficld o meet
building <ol 2d local hydraulic gradicnts and resulted
in ground- . __cr {lows to the north and the south from the
septic tank (fig. 11 and table 8). The regional gradient is w the
southwest, Wells C and 1D on either side of the septic-tank
outlet had nearly identical water levels during each of the four

20

measurements. The greatest hydraulic gradient on the south
side of the outlet where the drainlicld is locared was between
wells D and H--1.06 % 107 on both March 19, 1987, and
May 19, 1987, The greatest gradient to the narth was 1.84 x
107 = on May 19, 1987, between wells Cand A,
CGround-water samples colleeted from well T3 (in the
drainfield and 12 [t from the septic-tank outlet) had the
greatest speciflic conductance and concentrations of chloride,
total nitragen, nitrite plus nitrate, total phosphorus, and ortho-
phosphate {table 11). Ground-water quality at wells C.E, F,
and (3 (10-38 [l from the outlet) was inlluenced by septic-tank
clfluent, with one or more constituents, including chloride,
nitrogen, and ammonia having elevated concentrations (table
L1). Water from wells A, B, and H (59150 ft from the ouflet)
showed Tittle, il any, effect from the effluent; water from well

Hydrogeology and Migration of Septic-Tank Effluent in the Surficial Aquifer System in the Morthern Midlands Area,Palim Beach County, Florida



Table 7. Caoncentrations of major constituents, nutrients, and related characteristics of waler from wells PE-1524, PE-1 552, and PB-1553 in
array 3 in the northern Midlands

[All concentrations shown in milligrams per liter, except for pH, in standard units; specific conductance, in microsiemens per centimeter; and color, in platinom-cabalt
units, =, lesa than the value; --, not determined|

Froperty or Well PE-1524 Hell PR-1552 Well PBE-1553

0.98 mg/l., may have been allecied by effluent. Chlaride
concentrations in walter from these three wells ranged from 9
to 20 mg/L. Well A, the greatest distance upgradient from the
oullet, was selected to represent background condirions.
Trace amounts of other constituents at wells B and H were
close to background levels. The maximum and minimum
concentrations of ammonia plus organic nitrogen concentra-
tions in water from each well are shown in figure 11.
Concentrations of ammonia plus organic nitrogen were highest
in warter samples collected from wells C, T E, and G,

Site 2 is in the southern part ol the study area where the
walcer-Lable gradient is south toward the C-31 Cuanal (figs. 2
and 12). The septic tank and drainfield are installed in perme-
able fill material raised 1.5 [1 above preconstruction land
surfuce, Fill was obtained from a borrow pond south of the
site. Seven monitoring wells (PB-1590A-G), ranging in
depth from 10 1o 20 ft, were drilled through the uppermost
marl layer that is aboul 5 It below land surface (fig, 7). Of
these wells, six were south and southeast ol the septic tank

Migration of Septic-Tank Effluent 21

constituent L2/1786  5/14/87 9/4/67 1275707 12/17/E6 2/14/87  Gra/a7  12/378/ T&f]?/ﬁﬁ Sf14/87 afafa7  12/3/87
pH 7.1 7.2 7.4 4.5 7.2 7.4 7.5 6.0 1.7 7.1 7.4 7.5
Speeific con= 2,460 2,580 2,480 2,600 3,040 2,720 3,050 2,090 2,640 3,050 2,720 2,730
ductancs
Disgolved solids 1,480 1,540 1,520 1,520 1,820 1,620 1,770 1,800 1,610 1,810 1,600 1,620
Fluoride 0.3 0,3 0.3 0,5 0.3 0.4 0.4 0.6 0,2 0.3 0.3 0.5
5ilica 20 20 20 20 ¥ 21 22 22 20 23 20 20
Calcium 170 170 170 160 160 160 150 160 1380 160 170 170
Mapgnesium 24 23 23 23 37 24 az 16 26 a5 26 26
Zodium 310 320 330 340 430 350 420 430 350 430 360 370
Fotassium 7.3 B4 7.9 9.9 16 9,4 18 18 8.3 17 9.8 11
Hulfate 140 140 140 150 1a0 150 a0 190 140 180 160 160
Chloride 520 520 540 440 G50 560 670 570 520 G40 570 440
Color 55 40 4] 50 40 40 3o aa 50 40 40 50
Nitrogen, total 0,30 0.G0 0,50 n.8s 0.56 o./0 0.65 0.59 0,40 0,55 0.70 0.88
orEanic
Nitrogen, total 1.30 1.10 1,20 0.95 0,84 1.00 0.84 0.81 1.10 0.85 1.00 0,492
ammenia
Nitrogen, total =0,01 =0,01 =0.01 =<0,01 =0.01 =0.01 =0,01 =0,01 =0.01 =0,01 =0,01 =0.01
nikrita
Nitrogen, total 1.6 1.7 1.7 1.8 1,4 1.7 1.5 1.4 1.5 1.4 1.7 1.8
ammonia t organic
Nitrogen, total =0.02 =0.02 =0,02 =0.02 =0.02 =0,02 =0.02 =0.02 =0.02 =0,02 =0,02 =0.02
nitrite + nitrata
Fhosphorus, total 0.19 0.17 0.18 0.18 0.02 0.17 0,03 0,04 0.18 0.0z 0.18 0.18
arthaphosphate
Fhosphorus, total 0,22 Q.20 0.22 0,20 0,17 0.29 -- 0.08 0,23 0,15 0.36 0.21
Hardness non- -- 120 120 10 = 90 110 200 - 130 130 120
carbonate
Carbon, total 16 16 17 -- 13 17 16 -- 16 14 18 -
nrganie

B, with total phosphorus concentrations ranging (rom 044 1o Site 2



Table 8. Ground-water levels at septic-tank test site 1 in the northern Midlands prior

to water-quality sampling

Well Allilude of water, in feet above sea level
numbe March 19, T987 _May 17, 1987 Septerber 2, 1967 December 4, 1907 _
PR- 1605 17.65 16.20 1595 17.27
PU-1609E TH.149 17,76 1748 18,79
PR-16000 18,34 1788 17.54 18,59
PR-1609D 1830 17.88 17.32 18.82
I'R-TO049E 1816 1778 17.44 1871
FI3-1609F 18.16 1786 17.50 18.58
PR-1600C 18,18 17.77 17.46 18,70
PR I609H 1671 16.24 15,95 1804
Table 9. Ground water levels al seplic-tank test site 2 in the northern Midlands prior
to waler-cuality sampling
Well Allitude of water, in faet above sea level
_number Docomber 16, 1986 May 1967 Decamnber 3, 1987
PR [590A 17.55 19.18
PR-13901 1743 19.04
PR-1590C 17.53 19.23
PR- 13900 17.30 19.12
PLB-1580E 1730 19.02
PR-15001 17416 19.20
15,81

PT- 159003 17.18

Table 10. Ground-waler levels at septic-tank Lest site 3 in the northern Midlands prior

1o water-guality sampling
Well Allinuds:

and one was northwest ol the tank (fig. 12).

Al of watc*r, in feet above sea le wel o
__number [» ¢ wr ©T0BR May 12,1987  September 8, 1987 December 4,
PE-T549A (TRe? 14 ol 13.95 16.77
I'B- 15598 } 527 13.62 12.497 15,73
P13-1539C 15.44 13.52 12.94 15.64
PRE-158491) 15,08 13.50 1275 15.61
PR-15%00 15,07 13.41 12.74 14.91

PG- 1 388F 16.17 14.48 13.74 16,71

Bach well is

from wells B, €. D, E, and I (table 12) indicale that effluent

completed in silt and very fine sand of low permeability that
lies above a relatively impermeable marl layer at a depth of
aboul 20 [1,

At site 2. regional and local hydruulic gradients (fig.
12y are to the south. Water-level measurements made during
1986-87 (lable 9) indicate that gradients cuum the ane
between wells A and G runged from 1,2 10 310 1.5% 107
Between wells B (10 ft south of the septic-tank (?Illlkl) and (
(just outside the drainficld), umdmms WCTE T vused o the
north, ranging from 6.13 = 107 1o 3.23 x 107 during
sampling. However, between wells C and 1D, gradients
consistenlly were to the south. This apparent mounding is
caused when ground water reaches the end of the drainfield,
and low-permeability surficial materials impede downgradient
ow.

Elevaled concentrations of chloride, total nitrogen,
arganic nifrogen, ammonia, and total phosphorus in water

had migrated at least Y2 feet laterally downgradient from the
outlet, Total phosphorus concentrations of 1.5 to 3.2 mg/L
(tuble 12) in water from well G (182 ft from the outlet) may
have been caused by a [ertilizer spill found adjacent to the
well or may have been from an undetected source, Because
well (7 is relatively remote from the outlet and other analytical
dat do not indicate the effects of effluent, the clevated twotal
phosphorus concentrations in waler {rom well G are not
thought 1o be related to cllluent. Water samples [rom well D
(57 ft from the outlet) generally contained higher
concentrations of nitrogen and ammeonia and occasionally
had higher concentrations ol total phosphorus than did
samples from surrounding wells €, E, and F. The fact that
well D (10 fr deep) is shallower than wells C, L, and F (15-18
1 deep) indicates that either constituents were morc
effectively allenuated during vertical migration thun during
lateral migration or there was little verlical migration.
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Figure 11. Septic-tank test site 1, location of nearby wells (PB-1609A-1), and minimum and maximum concentrations of ammonia

plus arganic nitrogen.

The maximum and minimum concentrations of ammonia
plus organic nitrogen in water from each well arc shown in
figure 12, The maximum concentration of ammonia plus
organic nitrogen in water from wells C, D, E, and F equaled
or exceeded the maximum concentration in water from
well B within the drainfield.

Although the pond about 10 fr south of well F wus
observed to periodically have heavy algal blooms during
the study, waler samples collected and analyzcd by the
Palm Beach County Health Department (Paul Davis, wrilten
commun,, 1987) did not indicate that septic-tank effluent
had entered the water.

Site 3

Site 3 is in the northeastern part of the study area, and
its hydrology is influenced by the C-18 Canal (figs. 2 and 13).
The drainficld area has not been raised by fill. Six monitoring
wells (PB-1389A-F) were drilled south, east, and northeast of
the septic tank to depths ranging from 5 to 20 (i below land
surface (fig. 13). Wells A, B, C, D, and E are completed in
low-permeability marly sand, just above a relatively
impermeable marl layer that occurs 5 o 10 ft below land
surface (fig. 7). Well F is completed about 6 ft below the marl
layer.
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Table 11. Concentrations of selected constituents in ground water at septic-tank lest site 1in the northern Midlands, 1986-87

[All concentrations shown in milligrams per liter, except for specific conductance which is in microsicmens per centimeter. <, 1ess than the value]

Dis- Nitrogen, HNitrogen, Fhos-
Well Wall Lance Date of Specific Chlo- HNitro- Nitro- total total Phos- phorus,
number depth  to tank collee-  conductance ride gem, gen, ammonia nilrite  pho- tatal
(fart) outloet tion total total plus plus Tus ortho-
(fent) organic  organie nitrate teotal phosphate
PE-160894 13 82 03-17-87 G42 13 - 0.13 0.33 =0,02 0.10 0,01
05-10-87 B4E 10 - L34 .52 =.02 .13 .02
0g-02-87 B25 17 o .19 L40 = 02 .10 .0l
12-08-87 [3:1) 11 - .27 ey =.02 .05 =.01
FB-1G0GD 13 59 03-17-87 872 15 - .38 .57 <.02 .98 .01
05-19-87 720 11 -- L85 B3 =, 02 .78 L0z
09-02-87 oz 20 -- .28 .48 =.02 VA4 .01
12-08-87 754 15 - .37 .55 <.02 .73 .01
FB-1G08C 10 10 03-17-87 877 30 1.2 .84 1.2 0z .11 0z
05-19-87 802 33 e 75 1.0 =.02 L11 04
n9-n2-87 7689 18 - L4E .57 =, 02 .08 01
12-08-87 1,130 110 -- 1.6 2,1 =.02 .a7 01
PE-1E608D 10 12 03-17-87 1,270 130 20 .80 4.9 15.0 3.8 3.4
05-18-87 1,420 150 324 .an 3.c 28.0 B5.7 3.9
Q9-02-87 1,3/0 150 28 .15 1.3 28.0 6,2 48
12-03-87 1,380 160 3.0 1.0 1.8 1.2 15,0 11.0
FO-160ZE 12 24 03-17-87 920 54 4,3 1.3 4.3 03 21 14
05-148-87 936 a1 3.8 1.2 3.8 02 1o 03
co-nz-ar 928 73 H,2 2.0 B2 02 10 [epeA
12-08-87 964 65 .- 1,3 3.5 <. 02 .05 02
FRB-16085F 14 24 03-17-87 1,040 55 - 35 LBZ <. 02 14 .01
na-1a-47 957 94 6z 1) 1) L02 12 03
09 -02-87 1,080 100 -- 40 68 =, 02 14 L0Z7
12-08-87 1,170 140 == W3 68 =.02 05 =.01
FB-16049G 12 38 03-17-87 471 18 -- =D 3.2 <. 02 .41 03
05-19-87 5272 20 3.3 .80 3.3 04 .31 0g
0g9-p2-87 S06 19 4.1 1.7 4.1 03 L26 05
12-08-87 E15 47 -- LGB0 2.8 = 02 .08 0z
FO-1E08H 11 150 03-17-87 B25 14 -- 19 J52 =, 02 .08 =, 01
05-19-87 B32 20 == 55 =% =.02 L08 .02
09-02-a7 451 9 - 51 B3 =, 02 ,07 L0z
12-08-87 463 a 43 L5852 =.02 ] .0l

During 1986-87, ground-walter levels in the monitoring
wells were measured (lable 10) prior to water-quality
sampling to determine ground-water [low directions. The
direction ol regional ground-water flow s to the east in the
vicinily of site 3 (fig. 13). The local gradient across the site
between wells A und D during sampling was also east,
ranging from 1.90 > 1077 to 198 107 7. Water levels in well
F were consislently above those in the shallower monitoring
wells al the site. At well F, and possibly at other siles, higher
heads below the marl layer effectively prevent the downward
migration of ground water through the marl,

Water from well A, closest to the outlet (6 ft), had the
highest concentrations of chloride, total nitrogen, nitrite plus
nitrate, tolal phosphorus, and orthophosphate (table 13).
Concentrations of constituents commonly associated with
septic-tank effluent in water from other wells generally
decreased with distance rom the outlet. The exception to this

was well C (5 [t deep), which was shallower than the other
wells (8-20 1t deep). As ul site 2, either there is greater
attenuation of cllTluent with vertical migration than with
lateral migration or little downward (low occurs. At site 3,
well T2 (67 (1 [rom the outlet) is allected by effluent. Water
samnples collected December 16, 1986 (table 13), indicate that
septic-tank effluent may have reached wells Eor F (102 and
176 ft from the outlet). However, subsequent analyscs
were inconclusive, and higher heads at well F completed
below the marl layer muke it unlikely that septic-tank
effluent had affected that well. The cause of the anomalous
concentration is unknown. The maximum and minimum
conecentrations ol ammonia plug orgunic nitrogen in water
from each well are shown in figure 13, The maximum
concentration of ammonia plus organic nitrogen in waler
samples collected at site 3 waus in a sample from well C, the
shallowest well at the site.
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Table 12. Concentrations of selecled constituents in ground water at septic-tank test site 2 in the northarn Midlands, 1986-87

[All concentrations shown in milligrams per liter, except for specitic oonductance which is in microsiemens per centimeter. <, less than the value)

Dis- Nitrogen, WNitrogen, Fhos-

Well Well tance Date of  Specifie Chlo~ HNitro- Nitro- total total  Fhos-  phorus,
number dapth  to tank collec- conductance ride Eun, gem, atmonia nitrite phe-  total
(feet) outlet tiem total total plus plus rus artha-

(feet) arganic  arganic nitrate total phosphats

FB=15904 20 126 12-16-86 H96 20 - 0.43 0,53 =0.02 1,2 0.05
05-12-87 G663 az .69 58 .67 L0z .B5 .04

na-nz-87 585 20 == .37 1] =.02 .18 .03

12-03-87 616 1 - L33 S43 =,02 L26 02

FE-1530B 15 10 12-16-86 1,020 110 1.2 -5 1.2 .03 6.6 J12
5-12-87 1,040 120 .98 A1 .84 .02 1.0 .04

09-02-87 1,650 280 1.3 .80 1.3 .03 2.0 .10

12-03-87 1,570 220 - .88 1.4 =.02 .68 .04

FB-1500C 18 a8 12~16-86 1,890 260 - .B2 1.7 =, 02 LB3 .03
05-12-87 1,710 280 - .98 1.9 =.02 .28 .03

08-02-87 1,240 170 == .89 1.4 =.02 L24 03

12-03-87 1,440 210 B .87 1.6 =.02 .15 .03

FB-1580D 10 57 12-16+86 1,770 2a0 -= 1.6 4.0 =,02 5.0 .03
05-12-a7 1,840 280 3.4 1.2 3.4 02 .88 .08

09-02-87 1,510 220 == 2.1 4.6 =,02 .78 .08

12-03-87 1,110 140 - 1.1 3.3 =.02 1.7 .11

EB-1590F 15 57 12-06-86 1,550 220 - .83 1.3 =.02 1.5 .05
05-12-87 1,780 280 1.2 .01 1.2 .oz .68 .04

n8-nzZ-87 1,630 250 1.4 .88 1.4 .02 1.6 .07

12-03-87 1,640 240 -- 77 1.2 =.0Z .38 .03

FB-1580F 15 a2 12-16-86 Q07 a4 -- B0 2.0 =,02 3.2 .06
05-12-87 851 86 1.9 70 1.9 02 3.2 .05

08-02-87 1,030 110 2.2 1.0 2.2 .02 2.56 .08

12-03-87 876 a6 - LE0 1.8 =.02 i) .03

FB=1580G 20 1s2 12-16-86 584 13 - .28 Y] =.02 3.2 .04
05-12-87 637 13 .69 .48 67 .02 2.4 05

08-n2-87 G666 16 .61 40 .58 .02 3.2 .07

12-03-87 562 15 - 41 (B0 =.02 1.5 .04

SUMMARY

The northern Midlands, a sparscly developed area of
northeastern Palm Beach County, is undergoing increased
pressurcs for construction of single- family residences. As
many as 2(,000 new homes are expected to be built in the arca
by the year 2000, The area has low-topographic relief and is
often inundated because of heavy rainfall, poor drainage, and
the occurtence of near-surface marls that retard infiltration.
No public-water supplics and sewer services are currently
planned for the northern Midlands. Homes in the arca are,
and will probably continue to be, served by domestic wells
completed in the surficial aquifer system and by septic-tank
systems. The possible elfects of the use of a lurge number of
individual septic tanks and wells on ground-water quality and
water levels are mujor concerns for the arca.

The uppermost part of the surficial aquifer system is
primarily composed of unconsolidated sand and marl, with
localized lenses of shell and shelly limestone. Marl layers
extend throughout the northern Midlands at various depths in

the upper 50 feet of sediments. The shallowest of these marl
layers is a 4- to 10-foot thick umit that generally exisis at
depths of less than 10 feet helow land surface. The marl is of
very low permeability and greatly retards inliltration of rain
and surface water, Deeper marl layers further retard infiltration.

Ground-water levels in the northern Midlands during
the study were seldom more than 5 feet below land surface.
The water table was highest, about 22 feet above sea level in
the northwestern purt of the area. Regional directions of
ground-water flow were from this water-table high, east
toward the Atlantic Ocean, southwest toward the L-8 Canal,
and south toward the C-51 Canal.

Ground-water quality in the northern Midlands is
primarily influenced by residual seawater that was emplaced
during the Pleistocene Epoch. Chloride and dissolved-solids
concentrations that exceed secondary drinking-water standards
exist at depths ranging from near land surface to the base of
the surficial aquiler system mainly in the northern and
western parts of the study area, Chloride concentrations in
water from the upper 100 feet of the aquifer ranged from
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Table 13. Concentrations of selected constituents in ground water at septic-tank test site 3 in the northern Midlands, 1986-67

[ All concentrations shown in milligrams per liter, execpt for specific conductance which is in microsiemens per centimeter, <, less than the value]

Dis- Nitregen, Nitrogen, Fhos-

Wall Well tance  Date of  Specific Chlo- Hitro-  Hitre- total total  Phos-  phorus,
number depth Lo btank collec- conductance ride zen, Ben, ammonla nitrite pho- total
{feet) ouklek tian total total plus plus rus ortho-

(feeak) arpanic aorganic nitrate teotal phosphate

PE-15884 g 3] 12-16-86 941 48 15 1.1 1.4 14 4.0 0.74
05-14-87 741 E5 11 1.4 2.2 8.8 3.8 .25

na-0e-a7 2,300 240 2.6 1.4 2.4 L21 2.4 L4

12-04-87 706 2B a4 .93 1.9 BE.5 2.1 L 55

FB-1530B g 33 12-16-86 1,220 67 4.6 1.6 2.0 2.6 1.3 .07
05-14~87 1,110 g7 3.1 1.0 1.5 1.6 L0 .03

09-08-87 98 a2 - 74 1.1 <.02 L24 .02

FE-1588C 5 52 12-16-86 ang Bh E.0Q 5.2 5.5 .45 1.1 .02
05-14-87 aro 50 - - - == - --

PE-1508D 3 &7 12-16-86 E53 44 2.2 1.9 2.1 a8 43 =.01
05-14-87 573 a0 1.2 1.0 1.2 .03 .18 .01

09-08-87 718 78 -= .87 1.2 .02 L20 <.01

12-04-87 1.020 63 . LBE 1.2 =.02 L23 .01

PG-1508%E 10 102 12-16-86 B 20 1.8 1.6 1.8 02 .31 =.01

05-14-87 516 27 .04 .76 .88 .06 .14 .01

09-08-37 549 K] - .55 .79 = 02 L14 =01

12-04-87 575 24 -- L34 A7 =.02 .05 <.01

PE-1585F 20 176 12-16-86 509 47 1.5 1.3 1.5 .04 L25 .01
05-14-87 307 26 i .50 .64 =.02 10 .01

049-08-87 289 10 -- LA0 B0 =, 02 10 =.01

12-04-87 1,680 a9 .30 .57 =.02 05 =01

6 mg/L. (milligrams per liter) in well PI3-1538 to 3,700 mg/L
in well PR-1562, and all water samples from depths greater
than 100 [eel contained chloride concentrations higher than
500 mg/L, except in well PB-1546. Wells in arrays 1 and 3,
in the western part of the study area, yielded waler that
exceeded secondary drinking-water standards for chloride
and dissolved-solids concentrations at all depths sumpled
during drilling operations or during subsequent pumping of
the completed wells.

In the eastern and southeastern parts of the study arca,
higher permeabilities of sediments in the surficial aquifer
system have allowed more effective flushing and dilution of
residual seawater. With the exception of wells in the arca of
Loxahatchee Slough, chloride concentralions in waler [tom
wells in these parts of the study area were less than 250 mg/L.
Waler samples colleeted tfrom wells in the area of
I.oxahatchee Slough, during (and periodically alter) drilling
operations, had chloride concentrations that exceeded 250
mg/L at depths greater than sboul 60 feel. The chloride
concentration in water [rom well PB-1607, which is 180 lcet
deep, was 1,950 mg/L.

Three residential sites representative of hydrogeologic
conditions in the northemn Midlands were selected to study
the migration ol scplic-tunk effluent.  All three sites are
characterized by near-surface marl layers and fine silty sands
that retard vertical migration of effluent and ground water. In
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the vicinity ol the septic-tank drainliclds, migration of
effluent was controlled by the local water-table gradient
within the drainfield fill material on which the house and
drainficld were constructed.  Once away from the ground-
waler mound, within the A1 matenal, the effluent flowed in
the direction of regional ground-water movement or Loward a
local hydrologic feature, such as a pond, canal, or pumping
well,

Water from the shallowest wells nearest the septic-tank
outlct contained the highest concentrations of chloride, nitrogen,
and phosphorus associated with the elfTuent. Concentrations
of these constituents in the ground water atlenuated with
distance and depth from the drainfield. Sampled ground
water (5-20 feet deep) contained elevated concentrations of
these constituents as far as 38 feet from the outlet at site 1,92
feet from the outlet at site 2, and 67 feet from the outlet at site
J--all in the dircetion of regional ground-water flow. The
Florida Department of Environmental Regulation drinking-
water standard of 10 mg/L maximum concentration for nitrate
plus mitrite was exceeded in ground water at two sites: 29
mg/l at site | and 14 mg/l. at site 3.

The northern Midlands is an area ol [lal lopography,
frequent flooding, and low permeability of surficial sedimentary
materials that retard percolation of ground water and promote
surface Mow. These [actors need to be considered when
septic-tank disposal systems are consiructed in the area.

Hydrogeology and Migration of Septic-Tank Effluent in the Surficial Aguifer System in the Northern Midlands Arvea,Palm Beach Counly, Florida
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Appendix: Description of lithologic logs




Well FB-1521

Lat 26°25'50", long 80°08'39"
Sec. 22, T, 41 5., R. 42 E.

Thick- Depth below

ness land surface Description
(fest) (feet)
5 0-5 Sand, brownish-gray; fine grained: 10 percent shell fragments.
5 5 - 10 Sand, brown; fine grained; some black organics; marl at 8 feet,
5 10 - 15 Sand, light=gray; uartzose, fine to very fime, 10 to 15 percent heavy minerals; 33

Lo 40 percent shell fragments.

5 15 - 20 Sand, light-gray; quartzose as above: 5 to 10 parcent heavy minerals; 30 to 35 per-
cant shell fragments; streaks eof marl,

2 20 - 22 Send, grayvish-brown; guartzose, fine to very finme; 5 to 10 percent heavy minerals; 3
ta 5 shell fragments: 5 percent dark-gray silt and clay nadules,

Well PB-1522

Lat 267547177, long 80713'03"
Sec, 14, T. 41 5., R, 41 E,

Thick- Depth below

ness land surface Description
{(feet) (feat)
5 D -5 Sand, Llight-hrown to dark-brown; muartzose, fine to very fine; 5 to 10 percent heavy

minerals; 5 percent shell fragments.

5 5 - 10 Sand, Llight-gray; quartzose, fine to very fime; 1 te 3 percent heavy mine;ala; 40
percent shell fragments, hivalves, pastropeds, bryozoans; interbedded with limestone
rock fragments; marl at 10 fest,

5 10 - 15 Sand, light-gray to medium-gray; quartzosa, fine to very fine; 10 te 15 percent heavy
minerals; about 15 percent shell fragments; 10 percent marl,

5 15 - 20 Sand, brownish-gray; gquartzose, fine to very fime; 5 to 10 percent heavy minerals;
black organics; 5 to 10 percent silt-size partlcles.

A 20 - 22 Sand as in 15 to 20 feet.

Well PE-1523
Lat 26"54°45", lang 80°14'03"

Bec, 14, T. 41 5., R. 41 E.
Thick- Depth helow
Ness land surface Description
(feet) (feet)
5 D -5 Sand, graylsh-brown, gquartzose, fine to very fine; some organics; 15 to Z0 percent
heavy minerals,
5 5 - 10 Sand, dark-brown; as above: 20 percent shell fragmente; marl at 8 feet.
5 10 - 15 Sand, light-brown; quartzose, very fine; 10 te 15 percent heavy minerals: 30 percent
marl; 20 percent shell; some mud and organics.
5 15 - 20 Sand, graylsh-brown: quartzose, fine to very fine; 5 to 10 percent heavy minerals; 3
peraent. shell; 20 percent marl.
2 20 - 22 Sand, grayish-brown to greenish-gray; guartzose, very fine; 3 to 5 percent heavy min-

arals,

32 Hydrogeology and Migration of Septic-Tank Effluent in the Surficial Aquifer System in the Northern Midlands Area Palm Beach County, Florida



Well PB-1524

Lat 26°54'43", long 807157207
Sec. 1B, T. 41 S., R. 41 E.

Thick- Depth below

nass land surface Descripticn
(feat) (fesat)
5 0-5 Sand, brownish-gray; guartzese, fine ko very fine, well sorted; 3 to 5 percent heavy
minerals,
5 5 - 10 Sand, brownish-gray to dark-brown; as ghove; 5 to 10 percent heavy minerals; abundant

organics; marl layers,

5 10 - 15 Sand, grayish-green; quartzose, very fine; 3 to 5 percent heavy minerals; 15 to 20
percent shell fragments.

5 15 = 20 Sand, light-gray; same as above,

Well PB-1523

Lat 26°52'56", long B0712%32"
Sec. 24, T, 41 8., R. 41 E.

Thick-  Depth belaw

ness land surface Description
(feat) (feat)
5 o-5 Mud, brownish-gray to black; organic mud and marl; 20 percent quartzose, very fine to
silt.
5 5 - 10 Mud, brownish-gray to black; organic mud: 50 percent quartzeose, greenish-gray, Very
fine to silt,
5 10 - 15 Sand, light-brown to light-gray; guartzose, very fine, well sorted; 20 percent organ-
ies, black.
5 15 - 20 Sand, light-brown to tan; same as above; 5 ta 10 percent heavy minerals.

Well PB-1526

Lat 26°50°17", long BO"17'32"
Sac., 7, T. 42 5., R. 41 E.

Thick-  Depth below

ness land surface Description
(feet) {feet)
5 0-35 Sand, brawnish-gray to grayish-green; gquartzese, very fine; 5 to 10 percent heavy
minerals; 30 percent marl,
5 5 - 10 Marl, preenish-gray to light-brown; silt and clay-size particles; 30 percent guartz-
ose, very fine: 3 to 5 percent heavy minerals.
2 10 - 12 Marl as sbove; 10 percent guartzose as ahave,
3 1z - 15 Sandy shell: brownish-gray to greenish-gray; 40 percent guarhgzose, very fine to fine,

10 to 15 percent heavy minerals.

5 15 - 20 Zandy shell, brownish-gray to greenish-gray; 40 percent guartzese, medium to fine; 10
to 15 percent heavy minerals; 10 to 15 percent marl,
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Well PR-1527

Lat 26"48’56", long 80°20'37"
Sec. 15, T. 42 5., R. 40 E,

Thick- Depth below

ness land surface Description
(feet) (feet)
5 o-35 Sand, brown; quartzase, filne +o very fine; 3 to 5 percent heavy minarals;: marl
nodules at 2 to 5 feeh,
7 5 -1z Marl, greenish-gray to brownish-gray: quartzose, very fine; interbedded with
limestone (lopsely eemented} at 8 to O feet,
1 12 - 13 Limestone, black; looszely cemented; 50 percent shell fragments.
2 13 - 15 Cogquina; 20 percent quartzose, very fine.
5 15 - 20 Coquina; 30 percent quartzose, very fine; 5 to 10 parcent heavy minerals,

Well PB-1528

Lat 26748734", long B80°12'34"
Sec. 1l&, T, 42 S,, R, 40 E.

Thick- Depth below

ness land surface Deseription
(feet) (feet)
4 0 - 4 Sand, brownish-tan; quartzose, fine to very fine; 5 to 10 percent heavy minerals,
1 4 -5 Marl, madium-gray; clay and =ilt size; guartzose, very fine.
5 5 - 10 Marl, sams as above; interbedded with limestans and 30 percent shell at 8 to 10 fest.
5 10 - 15 S:nﬂ quartzase, fine ta very fine; 5 to 10 percent heavy minerals; 10 to 15 percent
shell.
5 15 - 2o Sand, medium-gray; quartzoze, fine to very fine: 15 to 20 percent shell; 10 te 15

percent heavy minerals,

Well PB-152%9

R ]

Lat 25"&8’32", lang BO"17'33"
Sec. 13, T, 42 5., R, 40 F.

Thick- Depth below

Deacription

necs land surface
{feat) (faet)
5 0 -3
2 5 -7
3 7 - 10
3 10 - 15
5 15 = 20

Jandy wmarl, pink-gray to brownish-gray; silt and elay: 30 percent quartzose, fine to
very ILine; 2 to 5 percent heavy minerals; 15 to 20 percent shell fragments at 4 ta 5
feal,

Limestone or sandstone, greenish-gray Lo brownlsh-gray; guartzose, fine to very finas,
poorly cemented; 20 to 30 percent shell fragments: 5 to 10 percent heavy minarals.

Sandy marl, grayish-green; clay and gilt; guartzase, fine to very fine,

Marl, = same as sbove; with eand increasing to 50 percent at 8 ko 10 feet; 3 to 5 per-
cant heavy minerals,

Sand, grayish-gresn to brownish-gray; quartzose, fine to vary fine; 5 to 10 percent
heavy minerals; some marl 15 to 18 feet; 25 to 30 percent organics at 18 to 20 faet;
brown sendstons nodules at 18 faot.
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well PE-1531

Lat 26°48'41", Llong 807147427
Sac, 16, T. 42 5,, R. 41 E,

Thick- Dapth below
nass land surface Description
(feat) {(feet) . _—

5 0-5 gandy shell, prayish-brown Lo brownish-tan; 30 to 35 percent quartzeose, fine Lo very
fine; 5 te 10 percent heavy minerals; abundant bivalvia.

2 5-7 Sandy marl, grayish-green to medium-gray; cquartzose, very fine; 3 to 5 percent. heavy

minerals; #0 to 30 percent ghell fragments.

3 7 - 10 Sandy marl, greenish-gray; clay and silt; quartzose, very fine: 3 ko 5 percent heavy

minerals,

5 10 - 15 Sand, greenish-gray te brownish-gray: quartzose, fine Lo very fine; 5 to 10 percent

. heavy minerals; 20 percent shell fragments; marl, increasing to 30 percent from 12 to
15 feetl,
5 15 20 Sand, grayish-greem +o preenish-gray; gquartzose, very fing; 10 ta 20 percent heavy
minerals; shell fragmenis at 18 to 20 feat.
Well FR-1532
Lat 2R"&45’33", long 807177347
Sec, 24, T. 42 5,, R. 40 E.
Thick- Depth below
ness land surface Dascriptlon
(feet) (faal)

5 0-5 Sand, greenish-gray to brownish-gray: gquartzose, fine Lo very fine; 4 to 10 percent
heavy minarals; 30 percent organica; marl layer at L ta 5 Teak.

5 a - 10 Sandy marl, greenisdh-gray; clay and silb; guartzose, very fine; 3 to 5 percent heavy
minerals; 3 to 5 percent shell fragmenta.

5 1 - 15 Sandy marl, greenlsh-gray to grayish-brown; =ilt and clay; quartzess, vory fine: 3 to
5 percent heavy minerals; 5 to 10 percent shell fragments.

5 15 - 20 Sand, grayish-brown to greenish-gray,; quarbzaose, madium Lo very fine; 0 Lo 3 percent
heavy minerals; streaks of marl.

Well PB-1533
Lat 26°45°'55", lang 807207 34"
Sec. 34, T, 42 3., R. 40 E.
Thick- Depth halow
ness land surface Description
(feet) (feat)

] 0 -5 Send, grayish-tan to yellewish-brown; guartzoss, line to very fine: 5 to 10 percent
heavy minerals; 10 to 15 pesrcent shell fragments: 3 bo 10 percent marl; 5 percent
sandetone nodules,

3 5 -10 %and, grayish-tan to greenish-gray; quartzese, medium to fine, 35 to 40 psrcent shell
fragmenta; 3 to 5 percent heavy minerals; marl layer at & to 10 feet; some organics.

5 10 - 15 Sandy marl, gresmish-gray; clay and silt; gquartzose, very fine; 1 to 3 percent heavy
minerals: 15 to 20 percent shell fragments from 10 to 12 fest, increasing to 40 per-
cont from 12 to 15 feet; some organics.

5 15 - 20 Sandy marl, preemish-gray; clay and silt; quarh=ose, vary fine to fine; 9 te 10 per-

cent heavy minerals; bilvalvia, gastropoda, Turritella, coral: 10 to 15 percent rock
fragments,
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Well PB-1534

Labk 26745'53", long BOD"16'17"
Bec. 32, T, 42 5., R. 41 E,

Thick- Depth below
ness land surface Description
(faat) {fnat)

5 0-5 Send, yellowish-brown; guartzose, fine to very fine:; 5 to 10 percent. heavy minerals;
5 to 10 percent shell fragments; 15 to 20 parcent organics; &40 parcent marl at 4 to 5
feat.

5 5 - 10 Sand, grayish-tan to medium-gray; quartzose, medium to very fine: 5 to 10 percent
heavy minerals; 10 to 15 percent shell fragments; 5 te 10 percent streaks of clay or
silt.

5 10 - 15 Sand, pale-gray ho beige; guartzose, medium to very fine; 3 to 5 percent heavy miner-
als; 3 te 5 percent shell fragments.

5 15 = 20 Sand, grayish-brown ko yellowish-brawn; quartzose, same as abave: 3 ta & parcent
heavy minerals; 5 to 10 percent organics: about 5 percent rock fragments.

Well PB-1535
Lat 26%445754"7, long B0 14743
Gec. 3, T. 43 5,, R. 41 E.
Thick= Depth below
NEsS land surface Descriphion
{feet) (feat)

3 0-3 Sand, grayish-tan to dark-brown; quartzose, fine to very fine; 40 to 45 percent or-
ganics; 5 to 10 parcent heavy minerals.

2 3 =3 Marl, yellowlsh-brewn ko reddish-brown; clay and silt; guartzosa, very fine; 5 to 10
percent shell fragments; 15 te 20 percent orpanics,

2 5-7 Sandstone, reddish-brown to light-gray; quartzese, medium to fine: 5 ko 10 percent
heavy minerals; 10 to 15 percent shell fragments; poorly cemented,

3 7 - 10 Zand, white to light-gray; quartzose, fine to very fine; 3 to 5 percent haavy miner-
als.

5 10 - 15 Sand, light-gray bo gravish-tan; zame as above.

5 15 - 20 Sand, lighk-gray to grayish-tan; gquartzose, medium to fine; 0 to 3 percent heavy min-
erals; 15 to 20 percent sandstone; loosely cemented.

2 o - 22 Sand, light-gray to prayish-tan: gquartzose, fine to very fine; 5 ko 10 percent heavy
minerals; 15 to 20 percent marl.

Lat 26°45'55", long B0°13'22"
Sec, 35, T. 42 5., R, 41 E.
Thick- Depth helow
ness  land surface Description
(feal) {feeat)

3 0D -3 dand, brownish-gray to reddish-hrown: quartzose, fine to very fine; 3 to 5 percent
heavy minerals,

2 3 -5 Marl, greenish-brownish-gray; silt; gquartzose, very fine; interbedded with caleite
and dolomite gravel-size rock fragment,

3 5-148 Sandy shell, brownish-gray; 25 to 30 percent quartzose, fina to very fine; § to 10
percent heavy mlnerals; abundant bivalvia; interbedded with limestone rock fragments.

2 & - 10 Fand, while ho olive-gray; mquartzose, fine to very fine; 3 to 5 percent heavy miner-
als,

4 10 - 14 Gand, white to elive-gray; gquartzose, fine to very fine; 3 to 5 percent heavy miner-
ala; 10 to 15 percent shell frapments; interbedded with 5 +o 10 percent limestone
rock fragments,

5] 14 - 20 Sand, dark-brown; quartzose, (ine to vary fine,
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Well PB-1537

Lat 2B6°45'47", long 80°12'53"
Sec. 35, T. &2 5,, R. 41 E.

Thick-  Depth below
ness land surface Description
(feet) (feat)

5 0=-35 Road f£ill,

5 5 - 10 Sandy marl, medium-gray to brownish-gray; gquartzose, fine to wvery fine; 5 to 10 per-
cent heavy minerals; 20 to 30 percent shell fragments, decreasing to 5 to 10 percent
at 10 feet,

5 10 - 15 Sand, light-gray to blue-gray; 30 to 35 percent gquartzose, fine to very fine; 1 to
3 percent heavy minerals; 20 to 25 percent shell fragments; 20 to 25 percemt marl,
blue-gray; clay and silt: 10 to 15 pereent dolomite, orange, weathered.

5 15 - 20 Sand, dark-brown to grayish-tan; guartzose, coarse to very fime; 1 Lo 2 percent heavy
minerals.

Well PBE-1538
Lat 26%44'20", long 80719°43"
Sec. 11, T. 43 5., R. &40 E,
Thick- Depth below
nass land surface Description
(faat) (feat)

5 0b-5 Sand, medium-brown to dark-brown; quartzose, fine to very fine; 1 to 3 percent heavy
minerals; abundant arganic materials; marl at 4 to 5 feeh,

5 5 - 10 Marly sand, brownish-tan ta medium-brown; guartzose, fine to wery fime; silt; 1 ta 3
percent heavy minerals,

3 10 - 13 Sand, white to light-gray: quartzose, fine to very fine; 5 to 10 percent heavy minaer-—
als,

2 13 = 15 Shell, white to light-gray; 80 percent shell fragments; interbedded with about 20
percent limestone, black.

5 15 - 20 Bhell interbedded with limestone, same as above.

2 20 - 22 Calcareous =aand, Light-gray to gravish-tan; guartzose, fine to very fine:; 5 to 10
percent heavy minerals; 35 percent shell fragments.

Well PE-1539
Lat 28°42'24", long BO"16'55"
Bec., 19, T. 43 3., R, 41 E,
Thick~ Depth bhelow
nass land surface Dascription
(feet) (feat)

5 0 -5 Road £111.

5 5 =10 Sand, white to light-gray to prayish-tan; quartzose, fine to wvery fine: 5 to 10 per=
cent heavy minerals; about 10 percent arganics abk 5 te & feet.

10 10 = 20 Sand, white to light-gray to gray-tan; quartzose, coarse to very fine, well rounded.
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Lat 26742722", long 80°15'24"
Sec, 21, T, 43 5., R. 41 E.

Thick- Depth belaow

ness land surface Description
(feat) (feeat)
S 0-5 Road rill,
5 a2 - 10 Sand, greenish-gray; guartzose, line to very fine: 5 to 10 percent heavy minerals; 10

to 15 percent shell fragments; interbedded with 5 to 10 percent limestone,

5 10 - 15 Sand, white to light-gray to greenish-gray; quartzose, fine to very fine; 5 to 10
percent heavy minerals; 20 to 25 parcent shell fragments; 5 to 10 percent marl; 20 to
25 perecent limestone rock fragmsnts.

3 15 - 18 Gand, greenish-gray; interbedded with limestone as above.

2 18 - 20 Sand, blue-pgray; guartzese, fine to very fime; 5 to 10 percent heavy minerals; 25 to
30 percent shell fragmentse; 15 ta 20 percent marl, clay and silt (blue-gray),

2 20 - 22 Sand, blue-gray to grayish-tan; guartzose, fine Lo very fine; marl to Z1 feet: shells
increase to 50 percent at 22 feet, Turritella,

Well PB-1541

Lat 28°51'45", long 80"15'27"
Bec. 33, T. 41 5., R, 41 E,

Thick- Depth below

ness land surfacae Degcription
(fast) [(funt)
4 0 - 4 dand, yellowish-brown to light-gray; gquartzose, fine to very fine; 3 to 5§ percent
heavy minerals; 3 ta 5 percent shell fragments,
2 4 - 8 Sandy marl, brownish-gray to olive-gray: silt and very fine quartzose.
2 & - & Sandy  shell, olive-pray; guartzose, medium to fine; abundant hivalvia: 15 to 20 per-

cenk limestone rock frapgments,

2 a - 10 Sandy marl, olive-gray; silt; gquartzose, very fine; 3 to 5 percent heavy minerals; 1%
to Z0 percent limestone rock fragments.

3 10 - 15 - Send, white to Light-pray; quartzose, fine to very fine; 3 ta 5 percent heavy miner-
als; 20 to 25 percenbk marl, greenish-gray, clay and silt,

5 15 - 20 Sand, white ko light gray; guartzose, fine to very fine; 5 to 10 percent heavy miner-
als; 15 ta 20 paresnt shell fragments; 10 to 15 percent marl, same as above.
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Well PE-1548

Lat 26°56'06", long 80°13'55"
Sec. 3, T. 41 5, R. 41 E

Thick-
j31:3-3
(feet)

Depth below
land surface

{feet)

Description
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=13]

B0
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G0

63

Sand, dark-brown to mediuwn-brown; 40 to 45 percent guartzose, moderstely sorted, me-
dium to coarse, subrounded to subangular; 1 ta 3 percent heavy minerals, fine Lo very
fine, subrounded to rounded, well sorted; 5 to 10 percent shell fragments: 10 to 15
percent organics: Z0 to 25 percent calcite: grades down to lime mud marl.

Marl, bluish-gray; 20 te 25 percent quartzosa, fine to vary fine, moderabtuly sorted,
subrounded to rounded; 10 te 15 percent shell fragments, abundant bivalwvia, Venus; 1
to 3 percent heavy minerals, fine to wery fine, roundsd to subrounded, well sorted;
45 to 50 percent caleocite crystals and lime mud; semi-impermeable,

Marl, bluish-gray to brownish-gray; gquartzose, sgilt to wvery fine, meoderately scrted,
subrounded to rounded; 5 to 10 percent shell fragments; 1 to 3 percenl hesvy minerals
as above; 20 to 25 percent carbonates; semi-impermeable,

Sandy marl, brownish-gray to blulsh-gray; gquartzose, wery fine to fine, well seorted,
gubrounded to rounded; 3 ta 5 percent heavy minerals, wery fine, subrounded to
subangular, well sorted; 1 to 3 shell fragments; 5 to 10 percent carbonabes; semi-
impermeable.

Shelly sand, brownish-gray; quartzose, fine te very fine, moderately sorted, sub-
rounded to rounded; 1 to 3 percent heavy minerals, very fine, well sorted subrounded
to rounded; 40 te 45 percent shells, abundant bivalwia.

Carbonata sand, b:ownish-gray; 45 to =0 parc@nh detrital cnrhunahus, fine to very
fine, subangular te angular, moderately sorted; 10 to 15 vercent heavy minerals, very
fine, well sorted, rounded; 25 to 30 percent shell fragments, abundant bivalwvia;
interbedded with 10 to 15 percent limestene, bkrownish-gray to bluish-gray; packed
biomicrite to sparse blosparite.

Limestone, dark-brownish-gray to medium-browniash-gray; fessiliferous intramicrite; 1
to 3 percent bivalvia; 9 ko 10 percent galeite intraclast, fine to very fine, moder-
ately sorted, subrounded to subangular; 3 Lo 5 percent heavy minerals, fine to  wvery
fine, well sorted, subrounded to rounded; wvery well cemented: very porous.

Carbonate sand, medium-brownish-gray; detrital calclite crystals, medium te fine, sub
rounded to angular, poorly sorted; 30 to 35 percent shell fragments; 10 to 15 percent
heavy minerale, fine to very fine, subangular to rounded, poorly sorted.

Carbeonate sand, medium-brownish-gray; detrital calecite crystals as above; 40 Lo 45
percent shell fragments, abundant bivalvia; 10 to 15 percent heavy minerals as above.

Carbonate sand, dark-gray to medium-gray; debrital carbonates, coavse to fine, angu-
lar to rounded, poorly sorted; 40 to 45 percent shell fragments as ahove; 10 ta 135
percent heavy minerals as above,

Carbonate sand, dark-gray to medium-gray: detrital carbonates, very fine to medium,
angular Lo =subrounded, poorly sorted: 40 to 45 percent shell frapments, bivalvia; &
to 10 percent heavy minerals, fine to very fine, rounded, well sorted,

Carkbonate sand, same ae above; Galeodea.

Carbonate sand, dark-gray to medium-gray; detrital carbonates, very fine to medium,
subangular to subrounded, poorly sorted; 3 to 5 percent heavy minerals, fine to very
fine, rounded to subrounded, moderately sorted; 35 to 40 percent shell fragments,
bivalvia, Mya.

Carbonate sand, dark-gray to medium-gray; detrital carbanates, fine Gta very fine,
subreunded to subangular, moderately sorted; 5 to 10 percent heavy minerals as ahove:
35 to 40 percent shell fragments, Mya, Anadora, gastropods.

Carbonate =sand, dark-gray to medium-gray to grayish-brown; detritsl carbonates, very
fine to medium, subrounded to subangular, moderately sorted; 3 to 5 percent heavy
minerals, fine to very fine, rounded to subrounded; 40 to 43 percent shell fragmenits,
Iurritella, Anadora, Mva, Glyeymeris, worms, others; aboubt 20 to 30 percent  cemented
into sandstone and limestons nodules, guartzose, fine to very fine, subrounded to
rounded, moderately sorted.

Carbonate sand dinterbedded with 25 percent limestone, dark-gray to medium-gray to
grayish-brown; detrital carbonate, wvery fine to very ecoarse, angular to rounded,
poorly sorted; 40 to 45 percent shell fragments, gastropods, Viviporus, bivalves as
above, barnacleas, worms; fassiliferous limestene; poorly washed biosparite to sorted
bloaparite; quartzose, fine to very fine, rounded to subrounded; carbonates as above;
10 to 15 percent heavy minerals, fine to very fine, rounded to subrounded: abundant
gaatropod molds; very porous.
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Well FB-1546--Conbinued

Thick-  Depth below

Ness land surface Description
{feet) {feet)
7 63 = 70 Carbonate sand interbedded with 10 percent limestone, medium-gray to grayish-green;

detrital carbenates, fine to very fine, subrounded to rounded, well sorted; 25 ta 30
percent micrascapic shell fragments: 5 to 10 percent heavy minerals, fine to very
tine, rounded to subrounded, well sorted; cemented in places ta intrasparite lime-
stone; semi-impermeable.

3 70 - 73 Carbonate sand with interhedded limestone, medium-gray to brownish-gray; about 50
percent detrital carbonates and shell fragments, bivalves, gastropods, barnacles; 10
to 15 percent heavy minerals, fine to very fine, rounded to subrounded, some phos-
phates and elongate gypsum crystals; 25 to 30 psrcent limestone; intrasparite to
sparse biosparite.

3 73 - 76 Carbonate sand with interbedded sandy limestone; medium-gray to brownish-gray; detri-
tal carbopates and shell fragments as above; 10 to 15 percent heavy minerals as
gbove; about 5 to 10 percent sandy limestone, intrasparite; 25 to 30 percent quartz-
ose, fine to very fine.

4 76 - 80 Sandy limestone, medium-gray to brownish-gray; poorly washed bicsparite; 25 to 30
percent guartzose, fine to medium, subrounded to subangular; 10 te 15 percent heavy
minerals, fine to very fine, rounded to subrounded; 25 to 30 percent shell fragments,
inadora, others, gastropods; moldic, vugs, very porous; about 25 to 30 percent loose
debrikal carbonate and shell fragments.

3 B0 - B3 Sandy, calcareocus limestone; packed biosparite; medium-gray to brownish-gray; quartz-
ose as above; 5 to 10 percent heavy minerals, very fine, rounded, well sorted; 35 to
40 percent shall fragments, scallops, other bivalves, gastraopods, Turritella; meldie,
yuge, very porous; moderately cemented; 25 to 30 percent loose detrital carbonates
and shell fragments,

3 83 - BG Sandy, caleareous limestone as above, madium-gray to olive-gray to hrownish-gray.

4 BE - 40 Sandy, calcareous limestone, medium-gray; packed biosparite to coguina in  places;
20 to 25 percent gquartzose, fine ko very fine, subangular to subrounded, well sorted;
3 to 5 percent heavy minerals, very fine, rounded, well sorted; abundant bivalvia,
scallope; moldie, vugs) modarately cemented; porous: 25 to 30 percent loose detrital

carbonates and shell fragments.

3 90 - 63 Carbonate sand interbedded with limestone, medium-gray to brownish-gray; 20 te 25
percent guartzose, fine to very fine, subangular to subrounded, well sorted; 5 to 10
percent heavy minerals and phosphates, very fine to medium, well rounded, well sorted
(fine); 30 to 35 percent shell Iragments, abundant bivalwia, gastropods; about 10 to
15 percent Llimestone; sandy, packed bipsparite; moldie, wugs: poorly he moderately
cemented; porous.

3 93 - 96 GCalecarecus zand, medium-gray to brownish-gray; 10 to 15 percent guartzose as above; 5
to 10 percent heavy minerals as above; 45 ko 50 percent shell fragments, Heptunhea,
Terebra, Glycymeris; about 5 to 10 percent loosely cemented nodules.

4 96 - 100 Sandy shell, medium-gray to brownish-gray; 20 te 25 percent detrital carbonates, fine
to  coarse, angular to rounded, poerly sorked; 5 to 10 percent heavy minerals as
above: abundant gastrapods, Turritella, Conus, Terebra, Olivella, Clathredrilla,
bivalvia, Cerastroderma, Lirophora, scallops, Chlorophvta (algae).

3 100 - 103 Sandy shell as above, dark-gray to medium-gray; Cypraea and other shell fragments as
above; 5 to 10 percent cemented as nodules.

3 103 - 108 Sandy shell, dark-gray to medium-gray to brownish-gray; 10 to 13 percent quartzose,
very fine to medium, subrounded to angular, poorly sorted; 3 to 5 percent heavy
minerals, very fina, rounded, well sorted; 25 to 30 percent detrital carbonates;
shell fragments, Turritella (abundent), other gastropods and bivalves, barnacles,
algae.

4 106 - 110 Sandy shell as above; shell fragments, abundant Turritella, Dliva, Cypraea, oysters,
and clams, Glycymeris bryozean, Conopeum.

3 110 - 113 Sandy shell, dark-gray to medium-gray; 20 te 25 percent quartzosae, fine to medium,
subrounded to angular, moderately sorted; 3 ta 5 percent heavy minerals, very fine
to medium, rounded to subangular, moderstely sorted; 5 to 10 percent cemented as
cogquina; shell fragments as above, coral, Septastrea,

3 113 - 116 Sandy shell as above; not cemented,

4 116 - 120 Sandy shell, dark-gray ho medium-gray to brownish-gray; 15 te 20 percent guartzose,
very fine to medium, subrounded to angular, poorly sorted; 3 to 3 percent heavy min-
grals, rounded ta subrounded, fine to very fine, moderately sorted; 20 to 25 percent
detrital carbonates: shell fragments, abundant gastrepods, Turritella, Conus, Oliva,
Chicna, caral,
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Well PBE-1546--Continued

Thick-  Depth below

neas land surface Descriphion
(feel) (feaat)
3 120 - 123 Sandy shell as above; about 5 to 10 percent partially cemented.
3 123 - 126 Shelly sand, medium-gray to beige-gray; quartzose, Very fine to medium, moderately

sorted, subrounded to angular; 5 to 10 percent heavy minerals, very fine to fine,
rounded to subrounded, well sorted, 40 to 45 percent detrital carbenates and shell
fragments; 5 to 10 percent loosely cemented as coguina.

4 126 - 130 Shelly sand interbedded with coquina, medium-gray to beige-gray; guarkzose, very fine
to coarse, subrounded to angular, poorly sorted; 3 to 5 percent heavy minerals and
phosphates, very fine to fine, rounded to subrounded, well sorted; 40 to 45 percent
detrital carbonates and shell fragments; interbedded with 20 to 25 percent caguina.

3 130 - 133 Shelly sand, medium-gray to beige-gray; quartzose, fine to coarse, subrounded to an-
gular, poorly sorted; 5 to 10 percent heavy minerals, very fins to medium, rounded to
subangular, poorly sorted; 40 ko 45 percent detrital carbonates and shell fragments,
bivalvia, barnacles, worms, epines; loosely consolidated.

3 133 - 138 Shelly sand with interbedded limestone, medium-gray to beige-gray; guartzose, very
fine to medium, angular to subrounded, moderately sorted; 5 to 10 percent heavy min-
erals, very fine to fine, rounded to subrounded, moderately sorted; 30 to 35 percent
shell fragments and detrital carhonates; 20 to 25 percent leosely cemented limestone;
sparse hiasparite.

7 136 - 143 Zand, medium-gray to light-gray; gquartzose, fine to medium, subangular to angular,
well sorted; 3 to 5 percent heavy minerals, fine to very fims, rounded to subrounded,
moderately sorted; 5 to 10 percent detrital carbonates and shell fragments.

3 143 - 146 Sand, medium-gray to light-gray; quartzose, fine to medium, subrounded to angular,
maderately sorbed; 5 to 10 percent heavy minerals as in 135 to 140 feet; 1 to 3 per-
cant. phosphates; 5 Lo 10 percent detrital carbonates and shell fragments.

4 146 - 150 Sand, medium-gray Lo Light-gray; guartzose, fine to medium, subrounded to angular,
moderately sorted; 5 to 10 percent heavy minerale, rounded to subrounded, well
sorted, 1 bto 3 percent phosphates: 3 Lo 5 percent detrital carbonates and shell
fragments.

[ 150 - 156 Sand interbedded with sandstone, medium-gray to grayish-green; guartzose, fine ta
very fine, angular to subrounded, moderately sorted; 5 to 10 percent haavy minerals,
fine to very fine, rounded to angular, moderately sorted: 1 te 3 percent debrital
carbenates: 1 to 3 percent phosphates; 5 teo 10 percent loasely cemanted guartz sand-
stone,

4 156 - 160 Sand, prayish-green to olive-green; guartzose, silt size to fine, subrounded to angu-
lar, well sorted; 3 to 5 percent heavy minerals, fine Lo very fine, rounded to sub-
rounded, well sorted; 3 to 5 percenk phosphates; 1 to 3 percent detrital carbonates.

3 160 - 163 Gand interbedded with sandstone, grayish-green to olive-green; quartzose as above; 5
to 10 percent heavy minerals, fine to very fine, rounded to subrounded, wall =orted;

4% to 10 parcent phosphates; 5 to 10 percemt loosely cemented sandstone with mieribilc
matrix.

3 163 - 166 Sand, olive-green; guartzose, very fina to fine, subrounded te angular, maderately
sorted; 3 to 5 percent heavy minerals as above: 5 to 10 percent phosphate; 3 to 5
percent. detrital carbonates.

4 166 - 170 Sand, dark-greenigh-gray ta olive-green; guartzose, ailt size to fine, rounded to
subrounded, well sorted; 3 to 5 percent heavy minerals, rounded te subangular, silt
to fine; 5 to 10 percent phosphates; 10 to 15 percent detrital carbonates and mi-
critic mud.
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Well PB-1550

Lat 26%51'34", long 80°17727"
Sec, 6, T, 42 3., R. 41 E.

Thick- Depth bhelow

ness land surface Descriptiaon
(feet) (feet)
5 o-35 Sand, pale-yellowish-brown (10 YR B/2) to light-olive-gray (5 ¥ 6/1), medium to

coarsn, rounded to subrounded, modsrately sorted; 1 to 3 percent heavy minerals, fine
Lo vary fine, rounded to subrounded, well sorted; 1 to 3 percent detrital carbonates.

5 3 - 10 Sandy marl, grayish-brown (5 YR 3/2) to olive-gray (5 Y 4/1): 40 te 45 parcent
quartzose, clay eize te coarse, rounded te angular, poorly sorted; 3 to 5 percent
hoavy minerals, fine to very fine, rounded to subrounded, well sorted; 10 ta 15
percent organics, micritic mud; 5 to 10 percent detrital shell fragments,

6 10 - 18 Sandy, shelly marl, yellowish-gray (5 Y B/1) to light-elive-gray (5 ¥ 6/1); 20 to 25
percent guartzese, clay eize to medium, rounded to subangular, poorly sarted; 5 to
10 percent heavy minerals, fine to very fine, rounded to subrounded, well sorted;
micritic mud with 25 to 30 percent detrital carbonate and shell fragments; 5 te 10
percent organics.

4 16 - 20 Shelly =sand, Light-gray (N 7) to vellowish-gray (5 ¥ 8/1); quartzose, silt size to
fine, reunded to subangular, well sorted; 10 to 15 percent heavy minerals, wvary fine
Lo medium, rounded to subangular, moderately sorted; 35 to 40 parcant. shell fragmente
and detrital carbonates,

3 A0 - 23 Muddy sand, light-olive-gray (5 Y 6/1); quartzose, silt size to very fine, rounded to
subrounded, wall sorted; 5 te 10 percemt heavy minherals, vary fine to fine, well
gorted, rounded to subrounded; micritic lime mud; 10 to 15 percent shell fragments,
Chione, Pitar, Cardita, Cardium.

3 23 - 2B Muddy sand as above; Diplodonta.
4 26 - 30 Muddy sand, light-olive-gray {5 Y 6/1) to olive-gray (5 ¥ 4/1); guartzose, silt size

ko wvary fine, subrounded to angular; moderately sorted; 10 to 15 percent heavy miner-
als, very fine Lo fine, rounded to subrounded, well zorted; micritic mud; 5 ta 10

percenl shell fragments, Chiene, Mya, Olivella, Terebra, Cerithium, Callijostoma.

3 40 - 332 Sandy lime mud with rock fragments, medium-gray (N 5) to light-olive-gray (5 ¥ 6/1):
micrite; 30 to 35 percent gquartzose, silt size to fine, angular te subrounded, moder—
ately sorted; 5 to 10 percent heavy minerals as above; 5 to 10 percent shell frag-
ments, Bugycon, Chione; 5 to 10 percent partially cemented, sandy, sparase bloaparite,

3 33 - 3B Sandy lime mud with rock fragments; micrite; 30 to 35 percent gquartzose as abave; 5
to 10 percent heavy minerals as above; 10 to 15 percent detrital carbonates and shell
fragments, Chione, Oliva, Cardita: 10 to 15 percent limestone; poorly washed hiospar-
ite; 230 to 35 percent guartzose as above.

4 36 - 40 Carhonate sand, light-olive-gray (5 Y 6/1) tao light-blulsh-gray (5 B 7/1y:; 20 to 25
percent quarlzese, fine to very fina, angular to subrounded, poorly sorted; 5 to 10
percant heavy minerals, very fine ta fina, rounded to subrounded, well sorted; datri-
tal  carbonates and shell fragments, Chiopa, limpets, Dlivells; 5 to 10 percent rock
frapgments; poorly washed biosparite: 20 to 25 percent gquartzase as abova.

3 40 - 43 Carbonate sand as above; Cypraea, Chiope, Calliostoma, Terebra,

3 43 - 4G Carbonate sand, color as above; 30 to 35 percent gquartzose, very fine to medium,
angular to subrounded, peorly sorted; 5 te 10 percent heavy minerals, very fine to
coarse, rounded to subrounded, poorly asorted; detrital carbonates and shell frag-
menbs, Chione, Cypraea, Oliva, limpet, Crepidula, Cardita.

4 46 = 50 Carbonate sand as above; Anadara, Strombus, Conus.
3 50 - 53 Sandy shell, yellewish-gray (5 ¥ &/1) to medium-bluish-gray (5 B 5/1); 30 to 35 per-

cent quartzose as above; 5 ko 10 percent heavy minerals, very fine to coarse, rounded
to subrounded, poorly sorted; 1 to 3 percent heavy minerals; detrital carbemates and
shell fragments, abundant bivalvia, Chione, oysters.

2 53 - 56 Sandy shell, medium-gray (N 5) to yellowish-gray (5 Y 8/1); 15 to 20 percent quartz-
ase, vary fine to medium, angular to subrounded, moderately sorted; 3 to 5 parcent
heavy minerals, very line Lo medium, rounded to subrounded, moderately sorted; detri-

tal carbonates and shell fragments, oysters, Chione, Cyprasa, Cerithium.
7 36 - B3 Shelly sand, yellewish-gray (5 Y 8/1) to medium-gray (N 5); guartzose, angular to

subrounded, wvery fine to medium, moderately sorted; 3 te 5 percent heavy minerals,
very fine Lo medium, rounded to subrounded, moderataly, moderately sorted: 35 to 40
parcent detrital carbonates and shell fragments, abundant bivalvia, oysters, Anadara,
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Well PB-155 --Cantinued

Thiek-
nass
(feet)

Depth below
land surface

Description

3

(fest)
53 - BB
BB - 70
70 - 73
73 - 76
76 = 80
80 - B3
83 - BB
86 - 490
a0 - 83
93 - 96
96 - 100

100 - 103
103 - 106
106 - 110
110 - 113

Sandy limestone, vellewish-gray (5 Y 7/2) to medium-gray (N 5); intramicrite; 20 ta
25 percent guartz, very fine to medium, rounded to subsngular, moderately sarted; 15
to 20 percemt shell fragmsnts, warm colony, molds; 15 to 20 percent detrital carbon-
ates; very porous, VUags; interbedded with sand; guartzese, wvery flne to fine, angular
to subrounded, well sorted; 3 to 5 percent heavy minerals, very line to fine, rounded
to subangular, moderataly sorted; 3 to 5 percent phosphates; 35 to 40 percent detri-
tal carbonates and shell fragments, Chicne.

Sandy shell, medium-gray (N 5) to yellowish-gray (5 Y £/1): detrital carbonatas and
shell fragments, Copus, Cerastoderma, Oliva, Anadara; 30 bta 35 percenk guartzose,
very fine to flne, rounded to subrounded, well sarbed; 5 to 10 percent phosphates;
about 5 to 10 percent partly cemented as packed blosparite.

Sandy shell as sbove; Chione, limpets, Oliva; algae, barnacles, abundant bivalvia.

Sandy shell, medium-light-gray (M B) to yellewish-gray (5 ¥ &/1); detrital carbonates
and =hell frapments, Chione, Tersbra, bivalves and gastropeds abundant; 23 to 30 per-
cent quartzose, very fine bo medium, angular to subangular, moderately sorted; 3 to 5
percent heavy minerale, fine to very Iina, well sorted, rounded to subrounded; 3 ta
10 percent phosphates, rounded to subrounded, very fine to madium, moderately sorted.

Sandy shell as above; 30 to 35 percent quartzose, Conus, Cancellaria.

Sandy shall, yellowish-gray (5 Y 8/1) to medium-light-gray (N B); detrital carbonates
and ghell fragments, Chione, Crepidula, Cancellaria, oysters; quartzose, very fine to
medium, smgular to subangular, moderately sorted; 5 to 10 percent heavy minerals as
above: 3 to 5 percent phosphates as above.

Sandy shell as abova; 35 to 40 percent quartzoss.

Sandy shell, partially cemented, vollowieh-gray (a3 ¥ 8/1) to medium-gray (N 5); de-
trital carbonates and shell fragments, Tersbra, Crepidula, oysters, scallops, harna-
cles; 30 to 35 percent quartzose as above; 5 to 10 percent heavy minerals, very fine
to medium, roundsd ta subrounded, moderately sorted; 5 to 10 percent phosphatas;
interbeddsd with 10 ha 15 percent limestone; packed biosparite; moldic, vugs, very
porous: loosely cementad.

Sandy shell; interbeddsd with Limestone, medium-gray {H 5) to yellowish-gray (3 ¥
8/1): detrital carbonates and shell fragments, Conus, Turritella, Olivella, Chions,
barnacles, worm tubes, algae; 20 to 23 percent quartzose, very fine to medium, an-
gular to subrounded, moderately sorted: 3 to 5 percent heavy minerals, very fine o
medium, rounded to subrounded, moderately sorted; 3 to 3 percent phosphates; inter-
bedded with limestane, dark-gray; packed bipsparite; 20 to 23 percent quartz as
above; 40 to 45 percent shell fragmentsa; very porous, moldic, vugs: loosely cementad,

Sandy shell:; interbedded with limestone nodulezs as above: Chione, Turritella,
barnacles, abundant hivalves, Conus,

Sandy shell; interbedded with limestone nodules; detrital carbonates and shell frag-
ments, Conus, Turritella, Chione, Murex, Cancallaria, Arca, abundant bivalvia, bar-
nacles, worm tubes, Conopeum; 15 to 20 percent guartzose, very fine to medium, sub-
rounded to angnlar, poorly sorted; 3 te 5 percent heavy mitierals, wvery fine te fine,
roundid to subrounded, well sorted; 1 te 3 percent phosphales; interbedded with lime-
atone mnodules; packed hiosparite; guartz and heavy minerals as above; moldic, wugs,
very porous; loosely cemented.

Sandy limestons, vyellowish-gray (3 Y 8/1) to medium-gray (N 5); packed biosparite,
barnacles, Conopeum, abundant bivalvia, worm tubes: 10 to 15 percent guartz, very
fine to medium, rounded to subrounded, moderately sorted; 3 to 5 percent heavy miner-
als, rounded to subrounded, fine to very fine, moderately sorted; interbedded with
about 45 to 50 percent loose zand and detrital carbonates and shell fragmenta; Conus,
Chione, Turritella, Olivella, Cardita, Terebra, Cypraea, sbundant bivalvia; 15 to 20
percent «quartzose, angular to subrounded, very fine to madium, moderately sorted; 3
Lo 5 percent heavy minerals as sabove; 3 to 5 percent phosphates.

Sandy shell: interbedded with limestona, yellowish-gray (5 ¥ 6/1) to medium-gray
(N 5): detrital carbonates and shell fragments, Turritella, Clavilithes, abundant
pastropods, [Cancellaria, Glycymeris, abundant bivalvia, Glathrodrillia; 15 to 20
percent quartzosm, very fine to medium, angular to subangular, moderately sorted; 3
te 10 percent heavy minerals, rounded to subrounded, very Tine to fine, moderately
sorted; 1 to 3 percent phosphates; interbedded with 5 te 10 percent limestone; packed
biosparite; very porous, maldic, vugs; loczely cemented.,

Sandy shell; interbedded with limestone as above; 20 to 25 percent quartzose; Turri-
tella, Clathrodrilla, Glyeymeris, Conus, Fusinus.

Sandy shell, yellowish-gray (5 ¥ &/1); detrital carbonates and shell fragments,
Chione, Turritella, Conus, Cyprasa, Lirophora: 15 to 20 percent guartzose, very fine
to medium, angular to subangular, moderately sorted: 5 Lo 10 percent heavy minerals
and phesphates, very fine to fine, rounded to subrounded, moderately sorted,
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Well PR-1550--Continued

Thick-  Depth below

ness land surface Description
(feet) (feat)
3 113 - 118 Sandy shell as above; interbedded with loossly cemented limestons rock fragmente;

packed biesparite, Turritella, Chione, abundant blvalvia,

7 116 - 123 Sandy shell, yellowish-gray (5 Y 8/1) to medium-gray (N 5); detrital carbonates and
shell fragments, Oliva, Glycymeris, Fusinus, Architectenica, Turritella: 25 to 30
percent  quartzose, wvery [line to medium, subreunded to angular, moderately sorted;
4 te 10 percent heavy minarals and phosphates, rounded to aubreunded, very fine to
fine, moderately sortad,

3 123 - 128 Jandy shell, yellowish-gray (5 Y 8/1) to light=-gray (N 7); detrital carbonates and
ehell fragments, Turritella, abundant gastropeds, abundant bivalvia, scallops,
barnacles; 15 to 20 percent gquartzose, very fine to coarse, subrounded to angular,
poorly sorted; 3 to 5 percent heavy minerals and phosphates, very fine to medium,
rounded to subrounded, mederately sorted: loosely cemented in places,

& 126 - 130 Sandy limestone, light-gray (N 7) to yvellewish-gray (5 ¥ &8/1) changes to light-olive-
gray (3 Y 5/2) when wet with water; packed bicsparite, abundant bivalvia; 20 to 25
percent  quartzose, fine to coarse, subrounded to subangular, moderately sorted; 3 to
5 percent heavy minerals, fine to coarse, moderately sorted; moderately cemented;
maldic, vugs, very porous; interbedded with sandy shell as in 123 to 126 feet.

B 130 = 136 Sandy shell, yellowlah-gray (5 Y 8/1) to light-gray (N 7): quartzose, wvery fine to
madium, angular te subrounded, poorly sorted; 5 to 10 percent heavy minerals, fine to
very fine, rounded to subrounded, mederately sorted; 15 ta 20 percent detrital ecar
bonatas and shell fragments, echinoid plates and spines; about 3 to 5 percent ce-
mented as sandstone with carbonate cement,

4 136 = 140 Sand, wary light gray (N B) to vellowish-gray (5 Y 8/1); quartzose, very fine to
medium, rounded to subangular, moderately sorted: 5 to 10 percent heavy minerals and
phosphates, wvery fine to fine, rounded to subrounded, well sorted; 15 to 20 percent
detrital carbonates and shell fragments,

3 140 = 143 Sand, wvery light gray (N 8); guartzose as above; 5 tao 10 percent heavy minerals and
phosphates as above; 10 to 15 percent detrital carhonates and shell fragments: about
3 to 5 percent sandstone as in 130 ta 133 feet: 5 to 10 percent silt nodules, light-
olive-gray (5 Y B/1).

3 143 - 148 Sand, wery light gray (N 8); quartzose, wery fine to medium, subrounded to suban-
gular; moderately cemented; 5 to 10 percent heavy minerals and phosphates, very fine
to medium, rounded Lo subrounded, moderately sorted; 10 te 15 percent detrital car-
honates and shell fragments; 10 percent silt nodules as above,

4 146 - 150 Silty sand, light-olive-gray (5 Y 6/1) changing to light-olive-gray (5 ¥ 5/2) when
web; guartzose, silt size to medium, rounded to subangular, moderately sorted; 15 to
20 percent heavy minerals and phosphates, vary fine to medium, reunded to subroundead,
moderately sorted; 20 to 25 percent detrital carbonates and shell fragments; sbout &
to 10 percent steaks of olive-green clay.

3 150 - 153 Band with clay streaks, light-ollve-gray (5 Y 6/1): quartzose, =ilt size to medium,
rounded to  subangular, moderately sorted: 15 to 20 percent heavy minerals and phos-—
phates, very fine to fine, rounded to subrounded, well sorted; 5 to 10 percent detri-
tal carbonates and shell fragments: 10 to 15 percent globs of olive-green clay.

7 153 - 160 Clayey sand, light-olive-gray (5 Y 5/2); quartzose, very fine to fine, subreunded to
subangular, well sorted; 35 to 40 percent olive-green silt and clay-size particles;
5 to 10 percenit heavy minerals and phosphates, very fine te fine, rounded to sub-
rounded, well sorted; 1 to 3 percent detrital carbonates.

3 160 - 163 Sandy clay, light-olive-gray (5 Y 5/2); clay and silt-size particles; 35 ta 40 per-
cent quartzose, very fine to fine, aubrounded Lo angular, well sorted; 10 to 15 per-
cent hnavy minerals and phosphates as ahove.

3 163 - 1&8 Sandy clay az abave; 1 to 3 percent shell fragments.
4 166 - 170 Sandy clay, light-olive-gray (5 Y 5/2): clay, =ilt, and micrite; 20 to 25 percent

quartzose, 8ilt size to very fine, subrounded to subengular, well sorted:; 10 to 15
percent heavy mineralas and phosphates, fine to silk, rounded to subrounded, well

sorted.
3 170 - 173 Sandy clay, light-olive-gray (5 Y 5/2),
3 173 - 176 Clay, light-olive-gray (5 Y &§/2): clay and silt-size particles; 15 to 20 percent

quartzase, wvery fine, subrounded te subangular, well sorted; 5 to 10 percent heavy
minerals and phosphates, silt to very fine, rounded to subrounded, well sorted.

4 176 - 180D Clay, light-olive-gray (5 Y 5/2); clay and silt-size particles; 10 to 15 percent
heavy minerals end phosphates as above.
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Well PE-1552

Lat 26°54'43", long 80°15°207
Sec. 16, T. 41 &,, R. 41 E.

Thick- Depth below
ness land surface Dascription
(feat) (feat)

3 0-3 Road £i11.

2 3 -5 Sand, dusky-brown (5 YR 2/2); quartzose, medium Lo very finme, moderately sorted,
subangular to subrounded; sbout 1 percent carbonates; 20 to 25 perpent organic mud,
clay and eilt size.

5 5 - 10 Sand, dark-yellowish-brown (10 YR &4/2); guartzese as above: 20 to 25 percent micritic
mud; about 3 to 5 percent organic fragmenta; 5 te 10 percent detrital carbonates and
shall fragmenta; Chione, Telllina.

14 10 - 24 Sand, dark-yellowish-brown (10 YR 4/2); gquartzose, medlum to very fine, moderately
sorted, subrounded to rounded; about 1 percant heavy minerals, fine to wery fine,
subrounded to rounded; about 1 percent detrital carbenates; about 3 to 10 percent
mud, clay and silt size.

3 24 - 27 Sand, light-allve-gray (5 ¥ 5/2); as above; 1 to 3 percent mud, clay and silt size.

27 - 30 Sand as abhove,

4 30 - 34 Sand, light-gray (N 7) to yellowish-gray (5 ¥ 7/2); guartzose, medium Lo very fine,
moderately sorted, subangular to subrounded; 1 to 3 percent heavy minerals, fine to
very fine, moderately sorted, subangular to rounded; 3 to 5 percent detrital carbon-
ates and shell fragments, Chiome, Cardita, other bivalves.

3 34 - 37 Sand, light-gray (N 7) to vellowish-gray (5 ¥ 8/1); quartzose, madium to very fine,
moderately sortad, angular to subrounded; 1 to 3 percent heavy minerals as abave;
30 Lo 35 percent detritsl carbonates and shell fragments, Chione, Ostrea, Cardita,
Limopsis, Donat, Cerithium, Crepidula, Frunum, Dlivella, Fhilippia, Cﬁlaﬁis.

3 a7 - 40 Sand, light-olive-gray (3 Y 6/1) to vellowish-gray (5 Y 8/1); as above; 3 to 5 per-
cent heavy minerals.

4 40 - 44 Sand; as above; about 1 to 3 percent rock fragments.

3 44 - 47 Sand; as above: 35 to 40 percent dehrital carbonates and shell fragmenta, Busycon.

7 47 - 54 Sand, olive-gray (5 Y 4/1); guartzose, medium Lo very fine, mederately sorted, angu-
lar Lo subroundsd: 5 ke 10 percent heavy minerals and phosphates, fine bo very fine,
modarately sorted, subangular to rounded; 30 to 35 percent detrital varbonates and
shell fragments,

3 54 - 57 Sand, olive-gray {3 Y 4/1); quartzose, fine Lo very fine, well sorted, subangular to
subrounded; 5 to 10 percent heavy minerals and phosphates, fine to very finse, well
sorted, subangular to rounded; 35 to 40 percent detrital carbonates and shell frag-
ments .

3 57 - &0 Sand: as above; lnterbedded with 10 percent limestone and claystons, light-olive-gray
(5 Y 5/2); micribe and clay.

4 60 - B2 Sand, oliva-gray (5 Y 4/1); guartzose, fine Lo very fine, well sorted, angular to
subrounded: 3 to 5 percent heavy minerals and phosphates, finas ta wvery fine, well
sortmd, subangular teo rounded; 35 to 40 percent detrital carbonates and shell frag-
ments.

5] g4 - 70 Sand, light-olive-gray (5 ¥ 5/2); as above,

4 70 - 74 Sand, light-olive-gray (5 Y 6/1); as above; guartzose, medium te very fine, angular
to subrounded,

3 74 - 77 Sand, light-olive-gray (% ¥ 8/1); quartzase, fine to very fine, wall sorted, angular
to subrounded; 5 to 10 percent heavy minerals and phosphates, fine to very fine, well
sorted, subangular to rounded; 1 to 3 percent micrite; 33 to 40 parcent detrital car-
beonates and shell fragments,

3 77 - 80 Sand, olive-gray (5 ¥ #/1);/ detrital carbonates and shell fragments; 25 ta 30 per—
cemt  quartzose, very flne, well sorted, angular to subrounded; 3 to 10 percent heavy
minerals and phosphates, fine to very fine, well sorted, subangular to rounded; about
5 percent micrite.

4 80 - B4 Send, light-olive-gray (5 Y 6/1); az above.

8 B4 - 40 Sand, light-alive-gray (5 Y &/1); quartzose, flne to very fine, well sorted, angular
to subrounded; 5 Lo 10 percent heavy minerals and phosphate as above; 35 to 40 per-
cent detrital carbonates and shell fragments, Terebra.

7 a0 - 87 Sand, olive-gray (5 Y &/1); guartzose, fine to very fine, angular to subrounded, well

sorted: 5 to 10 percent heavy minerals and phosphates, fine ta very fine, moderately
sorted, subrounded to rounded; 35 to 40 percent detrital carbonates and shell frag-
mants
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Thick- Depth balow
ness land surfiace Dascription
(feat) (fest)

3 a7 - 100 Sand, clive-gray (5 Y 4/1) to medium-dark-gray (N 4); guartzose, medium to very fine,
moderately sorted, angular to subrounded; 3 to 5 percent heavy minerals, fine to very
flne, well sorted, subrounded to rounded; 20 to 25 percent detrital carbonates and
phosphates, very coarse Lo very [ine; 20 to 25 percent shells and shell fragments,
Turritella, Chione, echinoid plates, Crucibulum, Tellina, Anadora,

4 100 - 104 Sand, olive-gray (5 Y 4/1); as above; interbedded with about 20 percent fossiliferous
limestone, Light-olive-gray (5 Y 6/1), packed bicsparite, bivalvas; 15 to 20 percent
quartz, medium to very fine, subanpgular to subrounded; poorly cemented; very porous,

3 1ibs - 107 Sand, Llight-olive-gray (5 Y 6/1): guartzose, medium to very fine, moderately sorted,
subangular to subrounded; 5 to 10 percent heavy minerals and phosphates, medium to
very fine, moderately sorbed, subrounded to rounded; 35 to 40 percent detrital car-
bonates and shell fragments; interbedded with about 10 percent limestone, packed
hiosparite; 20 percent guartz, medium to very fine, subangular to subrounded: 3 to
4 percent heavy minerals and phosphates, fine to very fine, subrounded to rounded:
poorly cemented; very porous,

3 167 - 110 Hand, interbedded with abeut 10 percent limestone as above.

110 - 114 Gand,  light-clive-pray (3 Y B/1); quartzose, fine to very fine, well sorted, suban-
gular to subrounded; 5 to 10 percent heavy minerals and phosphates, fine to wvery
fipe, well sorvted, subrounded to rounded; 30 to 35 percent detrital carbonates and
shell fragments; lost clrculatian abk 113 feet.

3 114 - 117 Marxl, yellowleh-gray (5 Y B8/1), clay and micrite; impermeable,

2 1i7 - 120 Zand, Light-ollve-gray (5 Y 6/1); quartzose, medium to very fine, moderately sorted,
angular to  subrounded; 3 to 5 percent heavy minerals and phosphates, fine to wvery
line, wall sorted, subangular to subrounded; 25 to 30 percent detrltal carbonates and
shell  fragments, abundant bivalve fragments; interbedded with about 20 percent marl
an ahove,

L] 120 - 124 Sand, vellowlsh-gray (5 Y B8/1); datrital carbonates and shell fragments, bivalve
fragmenls; 35 Lo 40 percent guartzese, fine to very fine, weall sorted, anpgular ta
subrounded; 3 to 5 percent heavy minerals and phosphates, fine to very fina, well
sorted, subrounded Lo rounded: interbedded with about 10 percent. limestona, packed
binsparite; 10 percent gquartz, fine to very fine, subangular to subrounded; 3 to 5
paercent heavy minerals and phosphales, fine to wvery fine, subrounded bko rounded:
puorly cemented; wery porous, moldic,

3 124 - 127 Sand; as above; guarbzose, madium to very fine, moderately sorted, angular to sub-
rounded; intorbaedded with 20 percent limeatone, light-olive-gray (5 Y 6/1); aandy,
sparse blosparlite; 20 ta 25 percent quartz, medium te very fine, subangular to sub-
rounded; 3 to 5 percent heavy minerals and phosphates, fine to very fine, subrounded
Lo roundsd; poorly cemented; very porous, meldic.

7 127 - 134 Sand, wery light aray (N B) Lo yellowish-gray (5 ¥ 8/1); guartzose, medium to silt
size, moderstely sorked, angular to subrounded; 3 to 5 percent heavy minerals and
phosphales,  Tine to very fine, well sorted, subrounded to roundad; 15 to 20 percent
detrital carbonates and shell fragmente.

B i34 - 14D Sand, wery light pgray (N 8) to yellowish-gray (5 ¥ 8/1); guartzase, fine to vary
fine, well sorted, subangular to subrounded; 1 Lo 3 percent detrital carbonates,
coarse to very fine; 1 to 3 percent heavy minerals and phosphates, fine to very fins,
wall sorted, subrounded to reunded; 5 Lo 10 percent sandstone nodules, micritic ma-
trix; wvery poorly cemented,

4 140 - 144 Sand a5 abeove; guartzose, medium o very fine.

B 144 - 150 Clayey sand, light-elive-gray (5 Y 5/2); gquartzose, fine to very fine, wall sorted,
subangular to subrounded; 3 to 5 percent heavy minerals and phosphates as above; 1 to
3 percent detrital carbonates; 15 Lo 20 percent marl, micritiec, clay and =silt,

[ 150 - 154 Sand as above; 20 to 25 percent clay and silt,

3 154 - 157 Clayey s=and, light-olive-gray (5 ¥ 5/2); quartzoso, fine to very fine, well sorted,
angular to subrounded; 3 Lo 5 percent heavy minerals and phosphates, fine to very
fine, well szorted, subrounded to rounded; 1 to 3 percent detrital carbonates: 25 to
30 pereent clay and silt.

3 157 - 160 Sandy clay, grayish-oliwve (10 Y 4/2); elay and silt; 35 to 40 percent quartzose as
abave; 3 to 5 percent heavy minerals and phosphates as sbove; 1 to 3 parcent datrital
carbonates,

4 160 164 Sandy clay, pale-olive (10 Y 7/2) to light-olive-gray (5 Y 5/2); clay and silt: 3 to
35 percent guartzose asz  above; 3 Lo 10 percent heavy minerals and phosphates as
above; 3 to 5 percent detrital carbonates.

& 164 Sandy clay, light-olive-gray (5 Y 5/2): as shove.
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Well PE=1555

Lat 2B6"4B'43", long 80°12°50"
Sec. 14, T. 42 5., R, 41 E,

Thick-
ness
(feat)

Depth below
land surface

(faet)

Dascription
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Sand, gravish-orange (10 YR 7/4) to yellawish-gray (5 Y 7/2); quartzose, medium to
fine, well sorted, angular to subangular: 1 te 3 percent heavy minerals, medium to
fine, well sarted, subrounded to rounded,

Marl, light-olive-gray (5 ¥ 5/2); micrite, clay and silt size particles; 30 te 35
percent quartzoss, medium to very fine, moderately sorted, amgular to subangular; 20
to 25 percent detrital carbonakes and shell fragments.

Sand, yellowish-gray (5 ¥ 7/2); quartzose, mediun to very fime, moderately sorted,
angular to subrounded; about 20 to 25 percent marl; 1 te 3 percent heavy minerals,
fine to very fine, subangular to rounded; 5 te 10 percent detrital carbonates and
shell fragments.

Sand, vellowish-gray (5 Y 7/2); quartzese as asbove; 3 to 5 percent heavy minerals,
fine to very fine, well sorted, subangular to rounded; 1 bto 3 percent detrital car-
bonates: about 3 to 5 percent mud, clay and silt silze particles.

Sand, vellewish-gray (5 Y 7/2) to light-olive-gray (5 Y 7/2); guartzose as above; 3
ta 5 percent heavy minerals, fine to wvery fine, well sorted, subrounded to rounded;
ahout. 10 percent mud, clay and silt size,

Sand, light-alive-gray (5 Y 5/2); quartzase, fine to very fine, well sorted, angular
to subrounded; 3 to 5 percent heavy minerals as above; about 10 percent mud.

Sand, medium-gray (N 5) to medium-bluish-gray (5 B 5/1); gquartzose, fine to very
fine, well sorted, subangular to subrounded; 5 to 10 percent heavy minerals, medium
to very fine, mederately sorted, subrounded te rounded; 20 to 25 percent detrital
carbanates and shell fragments,

Sand, medium-bluish-gray (5 B 5/1) to olive-gray (5 ¥ 4/1); guartzose as above; 10 to
15 percent heavy minerals and phosphates, medium to very fine, moderately sorted,
subangular to rounded; 20 to 25 percent detrital carbonates and shell fragments;
about 5 percent mud,

Limestone, medium-bluish-gray (5 B 5/1); sandy, sparse biosparite; 10 to 15 paercaent
quartz, fine to very fine, subangular to subrounded; 3 to 5 percent heavy minerals,
fine to very fine, subangular te rounded; very porous, vugs; poorly to moderately
cemented: interbedded with about 40 percent sand, medium-bluish-gray (5 B 5/1) to
light-olive-gray (5 Y &/1); guartzose, medium ba very fine, moderately sorted, an-
gular to subangular; 3 to 5 percent heavy minarals, fine to very fine, well sorted,
subrounded to rounded: 35 to 40 percent detrital carbonates and shell fragments,
abundant bivalve fragments, Olivella, Chione.

Sand, light-gray (N 7) to light-bluish-gray (5 B 7/1); guartzose, medium Lo Vvery
fine, moderately sorted, angular to subangular; 5 to 10 percent heavy minerals, me-
dium to very fine, moderately sorted, subrounded to rounded; 35 to 40 percent debtri-
tal carbonates and shell fragments, abundant bivalve fragments; interbedded with
about 30 pereent limestons as above,

Limestone, medium-light-gray (N 6); sendy, sparse biosparite; 5 to 10 percent guarte,
medium to very fine, sngular to subrounded; 3 to 5 percent heavy minerals, madium  to
very fine, subrounded te rounded; very porous, moldlc, vugs; moderately to well ce-
mented; intaerbedded with about 20 percent zand, light-olive-gray (3 ¥ 6/1); quartz-
ose, medium to very fine, moderately sorted, angular to subangular; 5 to 10 percent
heavy minerals and phosphates, medium ta very fine, subrounded to rounded; 20 ta 25
percent detrital carbenates and shell fragments, Cardita and other blvalves.

Limestane, medium-gray (N 5); sandy, sparse biosparite, bivalvia; 10 ke 15 percent
quartz, medium te very fine, moderately sorted, angular ta subangular; moderately
cemented: moldic, vugs, very porous; intarbedded with about 30 percent sand; detrital
carbonates and shell fragments; 25 to 30 percent guartzose, medium to very fine,
moderately sorted, angular to subangular; 3 te 5 percent heavy minerals and
phosphates, medium to very fine, subangular to rounded.

Limestone, medium-gray (N 5): sandy, sparse biosparite, bivalvia; 10 percent guartz,
medium to very fime, angular to subrounded; 5 to 10 percent heavy minerals and
phosphates, medium to very fine, subangular to rounded; moderately cementsd; moldic,
vugs, very porous; interbedded with about 30 percent sand as above,

Limestone interbedded with sand as abova.

Limestona, mediun-gray (N 5) to light-alive-gray (5 Y 6/1); sandy, sparse biosparite;
10 to 20 percent quartz, medium to very fine, angular to subrounded; 3 te O percent
heavy minerals, medlum to very fine, subrounded to rounded; moderately to well ce-
mented: vugs, very porous; interbedded with 20 percent sand; detrital carbonates,
very coarse Lo very fine, shell fragments; 30 to 35 percent quartzose, medium to very
fine, moderately sorted, angular to subangular; 3 te 5 percent heavy minerals, medium
to very fine, mederately sorted, subangular to rounded,

Appendix

47



Well PB-1555--Cantinuaed

Thick- Depth below

ness land surface Description
(feet) (feet)
3 54 - 57 Limeatone interbedded with sand as above,
3 57 - B0 Sand, light-gray (N 7): quartzose, medium to very fine, moderately eorted, angular to

subrounded; 3 to 5 percent heavy minerals, medium to very fine, moderately sorted,
subrounded to rounded; 30 to 35 percent detrital carbonates and shell fragments; in-
terbedded with about 30 percent limestone, medium-gray (N 5); sandy, sparse bioepar-
ite; 15 to 20 percent quartz, medium to very fine, angular to subrounded; 3 to 5 per-
cent heavy minerals, medium to very fine, subreunded to rounded; moderately cemented;
moldic, vugs, very porous.

4 60 - B4 Sand, light-olive-gray (5 Y 6/1); quartzose, medium to very fine, moderately sorted,
angular to subangular; 5 to 10 percent heavy minerals and phosphates, medium to very
fine, moderately sorted, subrounded te rounded; 35 to 40 percent detrital carbonates
and shell fragments; interbedded with about 40 pereent Llimestone, medium-dark-gray
(N 4); =sandy, sparse biosparite; 15 to 20 percent guartz, medium to very fine, an-
gular to subrounded; 3 to 5 percent heavy minerals, medium to very fine, subrounded
to rounded; moderately cemented; wvugs, very porous.

2 64 - B7 Limestone, medium-light-gray (N 6) to yellowish-gray (5 Y 8/1); sandy, packed bio-
sparite, Chione, Conopeum, Tellina; 5 to 10 percent gquartz, medium to fine, angular
to subangular; 1 to 3 percent heavy minerals, medium to wvery fine, subrounded to
rounded; moderately to well cemented; moldic, wugs, very porous; interbedded with
about 20 percent sand; detrital carbonates and shell fragments; 20 to 25 percent
quartzose, coarse te very fine, poorly sorted, angular to subangular: 3 to 5 percent
heavy minerals and phosphates, medium to very fine, moderately sorted, subrounded to

rounded.
3 87 - 70 Limestone as above: interbedded with 30 percent sand as sbove.
4 70 - 74 Sand, yellowish-gray (5 ¥ 7/2); detrital carbonates and shell fragments, Dliva, Tel-

lina, barnacles, Chione, Cardita; 25 te 30 percent gquartzose, medium to very fine,
moderately sorted, angular ta subangular; 3 to 5 pereent heavy minerals and phos-
phates, medium to very fine, moderately sorted, subrounded to rounded: interbedded
with nabout 40 percent limestone as above,

3 74 - 77 Sand as abave; interbedded with about 10 percent limestone as above; poorly cemented:
Turritella.
3 77 - BO Shell and shell fragments, yellowish-gray (5 Y 7/2); Turritella, Tellina, Qlivella,

Cardita, bryczoans, Chione; 20 to 25 percent detrital carbanates, vary coarse to very
fine; 20 to 25 percent guartzose, medium to very fine, moaderataly sorted, angular to
subangular; 3 to 5 percent heavy minerals and phosphates, medium to very fine, moder-
ately sorted, subrounded to rounded; interbedded with about 20 percent limestone,
medium-light-gray (N 6); sandy, packed biesparite; 20 to 25 percent guartz, medium to
very fine, angular to subangular; 3 to 5 percent heavy minerals and phosphates, me-
dium to very fine, subrounded to rounded; poorly cemented; moldie, vugs, very porous.

4 80 - 84 Shell and shell fragments as abaove; interbedded with limestone as above,
3 84 - 87 Shell and shell fragments, yellowlsh-gray (5 Y 7/2); Terebra, Glycymeria, Turritella,

Diplodonata, Tellina, bryozoans, Cardita, Olivella, Crepidula; Z0 to 25 percent de-
trital carbonates, very coarse to very fine; 20 to 25 percent quartzose, medium to
vary fine, moderately sorted, angular to subrounded: 5 to 10 percent heavy minerals
and phozphates, coarse to very fine, poorly sarted, subrounded to rounded; inter-
bedded with about 10 percent limeatone; sandy, packad biosparite.

3 87 - 90 Shell and shell fragments as abave; Chlamys, Cancellaria, worm shells, Calliostoma,
Chione, limpet; interbedded with about 5 percent limestons; rock fragments,

4 90 - 84 Shell and shell fragments, yellowish-gray (5 Y 8/1); Turritella, Turbonilla, Tellina,
bryozoans, limpets, oysters, abundant bivalve fragments, barnacles; 15 te 20 percent
detrital carbonates, very coarse to very fine; 20 te 25 percent quartzose, medium to
very fine, moderately sorted, engular to subangular; 5 to 10 percent heavy minerals
and phosphates, medium to very fine, moderately sorted, subrounded te rounded; inter-
bedded with about 5 percent coguina.

& 84 - 100 Sand, medium-gray (N 5) to yellowish-gray (5 Y 7/2); detrital carbonates and ghell
fragments; Glycymeris, Chione, Turritella; 30 to 35 percent quartzose, medium ta very
fine, moderately =sorted, angular to subrounded; 5 te 10 percent heavy minerals and
phasphates, medium to very fine, moderately sorted, subangular to rounded; abaut 3
percent rock fragments,

7 100 - 107 Sand, medium-light-gray (N 6) to yellowish-gray (5 Y 8/1); detrital carbonates and
shell fragments; Plicatula, echinoid plates, Limopsis, Anadara, eyster shells, bryo-
zoans, Turritella, limpets; 25 to 30 percent guartzose, medium to very fine, moder-
ately sorted, angular te subangular; 5 to 10 percent heavy minerals and phosphatas,
medium to very fine, moderately sorted, subrounded to rounded; interbedded with about
5 percent limestone; packed biosparite.
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Well PB=1555=~Continued

Thick-
ness
(feat)

Depth below
land surface

Description

3

10

13

10

(feat)
107 - 110
110 117
117 120
120 124
124 127
127 130
130 140
140 144
144 147
147 160
180 166
166 175
175 185
185 180

Shell and shell fragments, yellowish-gray (5 Y 8/1) to light-gray (N 7); abundant
mollusks; 20 te 25 percent detrital carbonates, very coarse ta very fine; 20 to 25
percent quartzose as above; 3 to 5 percent heavy minerals as above.

Sand, medium-gray (N 5) to yellowish=-gray (5 Y 8/1); detrital carbonates and shell
fragments, abundant mollusks; 35 to 40 percent quartzose, medium to very fine, moder-
ately sorted, angular to subangular; 3 te 5 percent heavy minerals and phosphates,
medium to very fine, moderately sorted, subrounded to rounded.

Sand as above; Turritella.

Sand, light-olive-gray (5 Y 6/1) to medium-light-gray (N B6); detrital carhonataes,
coarse to very fine; 15 to 20 percent shell fragments, mollusks; 35 to 40 percent
quartzose as above; 3 to 5 percent heavy minerals and phosphates as above; inter-
bedded with about 5 percent limestonas, light-elive-gray (5 Y 6/1); packed biosparite;
poorly cemented; moldic, wugs, very porous,

Limestone, yellowish-gray (5 Y 7/2); sandy, s&parse blosparite; 15 to Z2Z0 percent
guartzose, medium to very fine, angular to subrounded; 3 to 5 percent heavy minerals,
medium to very fine, subrounded to rounded; well cemented; moldic, wvugs, moderately
to very porous.

Sand, light-gray (N 7) to yellowish-gray (5 Y 8/1); quartzose, medium to wvery fine,
moderately sorted, angular to subangular; 3 te 5 percent heavy minerals and phos-
phates, medium to very fine, subrounded to rounded; 35 ta 40 percent detrital carbon-
ates and shell fragments; bivalvia, barnacles, bryozoans; interbedded with about 10
percent limestone, yellowish-gray (5 Y 7/2): sandy, sparse biosparite; about 10 per-
cent. quarktz, medium to very fine, angular to subrounded:; 3 to 5 percent heavy miner-
als, medium to very fine, subrounded te rounded; moderately cemented; wvugs, moldie,
moderately porous.

Sand, wvery light gray (N 8) to vellowlsh-gray (5 ¥ B/1); quartzose, medium to fine,
moderately sorted, angular to =subrounded; 3 to 5 percent heavy minerals and phos-
phates, mediunm to very fine, moderately sorted, subrounded te rounded; 15 to 20
percent detrital carbonates and shell fragments; 5 to 10 percent streaks of clay and
silt.

Sand, light-olive-gray (5 Y 6/1); quartzose, medium to very fine, moderately sorted,
angular to subrounded:; 1 to 3 percent heavy minerals and pheosphates, medium to very
fine, moderately sorted, subrounded to rounded; 5 ta 10 percent detrital carbonates,
veary coarse to very fine; about 5 percent clay and silt.

Sand, vyellowish-gray (5 Y &/1) to pale-olive (10 Y B/2); guartzose, fine to very
fine, well sarted, angular to subrounded; 1 to 3 percent heavy minerals and phos-
phates, fine to very fine, well sorted, subrounded to rounded; 1 to 3 percent detri-
tal earbonates; about 10 percent clay and s5ilt.

Sand, light-olive-gray (5 Y 5/2); quartzose, fine to very fine, well sorted, angular
to subangular; 1 to 3 percent heavy minerals and phosphates, fine to very fine, well
sorted, subrounded to rounded; 1 to 3 percent detrital carbonates; 5 to 10 percent
clay and silt.

Sand, light-olive-gray (5 Y 5/2); quartzose, fine to very fine, well sorted, angular
to subrounded; 1 to 3 percent heavy minerals and phosphates as above; 1 to 3 percent
heavy minerals and phosphates as above; 1 to 3 percent detrital carbenates; 15 to 20
percent clay and siltc.

Clayey sand, light-olive-gray (5 Y 5/2); quartzose as above; 1 to 3 percent heavy
minerals and phosphates as above; 3 to 5 percent detrital carbonates; 20 to 25 per-
cent clay and silt.

Clayey sand, grayish-alive (10 Y 4/2); guartzose as above; 5 to 10 percent heavy min-
erals and phosphates as above; 3 to 5 percent detrital carbonates; 30 to 35 percent
clay and silt.

Sandy clay, grayish-olive (10 ¥ 4/2); clay and =ilt; 30 to 35 percent quartzose as
abova; 3 to 5 percent heavy minerals and phosphates as above; 3 to 5 percent detrital
carbonates.
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Well PBE-1558

Lat 26°48'34", leng 80°15'34"
See, 14, T, 42 5,, R, 40 E,

Thiek-  Depth helow

Ness land surface Description
{feah) (faak)
4 0 -4 Sand, pale-yellowish-brown (10 YR 6/2); quartzose, medium to wvery fine, maderately

sorted, angular be subangular; 1 te 3 percent heavy minerals, fine to very fine, well
sorted, subangular to rounded; about 3 to 5 percent organic debris,

3 4 - 7 Gandy marl, light-olive-gray (5 Y 5/2); micrite, clay and silt; 30 to 35 percent
quartzose, fine to very fine, well sorted, angular ba subangular; 1 to 3 percent
heavy minerals as above; 5 to 10 percent detrital carbonates and shell fraaments.

3 7 - 10 Sand, light-olive-gray (5 Y 6/1); ¢quartzose, fine to very fine, well sorted, angular
ko  subrounded; 1 to 3 percent heavy minerals as above; 5 to 10 percent detrital car-
bonates and shell fragments; about 10 percent silt and elay,

4 10 = 14 Sand, ywyellowish-gray (5 Y 7/2); quartzose, medium to very fine, moderately sorted,
angular to subrounded; 1 to 3 percent heavy minerals, fine te very fine, well sarted,
subrounded to rounded; 1 to 3 percent detrital carbonates.

3 14 - 17 Sand, light-olive-gray (5 Y 6/1); quartzose as above; 1 to 3 percent heavy minerals
as above; 3 to 5 percent detrital carbonates and shell fragments; about 10 percent
silt and clay.

3 17 - 20 Sand, light-olive-gray (5 Y B6/1); quartzose, medium to very fine, moderately sorted,
angular to subrounded; 5 to 10 percent heavy minerals, medium to very fine, madaer-
ately scrted, subangular te rounded:; 25 to 30 percent detrital carbonates and shell
fragments.

4 20 - 24 Sand, light-olive-gray (5 Y 5/2); guartzose, medium Lo very fine, moderately saorted,
angular te subrounded; 5 te 10 percent heavy minerals, fine to wery £fine, well

sorted, subrounded to rounded; 5 to 10 percent detrital carbonates and shell frag-
ments .

B 24 - 30 Muddy =sand, dark-yellowish-brown (10 YR 4/2); guartzose as above; 1 kLo 3 percent
heavy minerals as above; 3 to 5 percent detrital carbonates; about 25 to 30 percent
organic mud, clay and s5ilt size.

4 30 = 34 Sandy, olive-gray (5 Y 3/2); quartzose, medium to wvery fine, moderately sorted, angu-
lar to subrounded; 3 to 5 percent heavy minerals and phosphates, medium to very fine,
moderately sorted, angular to rounded; 20 to 25 percent detrital carbonates and shell
fragments; about 10 percent crganics.

B 34 = 40 Shelly sandy, light-clive-gray (5 Y 5/2); guartzose as above; 5 to 10 percent heavy
minerals and phosphates as above; 10 to 15 percent detrital carbonates; 20 to 25 per-
cent. shells and shell fragments; Chione, Cardita, Ostrea, Prunum, Busycon, Conus,
Latirus, Iyphis.

4 40 - 44 Sand, olive-gray (5 Y 4/1); quartzose, medium to very fine, moderately sorted, angu-
lar to subrounded; 10 te 15 percent heavy minerals and phosphates, medium to very
fine, well sorted, subangular to rounded; 3 Lo 5 percent debrital carbonates; 3 to
5 peroent mud, clay and silk.

B 44 - 50 Muddy sand, brownlsh-black (5 YR 2/1); guartzose, medium to wvery fine, moderately
sorted, angular to subangular; 20 to 25 percent mud, clay and silt size; 5 to 10
percent. detrital carbhonatas,

4 50 - 54 Sand, olive-gray (5 Y 4/1); quartzcse, medium to wvery fine, moderately sorted, angu-
lar to subangular; 3 to 5 percent heavy minerals and phosphates, medium to very fine,
wall sorted, angular to rounded: 3 teo 5 percent detrital carbonates; 3 to 5 percent
mud, clay and silt.

B 54 - BO Sand, lipght-olive-gray (5 Y 6/1); guartzose, medium to very fine, moderately sorted,
angular to subrounded; 5 to 10 percent heavy minerals and phosphates, medium to wvery
fine, moderately to well sorted; 20 to 25 percent detrital carbonates and shell
fragments.

4 GO - B4 Sand, yellowish-gray (3 Y 8/1); guartzcae, medium te fine, well scrted, angular to
aubangular; 5 to 10 percent heavy minerals and phosphates, medium to very fine, mod-
erately bto well sorted, subrounded to rounded; 15 to 20 percent detrital carbonates
and shell fragments, Chione, Nassarius, Prunum, Cardita,

3 B4 ~ B7 Marly sand, light-olive-gray (5 Y 5/2): gquartzose, fine to very fine, well sorted,
angular to subangular; 5 to 10 percent heavy minerale and phoephates, fine to wvery
fina, well sorted, subrounded te rounded: about 10 percent marl, clay and 5ilt s5ize;
5 to 10 percent detrital carbonates and shell fragments.

10 67 - 77 Marly sand, light-olive-gray (5 Y 6/1) as above; 20 to 25 percent marl, clay and ailt
size.
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Well PB-1558--Continhued

Thick-
ness
(feet)

Depth below
land surface

(feat)

Description

3

10

77

80

B4
a7

a0

100

104

107

110

114

120

127

130

134

80

84

a7
90

104

Marly sand, light-olive-gray (5 Y 5/2); as above; interbedded with about 25 percent
limestone, grayish-black (N 2); foseilifercus micrite; 5 to 10 percent quartzose,
medium to very fine, angular to subrounded; meldie, moderately porous; moderately to
well cementaed.

Sand, light-olive-gray (5 Y 5/2); gquartzose, medium to very fine, well sorted, angu-
lar to subrounded; 5 to 10 percent heavy minerals and phosphates, medium to very
fina, well sorted, subrounded to rounded; 30 to 35 percent detrital carbonates and
shell fragments, Turritella, Cancellaria; about 5 percent marl, silt and clay.

Marly sand, light-olive-gray (5 ¥ 6/1); as above: 10 percent marl, clay and silt,

Sandy shell, light-olive-gray (5 Y 6/1}; shells and shell fragments, Cancellaria,
Glycymeris, Plicatula, Crepidula, Fasciolaria, Qlivella, Chions, other gastropods and
bivalves; 135 Gto 20 percent detrital carbonates, very coarse to very fime; 30 to 35
percent quartzose, fine to very fine, well sorted, angular to subrounded; 5 te 10
percent heavy minerals and phosphates, fine teo very fine, well sorted, subrounded;
5 to 10 percent heavy minerals and phosphates, fine to very fine, well sorted,
subreunded to rounded.

Shells and shell fragments, yellowish-gray (5 ¥ &/1); Chione, Turritella, Terebra,
Conus, Cancellaria, Plicatula, Dlivella, Lunatia, Busycon, Mitra, ceral, barnacles,
Dliva: 20 to 25 percent detrital carbonates; 20 to 25 percent guartzose, medium to
very fine, moderately sorted, angular teo subangular; 5 to 10 percent heavy minerals
and phosphates, fine to very fine, well sorted, subrounded to rounded; partly ce-
mented coquina.

Shells and shell fragments, vellowish-gray (5 Y 7/2); Busvcon, Lunatia, Oliva, 0li-
vella, Cancellaria, Conus, Turritella, Terebra, Balanua, Plicatula, Chione, Glycy-
meris, coral, Lirophora, Arca, asbundant bivalve and gastropod fragments, bryozoans;
20 to 25 percent. detrital carbonates; 10 to 15 percent gquartzose, medium to very
fine, moderately sorted, angular to subangular; 3 to 5 percent heavy minerals, medium
to very fine, moderately sorted, subangular te angular,

Shells and shell fragments as above: echineid plates; 20 te 25 percent guartz as
above; about 3 te 5 percent partly cemented rock fragments.

Sandy shell, yellowish-gray (5 Y 7/2); shells and shell fragments as above, Turri-
tella, echineid plates, and bryozoans; 25 te 30 percent detrital carbonates, very
coarse to very fine: 20 to 25 percent gquartzose as above; 3 to 5 percent heavy miner-
als and phosphatea as above.

Shells and shell fragments, yellowish-gray (5 Y &/1); Turritella, Terebra, Olivella,
Conua, Trachycardium, Chione, Lirophora, Plicatunla, Glycymeris, Anadara, scallops,
Balanus, Lunatia, Oliva, quus, Latirus, coral, bryozoans, abundant bivalve frag-
ments; 20 te 25 percent detrital carbonates; 5 to 10 percent quartzose, medium to
very fine, moderately sorted, angular to subangular; 1 to 3 percent heavy minerals
and phosphates, medium to very fine, moderately sorted, subrounded to rounded.

Sandy shell, light-olive-gray (5 Y 5/2); shells and shell fragments as above, 20 to
25 percent detrital carbonates; 10 to 20 percent guartzose as above; 3 to 5 percent
heavy minerals and phosphates as ahove,

Sandy shell, wvellowish-gray (5 Y 7/2); shells and zhell fragments, Olivella, Conus,
Cancellaria, Chione, Turritella, Busycon, Prumum, <oral, bryozoans, barnaclea,
abundant mollusk fragments; 20 te 25 percent detrital carbonates; 10 to 20 percent
quartzose as above; 3 to 5 percent heavy minerals as above.

Shelly sand, light-olive-gray (5 Y 5/2); guartzose, medium to very fine, moderately
sorted, angular to subangular: 30 to 35 percent shells and shell fragments as above;
20 te 25 percent detrital carbonates, very coarse to very fine; 3 to 5 percent heavy
minerals and phosphates, medium to very fine, mederately sorted, subrounded to
rounded.

Shelly sand, light-olive-gray (5 ¥ 6/1); guartzose, coarse bto very fine, poorly
sorted, angular to subrounded: 30 to 40 percent detrital carbonates and shell frag-
ments; 3 to 5 percent heavy minerals and phosphates, medium ta very fine, moderately
sorted, subrounded to rounded: interbedded with about 10 percent limestonse; sandy,
sparse biosparite; 20 to 30 percent guartzose, medium Lo very fine, angular to sub-
rounded: 3 to 5 percent heavy minerals and phosphates, fine to very fina, subroundaed
to rounded; poorly cemented; wvery porous.

Bhelly sand as above; interbedded with 10 percent limestone as above,
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Well FB-1558--Continued

Thick- Depth below

ness land surface Description
(feet) (feet)
3 137 - 140 Limestone, light-olive-gray (5 ¥ 5/2); sandy, sparse biomicrite, mollusks; 10 to 20

percent guartz, medium to very fine, moderately sorted, angular to subrounded; 5 to
10 percent heavy minerals and phosphates, coarse to very fine, poorly sorted, sub-
rounded to rounded; moldic, vugs, moderately to very porous; moderately cemented;
interbedded with about 30 percent sand, light-gray (N 7) to yellowish-gray (5 Y B8/1):
quartzose, medium to very fine, moderately sorted, angular to subrounded; 3 te 5
percent heavy minerals and phosphates, medium to very fine, moderately sorted, sub-
rounded to rounded; 35 to 40 percent detrital carbonates and shell fragments.

4 140 - 144 Limestone as above; interbedded with about 40 percent sand, light-olive-gray (5 Y
6/1); guarkzese as above; 10 percent heavy minerals and phosphates, wery coarse to
very fine, poorly sorted, subrounded to rounded; 35 to 40 percent detrital carbonates
and shell fragments, echinoid plates, Anadara, Chione, abundant bivalves, Oliva,
bryozoans,

3 144 = 147 Marl, light-olive-gray (5 Y 5/2) to yellowish-gray (5 ¥ 7/2); micrite, clay and silt;
20 to 30 percent quartzose, medium to very fine, moderately sorted, angular to sub-
rounded; 3 to 5 percent heavy minerals and phosphates as above; 10 to 20 percent de-
trital carbonates and shell fragments.

3 147 - 150 Sand, light-alive (5 ¥ 5/2); gquartzose a8 above; 5 to 10 percent heavy minerals and
phosphates as above: about 20 to 30 percent marl; 20 to 30 percent detrital carbon-
ates and shell fragments.

4 150 - 154 Marl, grayish-olive-green (5 GY 3/2); micrite, silt and clay; interbedded with about
40 percent sand, light-gray (N 7} to light-olive-gray (5 Y 6/1); quartzose, medium te
very fine, maderately sorted, angular to subrounded; 10 percent heavy minerals and
phosphates, very coarse to very fine, poorly sorted, subrounded to rounded; 30 to 40
percent detrital carbonates and shell fragments, bryozoans, barnacles, bivalves,
Chione, Flicatula.

3 154 - 157 Marl, grayish-olive-green (5 GY 3/2); micrite, silt and clay; about 10 percemt
quartzase, very fine, well sorted, angular to subangular; 10 percent heavy minerals
and phosphates, fine to wvery fine, well sorted, subrounded to rounded.

3 157 - 160 Marl with sand as in 150 to 154 feat.

4 160 - 164 Marl, grayish-olive-green (5 GY 3/2); silt, clay and micrite; interbedded with about
30 percent sand; gquartzose, medium to very fine, moderately sorted, angular to suban-
gular; 10 perecent heavy minerals and phosphates, very coarse to very fine, poorly
sorted, subrounded to rounded; 30 percent detrital carbonates and shell fragments,

3 164 = 1B7 Marl with sand as above.

13 167 - 180 Marl, grayish-olive (10 Y 4/2); silt, clay and micrite; interbedded with 40 to 50
percent eand, light-olive-gray (5 ¥ B/1); guartz, heavy minerals and phosphates as
above; 30 to 40 percent debrital carbonates and shell fragments, bryoczeoans, Cardita,
barnacles, Olivella, Tellina, Ostrea, Plicatula, Glycymeris, Chione.

5 180 - 185 Marl as above; interbedded with 30 to 40 percent sand and shell as above.

15 185 - 200 Marl as above; interbedded with 30 to 40 percent sand, grayish-olive (10 Y 4/2);
gquartzose, medium to very fine, moderately sorted, angular to subangular; 10 percent
heavy minerals and phosphates, very coarse to very fine, poorly sorted, subrounded to
rounded; 30 to 40 percent detrital carbenates and shell fragments, Flicatula, Glycy-
meris, Turritella, limpets, bryozeoans, coral, barnacles.
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Well PB-1562

Lat 26°4B'56", long 807207377
Sec. 15, T. 42 5., R. 40 E.

Thick-

ness
(feet)

Depth below
land surface

Description

4

(feet)
0 -4

4 7

7 10
10 14
14 17
17 20
20 24
24 27
27 a0
30 34
34 a7
a7 40
40 bh
44 47
47 50
50 54

Sand, dark-yellowish-brown (10 YR 4/2); quartzose, medium to very fine, moderately
sorted, subangular to subrounded; 1 to 3 percent heavy minerals, fine te wvery fine,
well sorted, rounded to subrounded; about 10 percent mud, clay and silt size,

Sandy marl, light-elive-gray (5 Y 5/2); micrite; 25 to 30 percent quartzose, fine to
very fine, well sorted, subangular to subrounded; 1 to 3 percent heavy minerals, fine
to wvery fine, well sorted, rounded to subrounded; 5 to 10 percent detrital carben-
ateg, coaree to very fine; 5 to 10 percent organics.

Sandy marl light-olive-gray (5 Y 6/1) to olive-gray (5 Y 4/1); micrite; 20 to 25 per-
cent quartz as above; 1 to 3 percent heavy minerals as above; 5 to 10 percent detri-
tal carhonates, coarse to very fine; 5 to 10 percent organics; about 10 te 15 percent
shellas at 10 feet, Chione, Glycymeris.

Muddy sand, light-olive-gray (5 Y 6/11); guartzose, fine to very fine, well sorted,
subangular to angular; 1 to 3 percent heavy minerals as above; 5 to 10 percent detri-
tal carbonates and shell fragments; about 25 to 30 percent micrite.

Limestone, very light gray (N 8) to medium-gray (N 6); sandy, sparse biomicrite;
Chione, Turritella, Tersbra, Anadora; calcite-filled pore spaces; 20 to 25 percent
quartzoze, medium to very fine, moderately sorted, subangular to subrounded; 3 to 5
percent heavy minerals, fine to very fine, well sorted, rounded to subrounded; inter-
bedded with about 30 percent marl, micrite; 20 to 25 percent quartzose, medium to
very fine, moderately sorted, subangular te subrounded; 3 to 5 percent heavy miner-
als, fine to very fine, well sorted, rounded to subrounded; about 25 to 30 percent
detrital carbonates and shell fragmente, oysters.

Muddy sand, medium-gray (N 5) to light-olive=-gray (5 Y B6/1); gquartzose, medium to
very fine, moderately sorted, subangular to subrounded; 3 to 5 percent heavy minerals
and phosphates, fine to very fine, well sorted, rounded to subrounded; about 25 te 25
percent micrite; 10 4o 15 percent detrital carbonatee and shell fragments, Chions;
interbedded with about 5 to 20 percent rock fragments.

Sand, light-olive-gray (5 Y 6/1); guartzose, medium to very fine, subangular to sub-
rounded; 5 ta 10 percent heavy minerals, fine to very fine, well sorted rounded to
subrounded; 20 to 25 percent detrital carbonates and shell fragments, Hyalina, Chi-
one, Tellina; about 5 percent micrite.

Sand, dark-yellowish-brown (10 YR 4/2); quartzose, medium te very fine, moderately
sorted, subangular to rounded; 5 ta 10 percent heavy minerals, fine to wvery finse,
well sorted, subrounded to rounded; 5 to 10 percent detrital carbonates; about 10
percent micrite,

Muddy sand, olive-gray (5 Y 4/1); guartzose, fine to very fine, well scrted, suban-
gular to subrounded; 10 to 15 percent heavy minerals, fine to very fine, well sorted,
rounded to subrounded: 1 to 3 percent detrital carbonates; about 10 percent mud, clay
and silt size,

Muddy =sand, olive-gray (5 Y 3/2): quartzose, medium to very fine, moderately sorted,
angular to subrounded; 10 te 15 percent heavy minerals, medium to wvery fine, well
sorted, rounded to subrounded: 3 to 5 percent detrital carbonates; about 15 te 20
percent mud, clay and silt size,

Sand, olive-gray (5 Y 4/1); quartzose, fine to very fine, well sorted, subangular to
subrounded; 10 to 15 percent heavy minerals, fine to very fine, well sorted, rounded
to aubrounded; about 5 to 10 percent mud, clay and silt size,

Sand, olive-gray (5 Y 4/1) to dark-yellowish-brown (10 YR 4/2); quartzose, fine to
very fine, well sorted, subangular to subrounded; 5 to 10 percent heavy minerals,
fine to very fine, well sarted, rounded to subrounded:; 3 to 5 percent detrital carz-
bonates and shell fragments; about 3 percent mud, clay and silt size.

Muddy sand, olive-black (5 Y 2/1); guartzose, medium to very fine, moderately sorted,
subangular to subrounded; 1 to 3 percent heavy minerals as above; 1 te 3 percent
detrital carbonates; 20 to 25 percent organic mud, clay and silt size.

Muddy =zand as above,

Muddy sand, olive-gray (5 Y 4/1); quartzose as above; 3 to 5 percent heavy minerals
as above; 3 to 5 percent detrital earbonates; about 10 percent mud, clay and silt
gize,

Muddy sand, Llight=olive-gray (5 Y 5/2); guartzose, medium to wvery fine, moderately
sorted, subangular to subrounded; 3 to 5 percent heavy minerals, fine to wvery fine,
well sorted, rounded to subrounded; 5 te 10 percent detrital carbonates and shell
fragments: 15 te 20 percent micrite.
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Well PB-1562--Continued

Thick-  Depth below

ness land surface Description
{feet) (feet)
3 54 - 57 Muddy sand, light-olive-gray (5 ¥ 5/2); quartzose as above; 1 ta 3 percent heavy

minerals as above: 10 to 15 percent detrital carbeonates and shell fragments.

3 57 = B0 Muddy sand, alive-gray (5 Y 4/1); gquartzose, medium to very fine, moderately sorted,
angular to subroundaed; 1 to 3 percent heavy minerals as above; 10 te 13 percent
organic mud; 15 to 20 percent detrital carbonates and shell fragments,

4 B0 - B4 Sand, light-olive-gray (5 Y 5/2); gquartzose, fine to very fine, well sorted, angular
to subrounded; 3 to 5 percent heavy minerals, fine to very fine, well sorted, sauban-
gular to rounded:; 5 to 10 percent organic mud, clay and ailt size; 10 to 15 percent
detrital carbenates and shell fragments, Chions, Cardita, warm =shells, Glycymeris;
mangrove rooks,

& 64 - 70 Muddy zand, grayish-olive (10 Y 4/2) to olive-gray (5 Y 4/1); quartzose, fine to very
fine, well sorted, angular to subrounded; 3 to 5 percent heavy minerals, fine to very
fine, well =marted, subangular to rounded; 3 to 5 percent detrital carbonates and
shell fragments; 10 to 15 percent mud, clay and esllt size.

4 70 - 74 Muddy szand, olive-gray (5 Y 4/1) to light-olive-gray (3 Y 3/2); quartzose as above; 3
to 5 percent heavy minerals as above; 5 to 10 percent detrital carbonates and shell
fragments: 10 to 15 percent mud, clay and silt size,

[ 74 - 80 Sand, live-olive-gray (5 Y 5/2); quartzose, fine to very fine, well sorted, angular
to subrounded; 3 to 5 percent heavy minerals, fine to very fine, well sorted, rounded
to subrounded; 10 to 15 percent detrital carbonates and shell fragments; 5 to 10
percent mud, clay and silt size.

4 80 - B84 Shell and shell fragments, light-olive-gray (5 Y 6/1); mollusks, including Turri-
tella; 25 to 30 percent guartzose, medium to very fine, moderately sorted, angular te
subrounded; 3 to 5 percent heavy minerals, fine to very fine, well sorted, rounded te
subrounded; 20 to 25 percent detrital carbonates, coarse to very fine.

3 B4 = 87 Shell and shell fragments, yellowish-gray (5 Y 7/2): abundant mollusks, Turritella,
Anachis, barnacles, bivalvia, bryozeans, Hyalina; 20 te 25 percent guartzose, fine
to very fine, well sarted, angular to subrounded; 3 to 5 percent heavy minerals as
above; 20 to 25 percent detrital carbonates, coaree to very fine.

3 87 - 80 Shell and shell fragments as above; scallops,

4 90 - B4 Shell and shell fragments, vellowish-gray (5 Y 7/2) to light-olive-gray (5 Y B6/1);
Chione, Lirophora, abundant meollusks; 20 to 25 percent quartzose, medium to very
fine, angular to subrounded; 5 to 10 percent heavy minerals, fine to very fine,
rounded to subrounded; 20 ta 25 percent detrital carbonates, coarse to very fine,

3 94 - 87 Shell and shell fragments, light-olive-gray (5 ¥ B/1) to vellowish-gray (3 Y 8/1);
Turritella, Chiens, ecockles, barnacles, abundant small clams; 20 to 25 percent
quartzose, medium ta very [ine, moderately sorted; 5 to 10 percent heavy minerals,
fine to very fine, well sorted, rounded to subrounded; 20 to 25 percent detrital
carbonates, coarae to very fine.

3 97 - 1lgo Shell and shell fragments as above: Oliva.

4 100 - 104 Shell and shell fragments, light-olive-gray (5 Y B/1) to yellowish-gray (5 Y 7/2),
, ©Oliva, Chione, Lucina, barnacles, Hyalina, abundance of small clama; 20
to 25 percent guartzosa, medium to very fine, moderately sorted, angular to sub-
rounded; 5 to 10 percent heavy minerals and phosphatea, well sorted, rounded to
subrounded; 20 to 25 percent detrital carbonates, cecarse to very fine,

3 10& - 107 Shell and shell fragments as above: Conus, bryozoans.
3 107 - 110 Shell and shell fragments as above; Busycon,
4 110 = 114 Shell and shell fragments, yellowish-gray (5 Y 7/2) to light-olive-gray (5 Y /1),

Chione, Turritella, Conus, Olivella, oysters, Plicatula, Irachycardium Anadora,
Earnatlns, bryozoane; 25 to 30 percent gquartzose, medium to very fine, moderately
sorted, angular to subrounded; 5 to 10 percent heavy minerals and phosphates, medium
to very fine, moderately sorted, rounded to subrounded; 20 to 25 percent detrital
carbonate, very coarse to very fine,

3 114 - 117 Shell and shell fragments as above; about 1 te 3 percent coguina.
3 117 = 120 Shell and shell fragments as above; Terebra, Mitrella.
4 120 = 124 Shell and shell fragmente, vellowish-gray (5 Y 7/2) to light-olive-gray (5 Y 6/1);

echincid plate, Turritella, Chione, and othersz az above; 25 to 30 percent quartzose,
medium to very fine, mederately sorted, angular to subrounded; 5 te 10 percent heavy
minerals and phosphates, fine to very fine, well sorted, subangular to rounded; 20 to
25 percent detrital carbenates, very coarse to very fine.
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Well PB-1562--Continued

Thick-
ness
(feat)

Depth below
land surface

(feak)

Description

3

124 - 127

127

130 134
134 137
137 140
140 144
144 147
147 150
150 - 154
154 - 180
160 - 164

Shells and shell fragments, light-olive-gray (5 Y 5/2); Qliva, Chione, abundance of
small clam shells, Turritella, bryozoan; 20 to 25 percent quartzosa, fine to very
fine, well sorted, subangular to gubrounded; 5 to 10 pereent heavy minerals and
phosphates as above; 25 to 20 percent detrital carbenates; 3 to 5 percent silt and
clay-=si=ze particles.

Sand, light-olive-gray (5 ¥ 5/2); detrital carbonates, coarse to very fine: 20 to 25
pereent shells and ehell fragments; 10 to 15 percent quartzose, fine to very fine,
wall sorted, angular te subrounded; 5 te 10 percent heavy minerals and phosphatas,
fine to wvery fine, well sorted, subangular to roundad; 15 to 20 percent clay and
silt-size particles.

Shell and shell fragments, as in 120 to 124 feet, with Turritella, Tersbra, Chione,
schineid plates, and other bivalves; interbedded with about 20 percent limestone
becoming well cemented at 134 feet; medium-gray (N 5) packed biosparite; kivalvia and
sther mollusks; 20 to 25 percent gquartzose, medium to very fine, moderately sorted,
angular to subrounded; 3 ko 5 percent heavy minerals, medium to very fine, moderately
sorted, subrounded to reunded; moderately to well cemented; very porous,

Limestone, light-olive-gray (3 H 5/2) to grayish-olive (10 Y 4/2y; sandy, sparse
bieeparite to biomicrite in places, mollusks; 10 to 15 percent guartzoze, medium to
very fine, subangular to subroundad; 3 to 5 percent heavy minerals, fine to vaery
fine, rounded to subrounded; meoldic, wvags; well cemented; very porous; interbadded
with aboubt 30 percent sand; detrital carbonates, very coarse to very fine; 20 to 25
percent gquartzosze, medium to very fine, moderately sorted, angular to subrounded:; 3
to 5 percent heavy minerals, fine Lo very fine, well sorted, rounded to subrounded;
about 10 percent clay and silt in places.

Sand, Llight-olive-gray (5 Y 6/1) to vellowish-gray (5 ¥ 7/2); yuartzosa, medium to
very fine, mederately sorted, angular to subrounded; 3 to 5 percent heavy minerals,
fine to wvery fine, rounded to subrounded; 25 to 30 percent detrital carbanates and
shell fragments; interbedded with 10 percent limestone as above; interbedded with 10
percent sandatone, yellowish-gray (3 ¥ 8/1): quartzose, medium to very fine, angular
to rounded; 3 to 5 percent heavy minerals, medium to very fine, angular to rounded; 3
ta 10 percent detrital carbonates and phosphates, coarse ta very fine; about 20 per-
cent sparite matrix; 10 to 15 parcent shells and =hell fragments=.

Sand, interbedded with sandstone as above.

Limestone, light-olive-gray (5 ¥ 6/1); sandy, sparse biosparite, mollusks; 25 to 30
percent guartzose, medium to fine, subangular to subreunded, moderately sorted; 5 to
10 percent heavy minerals, fine te very fine, wall sorted, rounded to subrounded;
interbedded with abont 20 percent sand; guartzose, medium to very fine, modarately
sarted, angular he subrounded; 3 to 5 percent heavy minerals, fine to very fine, wsll
sorted, subrounded to rounded; 33 to 40  percent detrital carbonates and shell
fragments.

Limestone, dusky-yellow-green (5 GY 5/2) to light-olive-gray (5 ¥ 5/2); sandy, sparae
biomicrite, mellusks; 5 to 10 percent detrital carbonates; 30 to 35 percent gquarte-
ose, medium to very fine, moderately sorted, subangular to angular; 5 to 10 percent
heavy minerals, fine to very fine, well sorted, subsngular to rounded; maldlic: well
cemenked; very porous; interbedded with 40 to 45 percent sand, light-olive-gray (3 Y
6/1); quartzese, medium to very fine, well sortad, angular to subrounded; 3 te 10
percent heavy minerals fine to very fine, wall sorted, rounded to subrounded; 25 ta
30 percent detrital carbonates and shell fragments,

Sand, light-olive-gray (5 ¥ 6/1) te yellowish-gray (3 ¥ 7/2y; guartzose, fine to very
fine, well sorted, angular to subrounded; 5 to 10 percent heavy minerals and phos-
phates, fine to wvery fine, well sorted, subangular to rounded; 15 te 20 parcent
detrital carbenates, very coarse to very fine; 20 to 25 percent shell and shell
fragments, Colus, Hyalina, abundant bivalves; itnerbedded with about 10 percent
limestone, light-olive-gray (5 ¥ 5/2) to dusky-yellow-green (3 GY 5/2): sandy, sparse
hiomlcrite: 20 to 25 percent quartzose, fine bLe very fine, well sorked, subangular to
subrounded; 3 to 5 percent heavy minerale, fine to very fine, well sorted, rounded ta
gubrounded; 5 Lo 10 percent detrital carbanates, medium to fine.

Sandy clay, grayish-olive (10 Y 4/2); silt and clay; 30 to 35 percent guartzose,
medium to wvery fine, moderately sorted, subangular to subrounded; 3 to 5 percent
heavy minerals and phosphates, medium to very fine, subreunded to rounded; 20 to 25
percent  detrital carhenates and shell fragments; interbedded with about 20 percent
limestone; =andy, sparse biomicrite as above; poorly cemented; moderately ha slightly
POroOUs .

Clayey, shelly sand, yellowish-gray (5 Y 7/2) Lo pale-olive (10 Y &/2); guartzose,
medium La very fine, moderately sorted, subangular to subrounded; 3 to 10 percent
heavy minerals and phosphates, coarse te very fine, poorly sorted, subrounded to
rounded; 10 to 15 percent clay and silt; 20 to 25 percent shells and shell fragments,
Turritella, Tellina,
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Well PB-1562--Continued

Thick-  Depth below

ness land surface Deseription
(fest) (fesatl)
3 164 - 167 Clayey, shelly sand, light-clive-gray (5 Y 5/2) as above; 20 to 25 percent clay and
silt. .
3 167 - 170 Sandy, shaelly clay, grayish-olive (10 ¥ &4/2): clay and silt; 25 to 30 percent quartz-

cse, medium to very fine, subangular to subrounded; 5 to 10 percent heavy minerals
and phosphates, coarse to vary fine, subrounded to rounded; 25 to 30 percent carbon-
ates and shell fragments, Tellina.

4 170 - 174 Shelly clay, grayish-olive-graesn {5 GY 3/2); silt and clay; 10 to 15 percent gquartz-
ose, medium to very fine, subangular to subrounded; 3 to 5 percent heavy minerals and
phosphates, coarse to very fine, subrounded to rounded; 15 to 20 percent detrital
carbonates and shell fragments, Tellina, bryozoans, abundant bivalve pieces.

3 174 - 177 Sandy clay, light-olive=-gray (5 ¥ 6/1) to grayish-olive-green (5 GY 3/2); &eilt and
clay: 30 te 35 percent guartzose as above; 3 to 5 percent haavy minerals and phos-
phates as above; 15 te 20 percent detrital carbonates and shell fragments,

3 177 - 180 Sandy, shelly clay, grayvish-olive-green (5 GY 3/2): silt and clay; 25 to 30 percent
quartzose, medium to very fine, moderately sorted, aubsngular to subrounded; 3 to 5
percent heavy minerals and phoaphates, coarse to very fina, moderately sorted, sub-
rounded to rounded; 20 to 25 percent detrital carbonates and shell fragmants .,

A 180 - 184 Sand, light-olive-gray (5 Y 5/2) to grayish-olive (10 ¥ 4/2); quartzose as above: 3
to 5 percent heavy minerals and phosphates as abave; 20 to 25 percent clay and silt;
20 to 25 pereent detrital carbenates and shell fragments, Tellina, Diplodonta, abun-
dant bivalve shell piecas,

3 184 - 187 Sandy, shelly clay as in 177 to 180 feet,
3 187 - 190 Sandy, shelly clay as in 177 to 180 feet,
5 190 - 145 Sandy clay, grayish-olive (10 Y 472); elay and silt; 25 te 30 percent guartzosae, fine

to very fine, well sorted, subangular to subrounded; 3 to 5 percent heayy minerals
and phosphates, fine to very fine, well sorted, subrounded Lo rounded; 10 ta 15 per-
cent shells and shell fragments, echinaid plates.

5 i85 - 200 Sandy, shelly clay, grayish-olive (10 Y 4/2), as in 177 to 180 feet,

5 200 - 205 Sandy, shelly clay, grayish-olive (10 ¥ 4/2): clay and silt; 25 to 30 percent gquartz-
osa, fine te very fine, well serted, subangular to subrounded; 3 to 5 percent heavy
minerals end phosphates, fine to very fine, well sorted, subrounded to rounded; 20 to
25 percent detrital carbonates and shell fragments,

5 205 - Z10 Sandy, shelly clay as abova.

10 210 - 220 Sandy clay, grayish-elive-green (5 GY 3/2): clay and silt; 10 te 15 percent guartz-
ose, fine to very fine, well sorted, subangular to subrounded; 3 to 5 percent heavy
minerals and phosphates, fine to very fine, waell sorted, subrounded to rounded; 5 to
10 percent shells and shell fragments,

10 220 - 230 Clay, grayish-olive-green (5 GY 3/2); elay and silt; 5 to 10 percent guartzose, very
fine, well sorted, subangular to subrounded: 3 to 5 percent hesvy minerals, very
fine, well sorted, subrounded ta rounded; 5 to 10 parcent shells and shell fragments,

5 230 - 235 Clay as above; 15 to 20 percent shells and shell fragments, Tellina, coral, abundant
bivalve fragments.

10 235 - 245 Sandy clay, grayish-olive-green (5 GY 3/2); silt and clay; 20 to 25 percent gquartz-
cse, fine to very fine, well szorted, subangular to subrounded; 3 to % parcent heavy
minerals and phosphates, coarse to very fine, subrounded to rounded; 15 to 20 percent
shells and shell fragments,

5 245 - 250 Sandy, shelly clay, light-eoliva-gray (5 ¥ 5/2) to graylsh-olive (10 Y 4/2); clay and
511t; 20 to 25 percent quartzose, medium ta very fine, moderately sorted, subangular
to subrounded; 3 to 5 percent heavy minerals, fine to vaery fine, well sorted, sub-
rounded to rounded; 20 te 25 percent detrital carbonates and shell fragments, Turri-
tella, Tellina, Terebra, Cerodrilla, limpets, Anadora.
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Lat 26°45755", lang 80°15"17"
Sec. 4, T. 43 3., R, 41 E.

Thick=
ness
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Dapth below
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{feat)

Description
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Sand, dusky-brown (5 YR 2/2); quartzose, medium te very fine, moderately sorted,
angular te subrounded: 1 to 3 percent carbonates; 20 te 25 percent organic mud  and
debris.

Sand, dark-yellowish-brown (10 YR 4/2); guartzose, fine to very fine, well sorted,
angular to subrounded; aboub 1 percent heavy minerals, fine to very fine, subrounded
to rounded; 1 to 3 percent detrital carbonates; 10 to 20 percent mud, micrite, silt
and clay.

Sand, moderate-yellowish-brown (10 YR 5/4); quartzose, fine to silt, well sorted,
angular to subrounded; ahoub 1 percent heavy minerals, fine to very fine, angular to
rounded |

Sand, moderate-yellowish-brown (10 YR 5/4); gquartzose, fine to very fine, well
sorted, angular to subangular; about 1 percent heavy minerals as above; about 3 to
10 percent mud, s5ilt size,

Sand, pale-yellowizh-brown (10 YR B/2); guartzose, medium to very finme, maderately
sorted, angular to subangular; 1 percent heavy minerals as above; about 10 percent
mud, silt size,

Sand, dark-yellowish-brown (10 YR 4/2); quartzose, medlum to very fine, moderately
gorted, angular to subrounded; about 1 percent heavy minerals, fine to very fina,
subrounded to rounded; about 10 percent mud, silt size.

Sand, olive-gray (5 Y 4/1): quarkLzose as above:; 1 to 3 percent heavy minerals as
above: about 10 to 20 percent mud, silt and clay size.

Marl, olive-gray (5 Y 4/1) to dark-yellowish-brown (10 YR 4/2); silt, clay and mi-
crite; 40 to 50 percent quartzase as above; 3 to 5 percent heavy minarals as above.

Marl, olive-gray (5 Y 4/1) to moderate-yellowish-brown (10 YR 5/4); sailt, clay and
micrite; 30 to 40 percent gquartzose as above; 3 to 5 percent heavy minerals; 5 to 10
percent carbonates, medium to very fine; interbedded with aboul 20 percent limestone;
sandy, sparse inkrasparite to sandy, sparse intramicrite; moderately cemented; imper-
meable.

Sand, light-olive-gray (5 Y 6/1); guartzose, medium te very fine, moderately sorted,
angular to subangular; 3 to 5 percent heavy minerals, medium to fine, well sorted,
gubrounded to rounded; 40 to 50 percent detrital carbanates, coarse bo very fine;
ahout 10 percent limestons nodules; sandy, sparse bilosparite; poorly cemented.

Sand, light-alive-gray {5 Y 6/1) ta yellowish-gray (5 ¥ 7/2}; quartzose, medium to
very fine, angular to subangular: 3 to 5 percent heavy minerals, flne to very fine,
well sorted, subrounded Lo rounded; 40 to 50 percent detrital carbonates and shell
fragments, Arca, Chione, Anadara, Turritella, abundant mollusks.

Sand, light-olive-gray (5 Y 5/2); as above: Arca, Chione, Cerithiopsis, Ficus, Murex.

Sand, light-clive-gray (% ¥ 5/2); detrital carbenates and shell fragments, Chione,
Cardita, Terebra, Cancellaria, Trigonostoma; 30 to 40 percent quartzose, medium te
very fine, moderately sorted, angular to subangular; 3 to 5 percent heavy minerals,
fine to very fine, well sorted, subangular to pounded; aboub 3 percent micrite.

Sandy shell, light-olive-gray (5 Y 5/2); Oliva, Teraebra, Olivella, Cylichna, Cancel-
larla, Murex, worm shells, Anadara, Pecten, Diunricella, Echinochama, Ventricolaria,
Lucina, Chione, Cardita, limpet; 20 to 30 percent detrital carbonates, coarse ta
fine; 20 Lo 30 percent guartzose, medium to very fine, moderately sorted, angular to
gsubangular: 5 to 10 percent heavy minerals, medium to very fine, moderately sorted,
subrounded to rounded; about 10 percent limestone; sandy, sparse biosparlte; poorly
cementad,

Sandy shell, light-oclive-gray (5 Y 8/1); as above.

Sand, light-olive-gray {5 Y 6/1) ta yellewish-gray (5 Y 7/2); quartzose, coarse to
very fine, poorly serted, angular to subrounded; 3 to 5 percent heavy minerals, loose
to very fine, poorly sarted, subrounded te rounded; about 40 percent detrital carbon-
ates and shell fragments as above.

Sand, light-olive-gray (5 Y 5/2); guartzose, medium to very fine, moderately sorted,
enpular to subangular; 3 to 5 percent heavy minerals and phosphates, medium to very
fine, moderately sorted, subrounded to rounded; 30 to 40 percent detrital carbonates
and shell fragmenbts,
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Well PB-1564--Continued

Thick= Depth below

ness land surface Description
{fent) (feet)
7 77 - B4 Sandy =shell, yellowish-gray (5 Y 7/2): detrital carbonates and shell fragments as

above; 30 to 40 percent quartzose, coarsa to very fine, peerly sorted, angular to
subrounded; 3 to 5 percent heavy minerals and phosphates, coarse to very fine, poorly
gorted, subrounded to rounded; about 10 percent limestone rock fragments, medium-
bluish-gray (5 B 5/1); sandy, sparse intrasparite; poorly cemented,

B 84 = 90 Sandy shell, yellowlsh-gray (5 Y 7/2) to Light-alive-gray (5 Y 5/2); as abovae.
7 a0 - g7 Sandy =shell, yellowish-gray (5 Y &/1); Turritella, Chione, Lirophora, Murex, Ostrea,

Prunum, Pecten, Glycymeris, Olivella, barnacles, abundant bivalve fragments; 20 to 25
percent. detrital carbonates; about 30 percent guartzose, coarse to very fine, poorly
sorted, angular to subangular; 3 to 5 percent heavy minerals and phosphates, medium
Lo wvery fine, moderately sorted, subrounded to rounded; about 10 to 20 percent lime-
stone rock fragments, medium-bluiszh-gray (5 B 5/1) to light-olive-gray (5 ¥ &/1);
sandy, sparse biosparite.

3 87 - 100 Sand, yellowish-gray (5 Y 7/2) to olive-gray (5 Y 4/1); detrital carbonates, vary
coarse to very fine; 20 to 25 percent shells and shell fragments: about 30 percant
quartzase, medium to very fine, moderately sorted, angular to subangular; 3 to 5
percent heavy minerals and phosphates as above; about 10 to 20 percent limestone rock
fragments as abave,

4 100 - 104 Sand, vyellowish-gray (5 Y 8/1); detrital carbonates and shell fragments, bryozaans,
Cardita, worm shells, Olivella, Tersbra, Conus, barnacles, Glycymeris; 20 +tao 30
percent quartzose as above; 3 to 5 percent heavy minerals as above; 10 to 20 percent
limestone rock fragments, medium-bluish-gray (5 B 5/1).

3 144 - 107 Sand, light-olive-gray (5 Y B/1); detrital carbonates and shell fragments as above;
30 percent quartzose as above; 3 to 5 percent heavy minerals and phosphates, medium
to vary fine, moderately sarted, subrounded to rounded.

3 107 - 110 Sand, yellowlsh-gray (5 Y B/1) to davk-gray (N 3): detrital ecarbonates and ahell
fragments; Turritella; 20 to 30 percent quartzose as above; 5 to 10 percent heawvy
minerals and phosphates, coarse to very fine, poorly sorted, subrounded to rounded.

4 110 - 114 Sand, yellowish-gray (5 Y 8/1) to medium-dark-gray (N 4); dekrital carbonates, very
coarse te very fine; 20 teo 30 percent shells and shell fragments, Murex, Architecton-
ica, Turritella, Chicme, Ostrea, barnacles, Glycymeris, scallops, Anadara, bryozoans,
echinoid plates; about 20 percenl quartzose, medium to very fine, moderately =orted,
angular to subangular; 3 to 5 percent heavy minerals and phosphates, medium to very
fine, moderately sorted, subrounded to rounded; about 5 percent limestone; sandy,
sparse biosparite; poorly cemented; moldic, moderately porous,

3 114 - 117 Sand as above; 20 to 30 percent gquartzose.

3 117 = 120 Sand, light-olive-gray (5 Y 6/1): detrital carbonates and shell fragments, echinolid
platas; 30 to 40 percent guartzose, medium te very fine, moderately sorted, angular
to subangular; 5 to 10 percent Leavy minerals and phosphates, medium to very fine,
moderately sorted, subangular te rounded; about 5 percent limestone nodules; sandy,
sparse bicsparite; poorly cemented; moderalely porous.

10 120 - 130 Sand, light-gray (N 7); guartzose, medium to very fine, moderately sorted, angular to
gubangular; about 20 percent detrital carbonates and shell fragmenta; 3 to 5 percent
heavy minerale and phosphates, coarse te very fine, poorly sorted, subangular to
rounded; about 10 percent streaks of micrite and silt.

4 130 - 134 Sand, light-olive-gray (5 Y 6/1); guartzose, medium to very fina, moderately to well
gorted, angular to subroundsd; 10 to 20 percent detrital carbonates; 3 t 5 percent
heavy minerals and phosphates, medium ta very fine, subangular to rounded; about 10
percent micrita and silt; interbedded with about 10 percent sandstone nodules, light-
olive-gray (5 Y 5/2}; guartzese, fine to very fine, subangular to rounded; 3 ta 5
percent heavy minerals and phosphates as abave, micritic matrix; poorly cemented,

3 134 - 137 Sand, light-olive-gray (5 ¥ 5/2) to yellowlsh-gray (5 Y 7/2): quartzose as above: 3
Lo 5 percent heavy minerals and phosphates as above: about 10 percent detrital car-
bonates; about 20 percent micrite and silt,

3 137 = 140 Sand, light-olive-gray (5 Y 6/1): as abaove.

10 140 = 150 Sand, light-olive-gray (5 Y 6/1): guartzose, medium to vary fine, maderately sorted,
angular to subrounded; 2 to 5 percent heavy minerals and phosphates as above; 10
percent. detrital carbonates and shell fragments; aboub 20 percent micrite and silt:
interbedded with about 10 to 20 percent limestone, light-olive-gray (5 ¥ 5/2) to
medium-light-gray (N B8); sandy intramicrite; quartzose, medium to very fine, moder-
ately sorted, angular to subrounded; 3 te 5 percent heavy minerals and phosphates,
medium to very fine, moderately sorted, subroundad to rounded; poorly cemented; wvugs,
pooxrly to moderately porous.

58 Hydrogeology and Migration of Septic-Tank Efffuent in the Surficial Aquifer System in the Northern Midlands Area,Palm Beach County, Florida



Well FB-1564--Continued

Thiek-
ness
(feat)

Depth below
land surface

(feat)

Description

4

150

154
157

160

167

170

174

177

180

1a7

185 -

200

205
210

214

154

170

187

195
200

205

210
214

220

Sand, light-gray (N 7) to light-olive-gray (5 Y 6/1); quartzose, medium to very fine,
moderately sorted, angular to subangular; 3 to 5 percent heavy minerals and phos-
phates, coarse to very fine, poorly sorted, subangular to rounded; about 20 percent
detrital carbonates and shell fragments; about 20 percent micrite, silt and clay,

Sand, light-olive-gray (5 Y 5/2): as above; 20 to 30 percent micrite, ailt and clay.

Lime mud, light-olive-gray (5 ¥ 5/2); micrite, clay and silt; 30 toa 40 percent
quartzose, medium to wvery fine, moderately sorted, angular to subrounded; 10 to Z0
percent detrital carbonates; 3 to 5 percent heavy minerals and phosphates, fine teo
very fine, well sorted, subrounded to rounded.

Sand, medium-light-gray (N 6) ta light-olive-gray (5 ¥ 6/1); quartzose, coarse Lo
very fine, poorly sorted, subangular to subrounded; 3 to 5 percent heavy minerals and
phosphates, medium to very fine, moderately sorted, subrounded to rounded; about 230
percent detrital carbonates and shell fragments; about 10 percent micrite and silt;
interbedded with about 10 to 20 percent limestone; sandy biomicrite; 30 to 40 percent
guartzose as above; 3 to 5 percent heavy minerals and phosphates as asbove; poorly to
moderately cemented; poorly to moderately porous,

Marl, pgrayish-olive (10 ¥ 4/2); micrite, silt and clay; about 30 percent guartzoze,
fine to very fine, wall sorted, angular to subangular; about 20 percent heavy miner-—
als, fine to very fine, well sorted, subrounded to rounded; about 5 percent detrital
carbonates.

Sand, Llight-clive-gray (5 ¥ 5/2): guartzose, medium Lo very fine, moderately sorted,
angular to subrounded; 5 to 10 percent heavy minerals and phosphates, fine to very
fine, well sorted, subrounded to rounded; about 20 percent detrital carbonates and
shell fragments; about 20 to 30 percent marl, mierite, silt and clay.

Marl, grayish-elive-greem (5 GY 3/2); micrite, =silt and clay:; about 30 percent
guartzose, fine to very fine, well sorted, angular Lo subrounded; 5 to 10 percent
heavy minerals and phosphates, fine to very fine, well sorted, subrounded to rounded;
3 to 5 percent detrital carbonates.

Marl, grayish-olive (10 ¥ &4/2); same as above,

Marl, grayish-olive (10 Y 4/2); micrite, silt and clay; abouk 30 percent quartzoze,
madium te very fine, moderately sorted, angular to subrounded; 5 to 10 percent heavy
minerals and phosphates, fine to very fine, well sorted, subrounded to rounded: about
10 percent detrital carbonates and shell fragments,

Marl, same as above; about 40 percent quartzose.

Marl, grayish-olive (10 Y 4/2); mierite, =ilt and clay; abcut 30 percent gquartzose,
fine to very fine, well sorted, angular to subangular; 5 to 10 percent heavy minerals
and phosphates, fine to very fine, well sorted, subrounded te roundad.

Marl as above; about 10 percent detrital carbonates and shell fragments, barnacles,
oysters, Tellina, other bivalves.

Marl as in 195 teo 200 feet,

Marl, grayish-olive (10 Y 4/2) to light-olive=-gray (5 Y 6/1); micrite, silt and clay;
30 to 40 percenk guartzose as above; 5 to 10 percent heavy minerals as above; 5 to 10
percent detrital carbonates and shell fragments as abave,

Marl, grayish-olive (10 ¥ 4/2); micrite, silt and clay; about 30 percent guartzose,
fine to very fine, well sorted, angular to subangular; 5 to 10 percent heavy minerals
and phosphates, fine to very fine, well sorted, subrounded to rounded.
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Wall FR-1567

Lat 2B°41'01", long B0°16'30"
Sec. 32, T. 43 3., R. 41 E.

Thick-  Depth below

ness land surface Description
(feet) (feet)
4 D -4 Sand, dark-yellowish-brown (10 YR 4/2); gquartzose, medium te very fine, moderately

sorted, angular to subrounded; sbout 1 percent heavy minerals, fine to wery fine,
subrounded to rounded; 30 to &40 percent marl; micrite, silt and clay.

3 4 - 7 Marl, dark-yellowlsh-brown (10 YR 4/2); micrite, silt and clay; about 40 percent
guartzose, medium te very fine, moderately sorted, angular te subrounded; about 1
percent heavy minerals as above; interbedded with about 20 percent limestons,
yallowish-gray (5 Y 7/2); sandy, packed intramicrite; 30 to 40 percent dquartzase,
medium te very fine, angular to subrounded; moderately cemented; semiconfining.

3 7 =10 Sand, dark-yellowish-brown (10 YR 4/2): gquarteose, medium te very fine, moderately
sorted, angular to subangular; about 1 percent heavy minerals as above; 5 +to 10
percent detrital carbonates; about 30 to 40 percent marl; interbedded with about 20
percent limestone as abave.

L3 10 - 14 Sandstone, light-olive-gray (3 Y 6/1) to yellowish-gray (5 Y 7/2): guartzose, coarse
to very fine, poorly sorted, angular te subrounded; sbout 1 percent heavy minerals,
fine to very fine, subangular te rounded; about 40 percent micritic matrix; moder-
ately to well cemented; semiconfining; interbedded with about 40 percent sand and
ahell, Chione, Crepidula, Glycymeris, Cardita, Prunhum, Terebra, Turritella; about 20
percent marl,

1 14 - 15 Limestane, yellawish-gray (5 Y 7/2); sandy intramicrite; 30 to 40 percenlk guartzose,
coarse to very fine, poorly sorted, angular to subrounded; 1 percent heavy minerals,
fine to very fine, angular to rounded; well cemented; semiconfining.

2 15 - 17 Sand, light-alive-gray (5 Y 6/1); guartzose, cparse to wvery fine, poorly asorted,
angular ta subrounded; 3 to 5 percent heavy minerals, fine to very fine, well sorted,
subrounded to rounded; 30 percent shells and shell fragments as in 10 to 14 feet,

7 17 - Z2& Band, dusky-yellow (5 Y 6&6/4) to light-elive-gray (5 Y 6/1); guartzose, coarse to
fine, moderately sorted, angular to subkangular; 3 te 5 percent heavy minerals, medium
to filne, well sorted, angular to rounded; 10 to 20 percent detrital carbonates and
shell fragments, Chione, Olivella, Prunum, coral.

3 24 - 27 Sand, light-olive-gray (5 ¥ 6/1); guartzose, medium to fine, well scorted, angular to
gubangular; 5 to 10 percent heavy minerals, medium to fine, well =sorted, aubrounded
to rounded; about 10 percent detrital carbonates and shell fragments,

3 27 - 30 Sand as above; about 20 to 30 percent detrital carbonates and shell fragments; Apa-
dara, Lirophora, Chione, Prunum, coral, Lucina; interbedded with about 30 to 40
percent calcareous gquartz sandstone; gquartzose, medium te fine, well sorted, angular
to subrounded; 20 to 30 percent shells and shell fragments, micritic matrix; 3 to 5
percent heavy minerals, fine to very fine, subangular to rounded; moderately ce-—
mented; semiparous, vugs,

4 30 - 34 Sand, yellowish-gray (5 Y &/1); guartzose, cparse to fine, moderately sorted, angular
to subangular; 5 percent heavy minerals, fine to very fine, well sorted, subrounded
to rounded; 20 percent detrital carbonates and shell fragments; about 5 to 10 percent
sandstone as above; loosely cemented.

3 34 - 37 Sand as abovae; about 20 to 30 percent detrital carbenates and shell fragments; inter-
badded with about 5 to 10 percent limestone; sandy, sparse biosparite; wvery lcosely
cemented; moderately to wery porous.

3 37 - 40 Sand, wyellowish-gray (5 Y 7/2); guartzose, coarse to very fine, poorly sorted, angu-
lar to subrounded; 5 to 10 percent heavy minerals and phesphates, fine to very fine,
wall sorted, subrounded to rounded; about 30 percent detrital carbonates and shells.

4 40 - 44 Sand, yellowish-gray (5 Y &/1) to light-olive-gray (5 Y 6/1); as above.

3 44 - 47 Sand, light-olive-gray (5 Y 5/1): quartzose, medium to s5ilt size, moderately seorted,
angular to subrounded; 5 to 10 percent heavy minerals, medium tao wvery fine, moder-
ately sorted, subrounded to rounded; 30 to 40 percent detrital carbonates and shell
fragments.

3 47 - 50 Limestone, dark-gray (N 3); fossiliferous micrite, worm shells, gastropods, bivalves;
interbedded with about 40 percent sand, yellowish-gray (5 Y 7/2); quartzose, medium
to s5ilt size, moderately sorted, angular to subangular; 3 to 5 percent heavy minerals
and phosphates, medium to very fine, moderately sorted, subrounded to rounded; 20 to
gO percent detrital carbonatez and shell fragments, Chione, Prunum, Busycon, Strom-
s .
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Shells and shell fragments, yellowish-gray (5 Y 7/2) to light-elive-gray (5 Y &/1);
Strombus, Chiona, ABgHiEBCtEn, Cardita, Epitonium, Planorbis, abundant molluszk; 10 ta
20 percent detrital carbonates, very coarse to medium; 30 percent quartzose, coarse
to silt size, poorly sorted, angular to subrounded; 5 to 10 percent heavy minerals,
medium to very fine, moderately sorted, subrounded to rounded: interbedded with about
30 te 40 percent limestone az abova,

Shells and shell fragments as above; interbedded with about 20 te 30 percent lime-
stone, (5 Y 6/1); sandy, sparse biomicrite: 30 percent guartz, medium ko very fine,
angular to subrounded; 5 to 10 percent heavy minerals, fine to very fine, subrounded
te rounded; poorly cemented; poorly porous.

Limestone, medium-dark-gray (N 4) to yellowish-gray (5 ¥ 7/2); sandy, fossilifeorus
micrite; 5 to 10 percent guartz, coarse to fine, angular to subrounded; moderately to
well cemented; poorly porous; interbedded with about 30 percent szand, yellawish-gray
(5 ¥ 7/2) ta light-olive-gray (5 Y 7/2); qguartzose, coarse to very fine, poorly
sorted, angular to subrounded; 3 te 5 percent heavy minerals, medium to very fine,
moderately sorted, subrounded to rounded; 5 to 10 percent micrita; 30 to 40 parcent
detrital carbonates and shell fragments, Chions, Glycymeris, Prunum, Turritella,

Sand, yellowish-gray (5 Y 8/1) ta medium-gray (N 5); quartzose, coarse to fine, mod-
erately sorted, angular to subrounded; 30 te 40 percent detrital carbonates and shell
fragments as above; interbedded with about 30 percent limestone as in 57 to B0 feet.

Sandy shell, light-olive-gray (5 Y 5/2); Turritella, Chione, barnacles, abundant
bivalves; 0 to 20 perecent detrital carbonates, very coarse to very fine: 20 to 30
percent guartzose as above; 5 to 10 percent heavy minerals, medium to very fine,
moderately sorted, subrounded to rounded.

Sand, yellowish-gray (5 Y 7/2); guartzese, medium to fine, well sorted, angular to
subrounded; 5 to 10 percent heavy minerals, medium to fine, well sorted, subrounded
to rounded; 30 percent detrital carbonates and shell fragments, echinoid plates.

Sand as above; Chione, Conus, Prunum, barnacles,

Sand az above; 30 to 40 percent detrital carbonates and shell fragments, Busyeon,
Cance ia.

Sandy shell, yellowish=gray (5 Y 7/2) to medium-dark-gray (N 4); detrital carbonates
and shells, Conus, Turritella, Chione, Busycon, abundant mollusks; 30 to 40 percent
quartzeose, coarse to fine, moderately sorted, angular to subangular; 5 to 10 percent
heavy minerals, medium to fine, well sorted, subrounded to rounded; interbedded with
about 10 to 20 percent limestonwe, medium-dark-gray (N 4): sandy, sparse bicsparite:
about 30 percent gquartz, medium to very fine, angular to asubrounded; 5 pereent heavy
minerals, medium to fine, subrounded to rounded; poorly cemented; moderately porous.

Sandy shell as above; echinoid plates.

Sand, light-olive-gray (5 Y 6/1); quartzose, coarse to fine, moderately sorted, angu-
lar to subangular; 5 to 10 percent heavy minerals, coarse to fine, moderately sorted,
subrounded to rounded; 30 to 40 percent detrital carbonates and shell fragments.

Sandy shell, vellowish-gray (5 Y 7/2) te light-olive-gray (5 ¥ 6/1); detrital car-
bonates and shell fragments, Busycon, Cancellaria, scallops, Olivella, abundant
bivalvia, Crepidula; 30 to 40 percent guartzose, coarse to fine as sbove; 5 to 10
percent heavy minerals, coarse to fine as above; interbedded with about 10 percent
limestone, medium-light-gray (N 6); sandy, sparse biomicrite; about 10 percent
quartz, cecarse to fine; 3 to 5 percent heavy minerals, medium to fine; moderately
cemented.

Sandy shell as above; Turritella, Architectonica.

Sandy shell, vyellowlsh-gray (5 Y 7/2); detrital carbonates and shell fragments,
Oliva, Cancellaria, Terebra, Chione, Solen, Chlamys, worm shells, Turritella, barna-
cles, abundant bivalvia; 30 to 40 percent quartzose, medium to very fine, moderately
sorted, angular to subrounded; 5 to 10 percent heavy minerals, coarse to wvery fina,
poorly sarted, subangular to rounded; about 10 percent calcarecus cancretions,

Sandy shell, yellowish=gray (5 Y 8/1); detrital carbonates and shell fragments; 20 to
30 percent guartzose as above; 3 to 5 percent heavy minerals as abova.

Sandy shell as in 100 to 104 feet.
Sandy shell, yellowish-gray (5 Y 7/2); detrital carbonates and shell fragments; abun-
dant bivalves, Turritella, bryozeans; 30 te 40 percent gquartzose, coarsa Lo vary

fine, poorly sorted, angular to subangular: 5 to 10 percent heavy minerals, medium to
very fine, subrounded tc rounded.
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Thick- Depth below

ness land surface Description
{foat) {feat)
3 114 - 117 Sandy shell as above: with calcarsous cancretions.
3 117 - 120 Sand, Llight-alive-gray (5 Y 6/1); quartzose as sbove; 3 to 5 percent heavy minerals

ag sbove: 30 to 40 percent detrital carbonates and shell fragments.

7 120 - 127 Sand, light-olive-gray (5 Y 6/1); quartzose, medium to very fine, moderately sorted,
angular to subrounded; 5 to 10 percent heavy minerals, medium teo very fine,
subrounded to reounded; 30 to 40 percent detrital carbonates and shell fragments;
about 5 percent calcareous concretions.

3 127 - 130 Sand, light-olive-gray (5 ¥ 6/1); quartzese, medium to very fine, moderately sorted,
angular to subrounded; 5 te 10 percent heavy minerals, fine to very fins, well
sorted, subrounded to rounded; 30 to 40 percent detrital carbonates and shell frag-
ments.

4 130 = 134 Sandy shell, vellowish-gray (5 Y 5/1) te medium-gray (N 5); detrital carbonates and
shell fragments, Jurritella, barnacles, bryozoans, zcalleps, abundant bivalvia; 230 to
40 percent guartzose, coarse to very fine, peerly sorted, angular to subrounded; 5 to
10 percent heavy minerals, fine tao very fine, well sorted, subrounded to rounded,

3 134 - 137 Sand, light-olive-gray (5 ¥ 5/2); quartzose, fine te very fine, well sorted, angular
ke subrounded: 5 to 10 percent heavy minerals, fine to very fine, well sorted, sub-
rounded to rounded: 30 to 40 percent detrital carbonates (medium to very fine) and
shell fragments,

3 137 = 140 Sand, light-olive-gray (5 Y 6/1); guartzase, medium to very fine, moderately sorted,
angular to subrounded; 5 to 10 percent heavy minerals, medium to wvery fine, sub-
rounded to rounded; 30 te 40 percent detrital carbenates and shell fragments; 5 to
10 percent micrite, silt and clay

4 140 - 144 Sand, vellowish-gray (5 ¥ 8/1); guartzose, coarse to medium, well sorted, subangular
to subrounded; 3 to 5 percent heavy minerals, coarse te very fine, poorly sorted,
subrounded to rounded: 10 to 20 percent detrital carbonatas and shell fragments, bry-
ozoans, Busycon, scallaps, and other bivalves; interbedded with 10 percent sandstone;
quartz, coarse to medium, subangular te subrounded; 3 to 5 percent heavy minerals: 10
to 20 percent detrital carbonates and shell fragments, sparite matrix.

3 144 - 147 Sandstone, vellewish-gray (5 Y B8/1); grading intce limestone in places; guartz, coarse
to medium, well sorted, angular to subrounded; 3 to 5 percent heavy minerala, coarse
to fine, moderately sorted, subrounded to rounded; 20 to 30 percent detrital carbon-
ates and shell fragments, sparite matrix.

3 147 = 150 Sand as in 140 to 144 feet; with 1D percent sandstone.

4 150 - 154 Sand, yellowish-gray (5 Y 8/1); guartzose, coarse to medium, well sorted, angular ta
subrounded: aboul 5 percent heavy minerals, coarse to fine, moderately sarted, sub-
rounded to rounded; 35 Lo 40 percent detrital carbonates and shell fragments; about
10 percent loesely consolidated sand,

3 154 - 157 Sand as abave; about 20 percent limesteone, yellowish-gray (5 Y &/1); sandy, sparse
biosparite; about &0 percent gquartz as above; about 5 percent heavy minerals as
above; about 5 percent heavy minerals as above; mederately cemented; moderately
porous,

3 157 - 160 Sand, yellowish-gray (5 Y 8/1); guartzose, coarse to medium, subangular to rounded,
wall sorted; 5 to 10 percent heavy minerals, coarse to medium, well sorted, sub-
rounded to reunded; 25 to 30 percent detrital carbonates and shell fragments.

4 180 - 164 Sand, vellowish-gray (5 ¥ 8/1); quartzose as above; 5 to 10 percent heavy minerals as
above: 30 to 40 percent detrital cerbonates and shell <fragments; about 20 percent
laosely consolidated sandstone.

3 164 = 167 Sand asz in 157 to 160 feet.

3 167 - 170 Sand, vyellowish-gray (5 Y &/1); guartzose, coarse ko very finme, poorly sorted, angu-
lar to subrounded; 5 to 10 percent heavy minerals and phosphates, coarse ta fine,
subangular to vrounded; moderately sorted; 20 to 30 percent detrital carbonates and
shell fragments; about 10 percent micrite and =silt, light-olive-gray (5 Y 35/2);
interbedded with about 20 te 30 percent limestons, yellowish-gray (5 Y 7/2); sandy,
packed biosparite, bivalvia; 30 percent quartz, medium te very fine, angular to sub-
angular; 5 te 10 percent heavy minerals, medium to very fina, angular to subrounded;
very porous; moderately cemented.

4 170 - 174 Sand, light-olive-gray (5 ¥ 5/2); guartzose, medium to very fine, moderately sorted,
angular to subrounded; 10 percent heavy minerals, medium to very fine, subangular to
rounded: about 30 percent detrital carbonates and shell fragments; about 10 to 20
percent silt and micrite.
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Thick-  Depth below
ness land surface Description
{feet) (feet)

3 174 - 177 Sand, light-olive-gray (5 ¥ 5/2); quartzose, medium to very fine, moderately sorted,
angular to subrounded; 5 to 10 percent heavy minerals, medium to very fine, subangu-
lar to reounded; 20 to 30 percent detrital carbonates and shell fragments: 20 percent
silt and micrite.

3 177 - 180 Band, light-olive-gray (5 Y 5/2) to pale=olive (10 Y B/Z); gquartzose, fine to vary
fine, well sorted, angular to subrounded; 5 toc 10 percent heavy minerals, fine to
very fine, well sorted, angular to rounded; about 5 percent shell fragments; 20 to 30
percent silt and micrite,

4 180 - 184 Sand, light-olive-gray (5 Y 6/1); guartzose as above; 5 to 10 percent heavy minerals
as above; 10 to 20 percent detrital carbonates and shell fragments; about 5 to 10
percent silt and micrite.

[ ig4 - 180 Sand, light-alive-gray (5 Y 5/2); quartzose as above; 5 to 10 percent heavy minerals

as above; 5 to 10 percent detrital carbonates and shell fragments; 20 to 30 percent
8ilt and micrite,
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Well PBE-1583

Lat 26°40°57", long 80°15'10"
Sec. 28, T. 43 B., R. 41 E,

Thick-  Depth below

ness land surface Deascription
{feet) (feet)
&4 0-4 Sand, dark-yellowish-brown (10 YR 4/2); quartzose, coarse to fine, moderately sorted,

angular to subsngular; 1 to 3 percent heavy minerals, medium to fine, subrounded ta
roundaed; about 25 percent organic mud, micrite, silt, and clay.

3 4 - 7 Marl, dark-yellowish-brown (10 YR 4/2); silt, clay, and micrite; sand as above from 5
to 7 feet,
7 7 - 14 Sand, dark-yellowish=gray (10 YR 4/2); gquartzose, medium to very fine, moderately

sorted, angular to subangular; 1 percent heavy minerals, fine to wvery fine, sub-
rounded to rounded; about 25 percent organic mud, silt and clay size,

3 14 - 17 Sand as above; 10 to 20 percent mud, silt size.

6 17 - 24 Sand, pale-yellowish-brown (10 YR 6/2); guartzose, medium to very fine, moderately
sorted, angular to subrounded; 1 percent heavy minerals, fine to wvery fime, sub-
rounded to rounded; 10 te 20 percent mud, silt size; 70 percent marl from 18 to 20
feeat,

B 24 = 30 Sand, dark-vellowish-brown (10 YR 4/2); guartzose as above; 1 percent haeavy minerals
as above; 10 to 20 percent mud, s5ilt size,

4 30 - 34 Sand, dark-vellowish-gray (10 YR 4/2); quartzose, medium to very fine, moderately
sorted, angular to subrounded; 1 to 3 percent heavy wminerals, fine to wvery f£ine,
subrounded to rounded, well sorted; about 3 percent carbonates, medium to very fine,
angular to rounded; about 20 percent mud, =ilt size.

L

a4 - 37 Marl, light-olive-gray (5 Y 5/2) to light-olive-brown (3 Y 5/6); silt and clay; 40
percent guartzose, medium te very fine, moderately to well sorted, angular to suban-
gular; 5 percent heavy minerals, medium ta very fine, moderately sorted, subrounded
to rounded; 1 te 3 percent carbonates, medium to very fine, angular to rounded; abhout
10 percent sandstone, olive-gray (5 ¥ 4/1); quartz, medium to very fine, angular to
subrounded to rounded; micritic matrix; moderately cemented; slightly porous.

3 37 - 40 Limestona, medium-dark-gray (N 4); sandy, fossiliferous sparite, caleite molds, Chi-
one and other mollusks; 20 percent guartz, fine be very fine, angular to subroundaed;
3 percent heavy minerals, fine to very fine, subrounded to rounded; moderately to
partially cemented; moldie, vugs, moderately porous to good parasity; interbedded
with about 40 to 50 percent sand, light-elive-gray (5 Y 5/2); quartzose, fine to very
fine, well sorted, angular to subangular; 5 percent heavy minarals, fine to very
fine, subrounded to rounded; sbout 10 percent detrital carbonate fragments, medium te
very fine; about 20 percent lime mud, silt size.

[ 40 - 44 Limestone, light=gray (N 7); sandy, aparae biosparite, well worn mollusk fragments;
20 to 30 percent guartz, fine to very fine, angular to subangular; 5 to 10 percent
heavy minerals, fine to very fine, subrounded to rounded; moderately cemented; moder-
ately porous to good porosity: interbedded with about 40 percent sand; quartzose,
fine to wvery fine, well sorted, angular to subangular; 5 to 10 percent heavy miner-
als, medium to very fine, subroundad to rounded; 40 percent detrital carhonate and
shell fragments, coarse to very fine, angular to rounded,

3 44 - 47 Limestone as above; gravel and concretions.

7 47 - 54 Sandetone, light-gray (N 7); gravel and concretions: quartzose, fine to very well
sarted, angular to subangular; 5 to 10 percent heavy minerals, fine to wvery fine,
well sorted, subrounded to rounded; 20 percent carbonate and shell fragments, medium
to very fine; sparite matrix; well cemented; nodules and gravel; slightly to mader-
ately porous; about 30 percent sand as above.

& 54 - BD Limestone, light-gray (N 7); sandy, sparse biosparite, [urgitella, abundant bivalwvia;
abundent calcite molds present; about 30 to 40 percent quartz, medium, well sorted,
subangular to subrounded; about 10 percent heavy minerals and phosphates, coarse to
fine, poorly sorted, subrounded to rounded; cavity-riddled gravel; meldic, good
poroslty: interbedded with aboub 20 to 30 percent sand; quartzose, medium to fine,
wall sorted, angular to subrounded; 10 percent heavy minerals and phosphates, coarse
to fine, poorly sorted, subrounded to rounded; about 30 percent carbonates.

&4 B0 - B4 Limestone, yellowish-gray (5 Y 8/1) to medium=gray (N 5); sandy, sparse biosparite
(biomicrite in places}, barnacles, bivalvia; 20 to 30 percent quartzose, ocoarse to
fine, poorly sorted, angular to subreounded; % to 10 percent heavy minerals and phosa-
phates, coarse to fine, pooarly sorted, subrounded te rounded; moderately cemented;
cavity-riddled gravel; good porosity; interbedded with about 20 to 30 percent sand as
above; guartzose, coarse to fine.
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Limestone as above; interbedded with 20 to 30 percent sand; gquartzose, coarse to
fine, poorly sorted, angular to subrounded; 5 te 10 percent heavy minerals and phos-
phates, coarse to fine, poorly sorted, subrounded to rounded; about 30 percent detri-
tal carbonates and shell fragments, bryozoans, Balanus, Anadara, Chione,

Limestone, light-gray (N 7) to yellowish-gray (5 Y 7/2); sandy, sparse biosparite; 20
ta 30 percent guartzose, medium to fine, angular to subangular; 5 to 10 percent heavy
minerals and phosphates, coarse to fine, subrounded te rounded; loosely cemented;
cavity=riddled grawvel; good porosity; interbedded with 30 percent sand and shell;
quartzose, caarse ko fine, angular to subrounded; 5 to 10 percent heavy minerals and
phasphates, coarse to fine, subrounded to rounded: 30 to 40 percent detrital car-
honates and shells, Busycon, Conopeum, Chione, shark teeth, Terebra, Turritella,

Chlamys.

Calcarseous sand, very light gray (N 8) to yellowlsh-gray (5 Y 8/1); quartzose, coarge
to fine, poorly =sorted, angular to subrounded; 5 to 10 percent heavy minerals and
phosphates, coarse to fine, poorly sorted, subrounded to rounded; 30 to 40 percent
detrital carbonates and shells, Turritella, Chione, Olivella, Tellina, Cardita,

Chlamys, Terebra; interbedded with ahout 5 to 10 percent limestone nodules; sandy,
packed biosparite.

Calcarepus sand, yellowish-gray (5 Y 8/1): gquartzose, coarse to fine, poorly sorted,
angular teo subrounded; 5 to 10 percent heavy minerals and phosphates, coarse to fine,
poorly scrted, subrounded to rounded; about 40 percent detrital carbonates and
shells, Chione, Turritella, Conus, Chlamys, Cancellaria, barnacles, Olivella,

Calcareous sand, yellowish-gray (5 Y 8/1) to medium-dark=gray (N 4): as above.

Calcarecus sand, medium-dark-gray (N 4); gquartzose, medlum to fine, moderately
sorted, angular to subrounded; 5 to 10 percent heavy minerals and phosphates, coarse
to fine, poorly sorted, subrounded to rounded; 40 percent detrital carbonates and
shell fragments, Cancellaria, Turritella, Glyeymeris, Echinochama, Frunum, Balanus,
Septastrea, Fligatula, Chiane,

Calcareous sand, yellawish-gray (5 Y 8/1); guartzose, coarze to fine, poorly sorted,
angular to subrounded; 5 to 10 percent heavy minerals and phosphates, coarse to fine,
poerly sorted, subrounded to rounded; about 40 percent detrital carbonates and shell
Fragments, Glycymeris, Turritella, Prunum, Plicatula, Terebra, Cardita, Olivella,
Lucina.

Calpareous sand as above; Chione, Turritella, Terebra, Balanus, Conus, Oliwva, Plica-
tula, Corbula, Lucina, Strombus, worm shells, echinoid spines; interbedded with about
20 percent.  limestone rock fragments; sandy, sparse biosparite; 20 teo 30 percent
quartzose, coarse to fine, angular to subrounded:; 5 to 10 percent heavy minerals and
phosphates, medium to fine, subrounded to rounded; loosely cemented; moderately
parous,

Limestune, medium-dark-gray (N 4) to yellowish-gray (53 Y 8/1); sandy, sparse hiqspar-
ite, mellusks; 20 to 30 percent guartzose, medium to fine, moderately sorted, angular
to subrounded; 3 Lo 5 percent heavy minerals and phasphates, medium to fine, moder-
ately sorted, subrounded to roundad; moderately cemented; moderately porous; inter-
bedded with about 30 to 40 percent calcareous sand; 40 percent quartzose, coarse to
fine, poorly sorted, angular to subrounded; 5 to 10 percent heavy minerale and phos-
phates, coarse to fine, poorly sorted, subrounded to rounded; detrital carbonates and
shell fragments, Cancellaria, Busycon, Corbula, Balanus, Turritella.

Calgaresus sand, medium-dark-gray (N 4) to yellowish-gray (5 Y B/1) as above; inter-
bedded with about 20 to 30 percent limestone as above.

Limestone, medium-gray (N 5); sandy, sparse biosparite, mollusks; 30 to 40 percent
gquartzese, coarse to fine, poorly sorted, angular to subrounded; 5 percent heavy
minerals and phosphates, medium to fine, moderately sorted, subrounded te rounded;
very well cemented; moldic, very porous; interlayered with about 20 to 30 percent
aand; gquartzose, coarsa to fine, pnorly sorted, angular to subrnunded; 3 to 10 par-
cant heavy minerals and phosphates, coarse to fine, poorly scorted, subrounded to
rounded; about 30 percent detrital carbonates and shell fragments,

Calcarecus sand, yellowleh-gray (5 Y 8/1) to medium-gray (N 5); guartzose, medium to
fine, moderately sarted, angular to subrounded; 5 to 10 percent heavy minerals and
phesphates, coarse to fine, poorly sorted, subrounded to rounded; 30 to 40 percent
detrital carbeonates and shell fragments, barnacles, Olivella, bivalves,

Calcareous sand, yellowish-gray (5 ¥ 7/2) as above, bryozoans.

Calcareous sand as above, Chlamys.
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Thick-  Depth below

ness land surface Description
{(feet) (feet)
4 120 - 124 Calcareous sand, vyellowish-gray (5 Y 8/1) to light-olive-gray (5 Y 5/2); quartzose,

coarse to fine, poorly sarted, angular to subrounded; 5 to 10 percent heavy minerals
and phosphates, coarse to fine, poorly sorted, subrounded to rounded; 30 to 40 per-
cent detrital carbanates and shell fragments: interbedded with about 10 ta 20 percent
limestone rock fragments; sandy, sparse bicaparite to biomicrite.

3 124 - 127 Calcareous sand as above; interbedded with about 25 percent limestone; sandy, aparse
biomicrite to biosparite; 30 percent gquartzose, coarse to fine, poorly sorted, an-
gular to subrounded; 5 to 10 percent heavy minerals and phosphates, coarse to fine,
poorly sorted, subrounded to rounded; looszely cemented; moldic, good parosity,

3 127 - 130 Calcarsous sand, yellowish-gray (5 Y 8/1) as above; with about 5 to 10 percent lime-
stone rock fragments, light-olive-gray (5 Y 5/2) as above.

4 130 - 134 Calcareous sand with limestone rock fragments as above,

B 134 - 140 Calcarecus sand, yellowish-gray (3 ¥ 8/1); gquartzose, coarse to fine, peorly sorted,

subrounded to rounded; 5 to 10 percent heavy minarals and phosphates, coarse t fine,
poorly sorted, subrounded to rounded; about 30 percent detrital carbonatez and shell
fragments.

7 140 - 147 Calecareous sand, wvery light gray (N 8) to yellowish-gray (5 Y B/1); guartzose, coarse
to medium, subangular teo reunded; 5 to 10 percent heavy minerals and phosphates aa
sbove: 20 to 30 percent detrital carbonates and sghell fragments; interbedded with
about 20 to 30 percent limestone; sandy, sparse biosparite; 30 percent quartzoese,
coarse to medium, subangular to rounded; 5 to 10 percent heavy minerals and phoa-
phates, coarse t fine, subrounded to rounded; locsely cemented; moldic, good poros-
ity

3 147 - 150 Calcarecus sand, light-gray (N 7) to yellowish-gray (5 ¥ &/1); quartzose, coarse to
medium, moderately sorted, subangular to rounded; 5 to 10 percent heavy minerals and
phosphates, coarse to fine, poorly sorted, subrounded te rounded; about 30 percent
detrital carbonates and shell fragments, Balanus, Chlamys; about 5 percent micrite,
silt and clay, light-olive-gray (5 Y 53/2).

4 150 - 154 Calcareous sand as above with grayish-olive (10 Y 4/72): silt, clay and micrite in-
creasing.
3 154 = 157 Calcareous sand, very light gray (N 8) to yelleowish-gray (5 ¥ 8/1); guartzose, coarse

to fine, poorly sorted, subangular te rounded; 5 to 10 percent phosphates as above;
20 ta 30 percent detrital carbonates and shell fragments, Conus, echineid plate,
Balanus; about 10 percent mierite, silt and clay, grayish-olive (10 Y 4/2).

3 157 - 160 Calcareous sand as above; 20 percent =ilt, clay and micrite.

4 160 - 164 Sand, very light gray (N B) ta light-olive-gray (5 ¥ 5/2); gquartzese, coarse Lo fine,
poerly sorted subangular to subrounded; 10 percent heavy minerals and phosphates,
coarse to fine, poorly sorted, subrounded +to rounded; about 20 percent detrital
carbonates and shell fragments, Conus, Balanus: about 20 percent =ilt, clay and
micrite,

B 164 - 170 S%ilty sand, grayish-clive (10 Y 4/2); about 40 percent micrite, silt and clay;
gquartzose, medium to very fine moderately sorted, angular to rounded; 5 to 10 percent
heavy minerals and phosphates, medium to very fine, moderately sorted, subroundad to
rounded; 3 to 5 percent detrital carbonatas,

7 170 = 177 Silty sand as above; with silt and clay increasing.

3 177 = 180 Silty sand, grayish-olive (10 Y 4/2); quartzose, fine to very fine, angular to suban-
gular, well sorted; about 40 percent =ilt, clay end lime mud; 5 to 10 parcent heavy
minerals and phosphates, medium to very fine, moderately sorted, subrounded to
rounded: about 5 +to 10 percent detrital carbonates and shell fragments, medium to
very fine, well worn.

10 180 - 190 Sandy clay, grayish-olive (10 Y 4/2); silt, clay, and micrite; about 30 to 40 percent
guartzose as above; 5 to 10 percent heavy minerals and phoaphates, fine to very fine,
well sorted, subrounded to rounded; 3 to 5 percent carbonates and shell fragments,
fine to very fine, well worn,
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Well PE-1607

Lat 26°52'48", long 807107387
Sec., 28, T. 41 5., R. 42 E.

Thick=
ness
(feat)

Depth below
land surface

(feet)

Description
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Organic scil, dusky-brown (5 YR 2/2); quartzose, medium to very fine, moderately
sorted, angular to subangular; organic mud and debris.

Marl, olive-gray (5 ¥ 4/1); silt and clay; quartzose, fine to very fine, well sorted,
angular te subrounded; about 30 to 40 percent shells, Chione, Anadara, Terehra, Tel-
lina, Cardita, Marginella, Busycon.

Marl as above; about 30 percent shells,

Marl, olive-gray (5 Y 4/1); silt and clay; guartzese, fine to very fime, well sorted,
angular to subrounded; 1 percent heavy minerals, very fine, subrounded to rounded; 25
percent. shells and shell fragments.

Marl as above; about 10 ta 20 percent shells and shell fragments.

Muddy =sand, dark-yellowish-brown (10 YR 4/2) to light-olive-gray (5 Y 5/2); quartz-
ogse, fine ta very fine, well sorted, angular to subangular; about 25 percent ailt and
clay; 1 ta 3 percent heavy minerals as above; about 1 to 3 percent shell fragments,

Muddy sand, light-olive-gray (5 Y 5/2); quartzose as above: 1 to 3 percent heavy min-
erale as above; 10 ko 20 percent silt and clay.

Muddy sand, light-olive-gray (5 Y 5/2) to dark-yellowish-brown (10 YR 4/2); as abava,
Muddy sand, dark-yellowish-brown (10 YR 4/Z).

Limestone, medium-light-gray (N B); sandy, sparse biosparite; about 40 percent
guartzose, fine to wvery fine, well sorted, angular to subrounded; 1 to 3 percent
heavy minerals, fine to very fine, well sorted, subrounded to rounded; well cemented;
vary porus.

Limestone as above; interlayered with sand; quartzose, fine to very fine, well
sorted, angular to subangular; 3 ko 5 percent heavy minerals, fine to very fine, well
sorted, subrounded to rounded; about 10 to 20 percent calcite.

Sandy limestone, light-gray (N 7) to medium-dark-gray (N 4); sandy, sparse biospar-
ite, abundant calcite; 20 te 30 percent quartzose, medium to fine, moderately sorted,
angular to subrounded; 3 percent heavy minerals, fine to very fine, well sorted, sub-
rounded to rounded; moderately cemented gravel; very porous; interbedded with about
40 to 50 percent sand; quartzose, medium to fine, moderately to well sorted, angular
to subroundaed; 3 to 5 percent heavy minerals, fine ta wvery fine, subrounded tao
rounded; Z0 to 30 percent calcite crystals and ather carbanates,

Limestone as above; Interbedded with about 30 ba 40 percent sand; quartzose, fine to
very fine, well sorted, angular to subrounded; 5 to 10 percent heavy minerals, fine
La very fine, well sorted, subrounded to rounded; 10 to 20 percent carbonates and
shell fragments, medium to very fine.

Limestone, medium-light-gray (N B) to yellowish-gray (5 Y 7/2); sandy, sparse bio-
sparite; 30 percent quartzose, fine to very fine, well sorted, angular to subrounded;
5 percent heavy minerals, fine to very fine, well sorted, subrounded to rounded;
cavity-riddled gravel; very porous; aboubt 10 to 20 percent dismicrite; interbedded
with about 30 te 40 percent sand as above,

Limestone, light-gray (N 7) to yellowish-gray (5 Y 8/1); sandy, sparse biosparite,
abundant. mollusks; 10 to 20 percent guartzose, medium to fine, angular to subrounded,
modarately sorted; 5 percent heavy minerals, medium to very fine, moderately sorted,
subrounded to rounded; cavity-riddled gravel, very porous; interbedded with 30 to
40 percent sand; quartzose, medium to very fine, mederately sorted, angular to sub-
rounded; 5 to 10 percent heavy minerals, fine to very fine, well sorted, subrounded
to rounded; 30 to 40 percent shell fragments and detrital carbonates.

Sand, light-olive-gray (5 Y 6/1) Lo yellowish-gray (3 Y 8/1); quartzose, coarse to
fine, poorly sarted, angular to subrounded: 3 to 5 percent heavy minerals and phos-
phates, medium to fine, moderately sorted, subangular to rounded; 20 to 40 percent
dutrital carbonates and shell fragments, Balanus, gastrapods, and bivalve fragments;
interbedded with about 20 percent limestone gravel: sandy, sparse biosparite; about
30 percent quartz, coarse to fine, angular to subrounded; 3 to 5 percent heavy miner-
als and phosphates, medium to very fine, subrounded bo rounded; moderately cemented;
maderately porous, vugs.
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Well PB-16807--Continued

Thick- Depth below

Ness land surface Description
(feat) (faat)
4 B0 - B4 Limestone, medium-gray (N 5); sandy, sparse biosparite, packed biosparite in places,

Olivella, Turritells, Chione, Mitra; 25 percent quartz, medium to fine, moderately to
well sorted, angular to subrounded; 5 percent heavy minerals and phosphates, medium to
very fine, subrounded to rounded; well cemented with gravel in places; porous, moldie,
vugs; interlayered with about 20 to 30 percent sand, light-olive-gray (5 Y B/1);
quartzase, medium to fine, moderately to well sorted, angular to subrounded; 3 to 5
percent heavy minerals and phoaphates, medium te very fine, moderately sorted, sub-
rounded to rounded; abaut 30 to 40 percent detrital carbeonates and shell fragments,

3 B4 - B7 Sandy shell, light-olive-gray (5 Y 6/1) to yellowish-gray (5 Y 8/1}); 20 to 30 percent
quartzose as above; 3 to 5 percent heavy minerals and phosphates as above; shells and
shall fragments and detrital carbonates, Anadara, Oliva, Glycymeris, Venericardia,
other mollusks: interbedded with about 25 percent limestone gravel as akova.

3 87 - 70 Sandy shell as above; Turritella, Crepidula; interbedded with about 20 to 30 percent
limesteone, light-gray (N 7} to lighL—ﬁIive—gray (5 Y B6/1); sandy, packed bhipsparite
with sparse blosparite in places; 10 to 20 percent guartz, medium to fine, mederately
sorted, angular to subrounded; 3 to 5 percent heavy minerals, medium to very fine,
moderately sorted, subrounded to rounded; moderately cemented; porous.

4 70 - 74 Limestone as above; well cemented with gravel: interbedded with aboubt 30 percent sandy
hell as above,

3 T4 - 77 Limeastone gravel as above; interbedded with about 20 percent sandy shell as abova.

3 77 - 80 Limestone gravel, light-gray (N 7) to yellowlsh-gray (5 Y 2/1); sandy, packed hia-

sparite, mollusks: about 20 percent guartz, medium to fine, moderately sorted, angular
ko subreunded; 3 percent heavy minerals, fine to very fine, well sorted, subrounded to
roundaed; moderately cemented gravel: porous; interbedded with about 30 ta 40 percent
sandy shell, light-olive-gray (5 ¥ 6/1); 20 to 30 percent quartz, medium to finse, mad-
arately sorted, angular to subrounded; 3 to 5 percent heavy minerals, medium to very
fina, moderately sorted, subrounded to rounded; shells and shell fragments and detri-
tal carbonates, Glycymeris, other bivalves and gastropods.

4 B0 - B4 Limestone gravel as above; interbedded with sandy shell as above.

3 B4 - 87 Limestone, light-olive-gray (5 Y 6/1); sandy, eparse blosparite to packed biasparite
(biomicrite in places); 10 to 30 percent quartz, coarse ta fine, poorly sorted,
anpgular to subrounded; 3 to 5 percent heavy minerals and phosphates, medium to fine,
moderately zorted, rounded to subangular; well to moderately cemented with with
graval; parous; interbedded with 30 to 40 percent sandy shell az abave,

3 87 - 50 Sandy shell, yellowish-gray (5 ¥ 8/1) to light-olive-gray (5 Y 6/1); about 30 percent
gquartzose, coarse to very fine, peooerly sorted, angular to subrounded; 3 to 5 percent
heavy minerals, medium to very fine, poorly serted, subrounded to rounded; detrital
carbonates, shells and shell fragments, abundant bivalve fragmente; interbedded with
30 percent limestone gravel; sandy, sparse biosparite to sparse biomicrite; moderately

porous.
4 90 - 94 fandy shell as above; interbedded with limesteone gravel as above,
3 94 - a7 Sandy shell, yellowish-gray (5 Y 8/1) to light-olive-gray (5 Y G6/1); about 30 percent

guarkzose, coarae to very fine, poorly sorbted, angular to subrounded; 5 te 10 percent
heavy minerals and phosphatas, coarse to wvery fine, poorly sorted, subrounded to
rounded; detrital carbenates, shells and shell fragments,

3 97 - 100 Sandy shell as above; Olivella, Conus, Lirophora, Chlamys, echineoid plates; inter-
bedded  with  about 10 percent limestone gravel, light-olive-gray (5 Y 5/2): poorly
washed biomicrite; moderately cemented.

4 100 - 104 Gandy shell as above; Crassatellities.
3 104 - 107 Sandy shell as above; Glycymeris, Mitra, shark teeth,
3 107 - 110 Sandy shell, medium-dark-gray (N 4) to vellowish-gray (5 Y B/1); as abave; Glycymeris,

0Oliva, Chlamys, Crassatellities; interlayered with about 10 to 20 percent limestone;
packed biosparite; moderately to well cemented.

4 110 - 114 Sandy shall as above; interbedded with 10 to 20 percent limestone; packed biosparite;
25 percent gquartz, medium to very fine; 5 percent heavy minerals, medium to very fine;
moderately cemented; moderately porous,

3 114 = 117  Samdy shell, medium-gray (N 5) to yellowish-gray (5 ¥ 8/13); 30 percent quartzose, me-
dium to very fine, moderately to poorly sorted, subrounded to angular; 5 to 10 percent
heavy minerals and phosphates, medium to very fine, moderately sorted, subrounded to
rounded; detrital carbonates, shells and shell fragments, mellusks, Anadara, Crassa-
tellities, Conus, Glycymeris.
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Well PB-1607--Continued

Thick-
ness
(feet)

Depth below
land surface
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Description
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Sandy shell, medium-light-gray (N 8) to yellowish-gray (5 Y 8/1); about 30 percent
gquartzosa, coarse to fine, poorly sorted, angular to subrounded; 5 to 10 percent
heavy minerals and phosphates, medium to very fine, poorly sorted, subrounded to
rounded; detrital carbonates, shells and shell fragments, Glyecymeri=, K Oljvella,

Conua, Chlamys, Crepiduyla, Chione, Crassatellities.

Sandy shell, light-gray (N 7) to yellowish-gray (5 Y 8/1); about 40 percent quartzose
as above; 5 to 10 parcent heavy minerals and phosphates as above; detrital carbon-
ates, shells and shell fragments as above; interbedded with about 20 te 30 parcent
limestone; sandy, sparse biocsparita, mollusks; 40 percent guartz, coarse to fine,
poorly sorted, angular to subrounded; about 5 percent heavy minerals and phoaphates,
madium to very fine, subrounded to rounded; moderately cemented: porous,

Sandy shell as above; Olivella, Polinices, Chlamys, Chicne, coral, barnacles; inter-
bedded with about 20 to 30 percent limestcne; sandy, sparse biosparite as above; 30
to 40 percent quartz az above; moderately cemented; porous.

Sandy shell, light-gray (N 7) to yellowish=gray (5 Y 8/1); about 30 to 40 percent
gquartzosa, medium to very fine, poorly sorted, angular to subrounded; 5 to 10 percent
heavy minerals and phosphates, medium to very fine, moderately sorted, subrounded to
rounded; detrital carbonatez and shell fragments.

Limeatone, light-olive-gray (5 Y 6/1); sandy, sparse biomicrite, mollusks; 30 to 40
percent guartz, medium to very fine, moderately sorted, angular te subrounded; about
5 percent heavy minerals, medium to very fine, moderately sorted, subrounded to
rounded; well cemented; porous, moldic; interbedded with about 20 to 30 parcent sandy
ghell as above.

Sandy shell as above; interbedded with about 10 percent limestons as above; moder-
ately cemented,

Sand, light-gray (N 7) to yellowish-gray (5 Y 8/1); guartzose, medium to very fine,
moderately sorted, angular to subrounded; 5 to 10 percent heavy minerals and phos-
phates, medium to very fine, moderately sorted, subrounded to rounded; about 40
percent detrital carbonates and shell fragmentas, barnaclea, bivalves and gastropod
places,

Sand as above; 30 to 40 percent carbonates; interbadded with 10 to 20 percent lime-
atone gravel; sandy, sparse blosparite; 40 to 50 percent gquartz; 5 to 10 percent
heavy minerals and phosphates; porous; moderately cemented.

Sand, light-gray (N 7); gquartzose, medium to fine, moderately sorted, angular to
rounded; 5 to 10 percent heavy minerals and phosphates, medium to very fine, modar-
apqu sorted, subrounded to rounded; 20 to 30 percent detrital carbonates and shell
pieces.

Sand as above; with achinoid plates,

Sand, light-gray (N 7); quartzose, medium to fine, modarataly to wall sorted, angular
to subrounded; about 10 percent heavy minerals and phosphates, medium to fine, moder-
ately to well sortad, subrounded to rounded; about 25 percent detrital carbonates and
shell pieces, echinoid plates; stringers of silt and clay, grayish-olive (10 Y 4/2),

Sand, Llight-olive-gray (5 Y B/1); gquartzose, medium to fine, well sorted, angular to
subrounded; 5 to 10 percent heavy minerals and phosphates, medium to fine, well
sorted, subrounded to rounded; 10 to 20 percent detrital carbonates and shell places,
echinoid plates; about 10 percent silt and clay, grayish-olive (10 Y 4/2).

Sand as above; oyster shells,

Silty sand, light-olive-gray (5 Y 6/1); quartzose, medium to fine, well sorted, angu-
lar to rounded; about 5 percent heavy minerals and phosphates, medium to very fine,
moderately sorted, subrounded to rounded; about 10 to 20 percent detrital carbonates
and shell pieces; about 25 percent silt and clay.

Bilty sand, light-olive-gray (5 Y 6/1); gquartzose, fine to very fine, well sorted,
angular to subrounded; 5 percent heavy minerals, fine to very fina, well sorted,
aubrounded to rounded; about 10 percent detrital carbonates and shell pileces: about
30 percent silt and clay.

Silty sand as above; 30 to 40 percent silt and clay.
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